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J. VOCATIONALTRAINING PROGRAM
The Computer Centre of the USSR Academy of
Sciences (Director, Academician A.A. Dorodnicyn) is
engaged in vocational teaching for half the senior pupils* at
School 52, Moscow, as 'computer programmers'. This work
has been in operation since 1960, during which time, more
than 700 such specialists have been trained. **
Teaching is carried on in the 9th and 10th forms. The
syIlabus provides for two hours of lessons a week, besides
which, each pupil has another 1·2 hours a week of
individual consultation and practical work. School 52 is a
specialized mathematical school with a high standard. The
pupils are, for instance, taught the elements of higher
mathematics.
At present, the three major tasks of this vocational
trainingare:
(1) to give pupils an idea about algorithms for solving
problems; to teach them to compose and describe,
strictly and clearly, algorithms for solving problems
accessible to them;
(2) to teach pupils an algorithmic language (ALGOL·60 has
been chosen);
(3) to teach pupils to handle a computer panel (computer
'MIR' has been selected).
The role computer mathematics plays in modern
science is well-known. The information enumerated in the
points above is most useful for a (pure) mathematician,
engineer, economist, manager, as weIl as humanitarian. This
information constitutes the main part of our vocational
training if the trainee is to work after school as a computer
programmer. Our national economy is in need of qualified
personnel with secondary education to work in computer
techniques.
The pupils take a great interest in their studies, because
they are in contact with modem science. In teaching pupils,
computer mathematics raises very interesting aspects
concerningmethods, two of which are examined below.
2. SOMEMETHODOLOGICALASPECTS
The first aspect concerns which problems and examples
are to be chosen in teaching. We are of the opinion that'
emphasis should be placed on logical, combinatory
problems, as well as on mathematical games. By solving
such problems, pupils (and not only pupils) will enjoy
formulating algorithms. The pupils were in fact most
enthusiasticabout problems like:
(a) Program for composing an eternal calendar.
(b) Programming of primitive card games (using in some
casesmodelling to choose chance quantities).
(c) Problems arising in chess, for example, to define the

rrururnum number of moves for the knight from one
field to another. Also problems connected with the
different arrangements of the chessmen on the chess board.
(d) Problems in relation to sport, for instance, to distribute
the places among the competing figure-skaters, knowing
the estimates given by the empires (according to the
existing rules).
(e) Program composition for the simplest games, such as
'noughts and crosses' and others.
(I) Finding one's way in a labyrinth.
(g) Determining whether a net is unicursal and, if so, to
point out the right bypass.
(h) Problems dealing with economics such as: calculating
the lowest cost of transportation from one city to
another, within the given network of cities;
determination of the shortest distance between points;
calculations of wages.
(i) Problems relating to the treatment of whole numbers
checking;
the non-trivial theorems and properties in the theory of
numbers.
0) Problems of controlling the writing of Roman numbers
and conversion of the decimal into the Roman system,
etc.
It is but natural that, in order to solve problems of a
combinatory nature, the simplest methods are used in
choosing the right variant.
The second problem deals with the decision as to which
kind of ALGOL should the pupil be taught?
We consider that for a pupil (also for a laboratory assistant)
only the most simplified kind of ALGOL*** is the most
useful. This simplified variant must contain the least
number of conceptions that may be new for the pupil.
In the appendix is shown a simplified variant of
ALGOL 60 entitled 'ALGOL for Schoolchildren' by A.A.
Abramov, LN. Antipov, V.M. Kurochkin, V.I. Ulyanova
published by the Computer Centre of the USSR Academy
of Sciences, Moscow, 1969.
•

*.

Teaching in the remaining forms is done by the Computer
Centreof the Moscow University.

At various times, work has been carried on by: A.A. Abramov,
S.A. Abrarnov, V.V. Alexandrov, I.N. Antipov, V.M. Berezina,
E.S. Birger, Y.M. Burenkov, A.N. .Oaipova, V.M. Grudnitski,
A.L. Dyshko, E.A. Kiriukhina, N.B. Koniukhova, V.A. Magarik,
N.I. Makarchuk, N.A. Meller, R.F. Merzhanova, B.N. Petrova,
A.N. Poliudov, !.Kh. Sigal, M.S. Sovalov, E.M. Sukhoruchenko,
V.1. Ulyanova, 1.1.Chechel, V.V. Shchennikov,

···II-year school pupils (i,e. having three years' vocational
training) taught by I.N. Antipov in 1965,1966, successfully
mastered full ALGOL. It is, to our knowledge, the first
experiment of teaching ALGOL in a secondary school
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In the appendix under 1.2 the russian symbols to come after <letter'
have been omitted for the sake of simplicity.

Appendix

§ 5. Statement.

ALGOL FOR SCHOOLCHILDREN

§ I. Basic Symbol.

5.1

BasicStatement.
<basic statement> ::= <dummy statement>! <go to statement> !
<assfgnement statement>! <input statement> !
<output statement>
<dummy statement> ::= <empty>
<go to statement> ::= go to <label>
<label> ::= <identifier>
<assignment statement> ::= <left part list>
<arithmetic expression>
<Jeft part list> ::= <left part>! <left part list> <left pari>
<left part> ::= Hvariable>:o
<input statement> ::= input (<identifier list»
<output statement> ::= output (<identifier list»
<identifier list> ::= <identifier>! <identifier list>, <identifier>

5.2

Compound Statement and Block.
<compound statement> ::= begin <compound tail>
<
<compound tail> ::= <Statement> end! <statement>; <compound tail>
<block> :.e'<blcck head> ; <compound tail>
<block head> ::= begin <declaration>! <block head<declarattcn>

5.3

Unconditional and Conditional Statements.
<unconditional statement> ::= <basic statement> !
<compound statement>! <block>
<conditional statement> ::= <if clause> <unconditional statement> !
<if clause> <unconditional staternentoelsecstatement> !
<if clause> <for statement>
<if clause> ::'" if <relation> then
<relation> ::= <arithmetic expression> <relation operator>
<arithmetic expression>

SA

For Statement.
<for list element> ::= <arithmetic expression>!
<arithmetic expression> step <arithmetic expression>
until<arithmetic expression> !
<arithmetic expression> while <relation>
<for list> ::'" <for list element>!
<for list> ,<for list element>
<for clause> ::= for <Simple variable> := <for list> do
<for statement> ::= <for clause> <statement>

5.5

Statement.
<Statement> ::= <unconditional statement>!
<conditional statement>! <for statement> !
<label> : <Statement>

5.6

Program.
<program> ::'" <block>! <compound statement>

1.1
<empty> .:«
1.2

BasicSymbol.
<basic symbol> ::= <digit>! <letter>! <delimiter>
<digit> ::= O! l! 2 1 3! 4! 5! 6! 7! 8! 9
<letter> ::= D! r : G! I! J! L! N! Q! R! S! U! V 1 W! Z!
d 1 f"! g ! i! j! I! n! q! r ! s 1 u! v ! w ! z!
h! m! t
<delimiter> ::= <arithmetic operator>! <relation operator>!
<type>! .! .: . ! ;! :=! t ! )! l t j '
begin! end! array! go to! if! then! else!
for! step! until! while! do
<arithmetic operator> ::= <adding operator>! x ! I!
<adding operator> ::'" +! <relation operator> ::'" <! X! \! ~! > ! =I<type> ::= integer! real
§ 2. Identifier and Decimal Number.

<identifier> ::'" <letter>! <Jdenuflcr> <letter>!
<identifier> <digit>
<unsigned integer> ::'" <digit> r <unsigned integer> <digit>
<decimal number> ::= <unsigned integer>!
<unsigned integer>. <unsigned integer>

§ 3. Arithmetic Expression.
3.1

3.2

3.3

Standard Function.
<standard function> ::= <standard function identifier>
(<arithmetic expression»
<Standard function identifier> ::= abs ! sign! sqrt!
sin! cos! arctan! In! exp 1 en tier
Variable.
<variable> ::'" <simple variable> r <Subscripted variable>
<Simple variable> ::'" <identifier>
<subscript expression> ::'" <arithmetic expression»
<subscrtpr usr> ::= <subscript expression>!
<subscript list> ,<subscript expression>
<array identifier> ::= <identifier>
<subscripted variable> ::= <array identifier> «subscriptlist>J
Arithmetic Expression.
<primary> ::'" <decimal number>! <variable>!
<Standard function>! (<arithmetic expression»
<arithmetic expression> ::= <primary>! <adding operator>
<primary>! <arithmetic expression>
<arithmetic operator> <primary>

§ 4. Declaration.
<declaration> ::= <Simple variable declaration>!
<array declaration>
4.1

Simple Variable Declaration.
<Simple variable declaration> ::= <type> <Simple variable> !

4.2

Array Declaration.
<lower bound> ::= <arithmetic expression>
<upper bound> ::= <arithmetic expression>
<bound pair> ::= <lower bound> : <upper bound>
<bound pair list> ::= <bound pair> !
<bound pair list> , <bound pair>
<array segment> ::= <.array identifier> [<bound pair list>] !
<array identifier> I <array segment>
<array list> ::= <array segment>! <array list> , <array segment>
<array declaration> ::= array <array list> !
<type> array list>
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COM\,UTER

UTILIZATION
PROJECT

IN

INSTRUCTION:

INDICOM

Ronald Arnold and B. Scrivens

1. DEVELOPMENT OF MATERIALS

Individualization of instruction . is accomplished in a
variety of ways. Some programs -~mploy simple pacing,
several are written for varied levels of competencies, others
provide specific remedial or excursion loops and one uses a
modified strands approach. The common element in each is
that the youngsters do not receive material until they are
ready for it, nor are they expected to waste their time on
materials they already know.
The quantitative production of design team members
was significantly affected by the nature of their problem
areas. For instance, the design teams in the basic skills areas
of language arts and computational mathematics were able
to produce materials early in the project whereas the design
teams working in the problem solving and process areas in
social studies and science found it initially difficult to
establish orderly systems of behavioral goals.
Certain hardware limitations also make it more difficult
for those teams working in the problem solving or process
areas, in that the computer system used lends itself more
readily to drill and practice of limited tutorial programs.
The entire writing staff was even more handicapped by the
fact that the project's own computer system was not to be
installed until the third year which meant that members
were for the most part unable to test their programs on-line.
Funded for the purpose of developing and demonstrating an approach toward a computer-based, multimediated K-12 curriculum (approximately 5 through 18 years
of age), the INDICOM Project was the mid-west's first
sizeable public school CAl undertaking and will be the first
to employ the RCA Instructional 71 system which features
teletype student terminals with important audio and visual
display enhancements.
2. OPERAnONS
During the 1968-69 school year the project provided
daily CAl lessons in mathematics via remote hook-up to
RCA's Palo Alto, California, CAl laboratory for more than
360 pupils in grades 2-6. Another 75 children had language
arts lessons during the second semester and a group of
secondary students took part in a remedial mathematics
program. Also participating in a one week period that
proved to be a very successful experience was a group of
handicapped children (deaf, hard of hearing, and dyslexic)
from the school district. Further CAl for them is in the
planning stage.
Preliminary test results indicate gains in achievement
and attitude superior to that of the control groups. The
results of a summer math clinic for another 90 elementary
school students are equally promising.

Although INDICOM was limited to three hours
computer access time daily, in addition to the programs
described above, teachers, authors, and visitors were also
able to use the 32 terminals. This is an indication of the
efficiency of the INDICOM lab operation (efficient
scheduling of students is imperative with the relatively high
costs of computer time). Even greater application is
anticipated this year when the RCA 1-71 system is installed
at Waterford Matt High School,
The Communication and Mathematics Skills Program
(CMSP) will be the first large scale INDICOM-authored
program implemented on the 1·71 system. CMSP is designed
for high school under-Vand low-achievers who lack basic
skills in reading, language, and/or computational mathematics. The curriculum data base consists of 380 lessons in
mathematics and 270 lessons in language arts in addition to
diagnostic and evaluative lessons and' is written up to three
levels of difficulty.
. 3. EVALUAnON
Dr. Burt Greene, Evaluator commissioned by the
Michigan State Department of Education, has pronounced
the INDICOM project evaluation model (Table L) outstanding in its thoroughness.
The major portion of the evaluation activities will take
place during 1969 and 1970 with the implementation of
the INDICOM-authored curriculum. However, initial evaluation of project activities has been most encouraging.
The Riverside School fourth and fifth graders who
received Harcourt Brace and World's CAl Elementary
English lessons during a four-month test period showed a
gain of seven months while both control groups showed a
gain of only three months. (See Table Il.)
Significant gains were also noted in the mathematics
curriculum, particularly in grades three and four. The Iowa
Test of Basic Skills (ITBS) was used as pre and posttests,
INDICOM Research Specialist, Dr. Robert Scrivens,
suggests that tests oriented more toward computational
skills might provide more accurate measures of actual gain
on the L. W. Singer Mathematics Drill and Review program.
The ITBS, which has few items of a strictly computational
nature, was chosen primarily to measure achievement on
INDICOM-authored materials. Probably a more significant
result of the math program was that students' attitude
appears to have been enhanced. While research (Scrivens,
1968) shows that there is usually a decline in positive
attitude toward mathematics as students move through the
grades, the youngsters in the INDICOM program indicated
no decline tests and in many cases there were notable
improvements.
Returns on questionnaires sent to parents were even
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more gratifying. Of the 300 families queried, 70 per cent
replied. Of these, 95 per cent noted that their children were
pleased with their progress in mathematics and ninety-five
per cent also said that they themselves were pleased with
their children's progess. Ninety-two per cent reported that
they would like to see CAl expanded to other subject areas
and 93 cent stated that they would recommend the
program to others.
Unfortunately, no pretesting of the lNDICOM authors
was done to allow accurate objective measurement of the
learning that resulted from the lNDICOM curriculum
training program. However, in an attempt to assess this
training, a self evaluation instrument was developed.
Results indicate a high degree of confidence among the
writers and general satisfaction with the instruction, though
many of the teachers expressed the need for more direct
supervision by the full-time INDICOM staff. Of course the
true evaluation of the author training will be the success of
the curriculum that they developed.
Other research in the project has attempted to identify
variables from the cognitive and affective domain which
could be used to generate linear regression equations that
could predict achievement in a computer-assisted instruction learning situation. Equations which predicted success
in the math drill and review with 60-70 per cent accuracy
were generated for each grade two through six. A
significant generalization that appears to be warranted from
the study was that variables in the affective domain are
important to a youngster's achievement in computerassisted instruction.
A similar study was done to discover predictors of
success for students using programmed instruction to learn
French. Hopefully, further developments in research of this
nature will lead to efficient prescription of instruction to
suit indivuduallearning styles of students.
4. DISSEMINATION
During the 1968-69 school year over 1500 visitors were
welcomed to the INDICOM laboratory at Riverside
Elementary School. In addition, INDICOM personnel have
made presentations to numerous groups including local
educators, parent and student groups, university classes and
national conferences.
Two progress reports have been issued and were
distributed on a nationwide basis. The third and most
definitive report was published in a paper-bound volume in
the fall of 1969. Articles describing project activities have
appeared in Detroit area papers as well as in many
professional journals. A number of other articles are now in
production and will appear in the coming year.
The. project has already been involved in several
conferences and was invited to participate in programs for
the National Association for Teachers of English in
Washington, D.C., in November 1969, and the National
Association for Programmed Instruction in April, 1970.
Proposals for presentations at other national conferences
are being prepared.
INDICOM staffers have had fruitful contact with other
projects in CAl including Project GROW in Philadelphia,
the Brentwood Project associated with Stanford University
and the Oakleaf Project in Pittsburgh. But, because there is
no existing forum for information exchange among public
school CAl projects, INDICOM has proposed an invitational
conference on "The Role of the Public School in CAl
Development" to the U.S. Office of Education.
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5. PROJECT CONTINUATION
With the termination of the ESEA Title III Grant
August (1970), Waterford will have an operational CAl
System on site including necessary software; curriculum
data base in a variety of subject areas and trained personnel
to operate and partially maintain the system. In addition to
the teacher-authors, other teachers in the district will be
train~d in the fundamentals of CAl preparation as funding
permits.
.
As of this point in time computers in instruction remain
for the most part an unknown quantity. It is imperative
that a continuing relationship exist between public school
sector, the U.S. Office of Education and State Departments
of Education, the publishers and the hardware vendors if
the full potential of CAl is to be realized. An adequate
dialogue does not exist among public school people
themselves, let alone with the other three components of
the quartet.
As with all other instructional programs, CAl must also
stand the measure of cost effectiveness, But, until the
curriculum data base for CAl is expanded and CAl has
existed for a reasonable period of time, cost effectiveness
studies seem rather inconclusive. Within the next three
years, however, the present operating projects should
provide the frame of reference for honest assessment of
cost feasibility, Indeed, they should increase communication to prevent costly duplication of effort.
The staff of this project and the school district itself are
committed to securing the necessary funding to insure the
continuing development of computer-assisted instruction
and computer-managed instruction. Plans have been
developed for curriculum offerings for adult basic education students, the hearing-impaired and the dyslexic
student. Discussions are on the way with government and
private officials concerning the necessary funding for such
programs. lt is important to note here that the cost
consideration for this special type of audience is very
different and much higher typically than for the traditional
offerings for elementary and secondary schools.
Every effort must be made in the next few years to
look at an integrated computer network for a public school
system. This would include the more proven applications in
administrative data processing, vocational education and
problem-solving and in addition the more frontier applications of computer-managed instruction, computer-assisted
testing, and the more sophisticated applications of CAl,
(inquiry, simulation and gaming and fuJI tutorial systems).
With the advent of large multipurpose computer systems,
school districts should be able to take advantage of the
"efficiency of scale."
Even the most severe critics of CAl do not question its
eventual application to public school instruction, but
merely the timing of this application. It is important now
that educators avoid premature decisions on the viability of
the computer as an instructional medium merely in reaction
to the voices of some skeptics. However, every effort must
be made to avoid costly duplications and inaccurate or
incomplete reporting of evaluation data.
6. TRAINING CLASSROOM TEACHERS AS INSTRUC·
TIONAL PROGRAMMERS
The basic premise of the INDICOM Project is that
working classroom teachers are in the best position to

develop Computer Assisted Instruction. Accordingly, in the
tWO years since its inception, the project has trained 42
full-time teachers as authors of Computer Assited lnstruction (CAJ). Soon, the more than 1200 lessons these
teachers have written in the ISL IJ language will be
implemented on the RCA Instructional-7 I computer
system.'
These lessons range in intricacy from short simple
demonstration units to components of semester-length
programs of tri-leveled tutorial instruction. Some incorporate gaming and inquiry techniques and depend on the
audio and graphic enhancements of the 1·71 system for
portions of the instruction.
Although the ultimate evaluation of the training
program lies in the effectiveness of the instruction teachers
have written, at this point we do know that teachers can
readily be trained in the skills, learning theory and
computer technology that appear requisite to developing
CAl.
Computer Assisted Instruction exists more in theory
than in practice. At best, CAl is still an embryonic science
(if it can be called a science at all). For these reasons, the
training program that brought our authors to what we
consider a high level of sophistication in CAl was
necessarily developed empirically (for purists' through trial
and error).
At this point, the INDICOM Project probably has had
as much experience training CAl Programmers as any other
organization. And certainly the project personnel have an
ample supply of hindsight in this respect. With these
qualifications to our credit then, we offer this outline of
the [NDICOM training program for your consideration.

6.1 Training objectives
As a result of the training program, INDICOM
Curriculum designers should be able to write, use and
evaluate instructional materials which facilitate the individualization of instruction. These materials should permit
the realization of agreed upon behavioral objectives and
make the most efficient usc of the RCA Instructional 71
Computer System and any other appropriate instructional

media.
Accomplishment of these objectives requires that the
designers acquire: a sound knowledge of learning theory;
and overview of CAl which includes the state of the art, its
potentialities, advantages and limitations; an acquaintance
with the literature of CAl; and encoding knowledge of
appropriate computer languages.

after he has completed a prescribed course of instruction.
Well-stated objectives describe under what circumstances
and to what degree of perfection the desired behavior will
occur).
Implicit in the systems approach to curriculum
construction is the assumption that subject matter can be
taught most efficiently by first determining the ultimate
learning goal or the terminal objective and then planning a
system of intermediate instructional objectives incorporating the prerequisite learning accomplishments that lead to
the terminal objective. An effective instructional system
avoids teaching what is already known. At the same time it
should not hold the assumption that the learner has
attained prerequisite skills, but rather assesses the student
to determine his level of accomplishments.
Obviously then, criterion tests to determine when an
objective has been accomplished and prerequisite tests
facilitate the task of planning an effective instructional
system. Therefore, having learned to develop objectives for
the system, the next consideration was the construction of
tests to assess the [earner's accomplishments.
Before specific units of Computer Assisted Instruction
could be written, there were a number of other decisions
the teachers had to learn to make:
1. Should the program attempt to teach basic concepts or
should the program provide reinforcement of concepts
taught by the teachers (drill and practice or tutorial)?
2. In terms of instructional programming, what strategies
are desirable for the instructional task and possible within
the liminations of the hardware? Possibilities to consider
included:
a. One track linear rou tines
b. One track linear routines with remedial and advancement loops
c. Multi-level linear strategies
d. True branching programs
e. Inquiry or dialogue strategies
f. Or some combination of these
3. Will audio or visual enhancements be needed?
4. How will the program fit within existing curriculum?
5. Should the program be self-contained or require
classroom reinforcement?
6. What kind of supplementary materials will be required;
What is available?
Of course in order to make these decisions, the teachers had
to be trained in instructional programming strategies, the
capabilities and constraints of the RCA 1-71 system, and
the ISL languages.

6.2 The training program
The INDICOM training program began and continues as
a series of workshops conducted by the INDICOM staff and
selected consultants. The teachers, who were selected for
their subject matter knowledge as well as their expertise in
the classroom, worked in design teams according to
academic interests. Time and ample materials were provided
for independent study and the teams were encouraged to
consult subject matter experts of their own choosing. The
Core staff continued to meet with the individual teams as
reqUired for consultation and direction.
Considered first in the training program were the
techniques of curriculum construction. Following an
onentation to the systems approach and its application to
education, the teams were trained to write behavioral
objectives as the initial step in curriculum design.
(Behavioral objectives tell what a learner will be able to do

6.3 Practice with development of materials
The basic principles of designing paper and pencil
programmed instruction were the basis of the training in
instructional programming strategies. Added to the usual
considerations of writing programmed instruction (individual frame construction, sequence of frames, kinds of
responses required etc.) were the concerns of making most
efficient use of the computer system in terms of storage
capacity, computer response time, time-out for the student,
lesson length, student and teacher feed-back.
Though ideally, instructional computer systems should
meet the needs of the instruction, the fact is the instruction
must fit within the constraints imposed by the computer
system. While it is not necessary that curriculum authors or
instructional programmers become sopthisticated computer
programmers, it is imperative that they become acquainted
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with the constraints of the computer system. They must
learn the kinds of strategies the computer can handle, the
trade-offs involved in complicated procedural programs,
and other factors that affect computer efficiency. In the
lND[COM Project, this was accomplished in several ways.
First, the teachers were instructed in the gross functions of
the computer system, and were taught to use ISL-l
Language (a very limited language designed primarily to
handle the L.W. Singer math drill and practice routine)**
Then the design teams were given the go-ahead for
designing procedural programs for handling their curriculum materials. When the teams were satisfied with their
design, consultation with the IND[COM Instructional
Technologist explained the full implications of the desired
procedure. In some cases, the system simply could not
handle what the teams wanted. In most cases, a
compromise was reached so that the basic design was that
of the curriculum authors with some variation to achieve
maximum efficiency on the system. (The INDICOM
Instructional Technologist worked with RCA in designing
the Instructional Il language for the 1-7[ system, and the
designers had the advantage of requesting that certain
functions be built into the language).
Letter codes were than written for these procedures. In
working with these codes, the design teams began to
understand better the function of the hardware and the
software.
7. SUMMARY

In summary, as in most practical trainingsituations, it is
difficult to separate formal instruction from the instructional benefits the programmers derived from actual writing
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and testing CAl programs. Objectives of the training
program were accomplished. Often this was a matter of
training, trying, correcting, trying again. The training
program, by no means has ended. Soon the teams will be
involved in revising the instruction as a result of the on-line
implementation of their programs. However, in revieWing
the training efforts and the experience with instructional
programmers who came to the project more recently, the
INDICOM project staff feels that it is now able to train
curriculum authors much more efficiently and to suggest
guidelines for others who might be undertaking this task.
REFERENCES
Scrivens, Robert W.o 1968. "Different Approaches to Teaching the
Hindu-Arabic Numeration System to Third Graders." Unpublished
Doctoral Dissertation. The University of Michigan, 1968. pp. 22-24.

FOOTNOTES
*The 1-71 system is composed of the Spectra 70-35, the RCA 1600
which handles the audio components, and the PDP-8 computer
which serves as the line concentrator. The system 'is designed to
handle multiple curriculum simultaneously and is capable of
providing audio, graphics, and teletype material simultaneously to
32 terminals.
**It should be noted that taking lessons at the student terminal is
the most effective means of impressing the prospective programmers
with the necessity of rapid systems response as well as the
desirability of providing for ample student involvement in the
lessons by avoiding excess verbiage. It is also most helpful for the
prospective programmers to have the opportunity to test their
lessons on line as soon as possible. Unfortunately, the INDICOM
programmers were writing for a system not yet in existence. They
did have some opportunity, however, to write and test their lessons
on the 1~70 system in the ISL I language.

TABLE I

DESCRIPTION

lNSTRUMENT(S)

In Service Training Program for
Design Team
Writers

Self-Evaluation
Instrument
INDICOM

Production Cost
Analysis (Relate initial
production
costs to subsequent costs.)

Cost Analysis
Formula (INDICOM)

CAl-Elem. Math.
Achievement
Attitude

Mental Maturity
lTBS
SAT
Attitudes (INDICOM)
CAl Pre-Post Growth
Profile Chart (INDlCOM)
CAl Teacher Reports
Socioeconomic Status
Interviews

CAI-EJem. English
Pilot Study for
Harcourt, Brace
& World

Role of Classroom
Teacher

Math Skills
(llth graders)
Spring 69
Purpose to
field test rnaterials and
design course

ADMINISTRATION
SCHEDULE

ANALYSIS AND
REPORTING
SCHEDULE

May 1969

Summer 1969

Summer 69

Summer 1969

Summer 70

Summer 1970

Pretest:
Spring 68

Fall 1969

Posttest:
Spring 69
Pre Fall 69
Post Spring
70

Summer 70

Mental Maturity (Otis
Lennon)
SAT Language Subtests
Overview Test (HBW)
Attitudes (INDICOM)
Socioeconomic Status
Interviews

Pretest:
Feb. 69
Posttest:
June 69

By HBW

Opinionnaire (INDICOM)
MTAI
Interviews

Pretest:
Spring 68
Posttest:
Spring 70

IQ
SAT Math Ach.
Attitudes
Math Skills Test

Spring 69

Summer 69
Summer 70

Pre Fall
Post June
70

Summer 70

Summer 69
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lQ
SAT Math Ach.
Attitudes (SCAMIN)
Math Skills Test
Absence Record
Past Grades
Interviews

Pretest Fall
69
Posttest
Spring 70

Nagel: Define
cognitive and
affective
characteristics
of successful
CAl Learners
(Doctoral Candidate at MSU)

ITBS
IQ
SCAMIN (Attitude)
CPQ (Personality)
Creativity Test
CAl Math Posttest
Scores

Spring 69

SummerFall 69

Parent Opninion

Questionnaire
(INDICOM)

May 69
May 70

Summer 69
Summer 70

Other INDICOM
DEVELOPED CURRICULUM.

Pre & Post
Measures Developed
by writers

Varied

Summer 70

Communication
Skills
10 -12

lQ
SAT Lang. Skills
Attitudes (SCAMlN)
Diagnostic Test
Absences
Grades
Interviews

Fall 69 Pre

Rem. Read.
10-12
Adults

Stanford Diagnostic
Reading Test
Otis Lennon Mental
Maturity

Math Skills
(lO-12th graders 1969-70)

Summer 70

Spring 70
Post

Summer 70

Fall 69

Summer 70

Spring 70

Table II
GROUP

CAI-EE
Control I
Control II

(N=68)
(N=42)
(N=77)

GRADE SCORES
Pre
4.2
4.7
4.1

Post Gain
4.9
5.0
4.4

+.7
+.3
+.3

Variance Around
Expected Gain'
+ .3
-.1
-.I

'" In months - over a 4-month testing period

In preparing this table, Harcourt, Brace & World used the Language subtest scores from the Stanford Achievement Tests and
converted raw scores to grade scores.
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TRAINING

CLASSROOM

INSTR VCTI ON AL

TEACHERS

AS

PROGRA M M ERS

R. Arnold and R. Penny

1. INTRODUCTION
3. THE TRAINING PROGRAM
CAl experts are few. Expert CAl writers are fewer.
Major efforts heretofore have been at the university and in
industry, although significant work in public school CAl
has been conducted at Stanford University and Project
GROW in Philadelphia. However, no other project has
undertaken to train as many CAl authors as INDICOM.
Since its inception in 1967, the INDICOM Project has
trained 42 full-time teachers as authors of Computer
Assisted Instruction. The more than 1,200 lessons these
teachers have written in the ISL II language are being
implemented and evaluated on the projects Instructional 71
computer system.
These lessons range in intricacy from short, simple
demonstration units to semester length programs of
tri-leveled tutorial instruction. Some are strictly linear
programs for teletype presentation, while others require
gaming and inquiry techniques and utilize the audio and
graphic capabilities of the 1-71 system.
Although the ultimate value of the training program
will be judged by the effectiveness of the CAl instruction,
at this point we do know that teachers can be readily
trained in the skills, learning theory, and computer
technology that appear requisite to developing CAl.
Computer Assisted Instruction exists more in theory
than in practice; at best, it is still an embryonic science. Of
necessity, the training program that brought our authors to
what we consider a high level of sophistication in CAl was
developed empirically.
At this point, the INDICOM Project probably has had
as much or more experience training programmers as any
other organization, and certainly the project personnel has
an ample supply of hindsight in this respect. With these
qualifications to our credit then, we offer this outline of
the lNDICOM training program;

3.1 Concept of the training
The INDICOM training program began and continues as
a series of workshops conducted by the INDICOM staff and
selected consultants. The teachers, who were selected for
their subject matter knowledge as well as their expertise in
the classroom, worked.in design teams according to their
academic specialtyv Time and ample materials were provided for independent study and the teams were encouraged to consult subject matter experts of their own
choosing. The core staff continues to meet with the
individual teams as required for consultation and direction.
Considered first in the training program were the
techniques of curriculum construction. Following an
orientation to the systems approach and its application to
education, the teams were trained to write behavioral
objectives as the initial step in curriculum design. (Behavioral objectives tell what a learner will be able to do after
he has completed a prescribed course of instruction.
Well-stated objectives describe under what circumstances
and to what degree of perfection the desired behavior will
OCCUL)

Implicit in the systems approach to curriculum construction is the assumption that subject matter can be
taught more efficiently by first determining the ultimate
learning goal or the terminal objective and then planning a
system of intermediate learning objectives that lead to the
terminal objective. An effective instructional system neither
teaches what is already known nor assumes the existence of
prerequisite knowledge; it assesses the student to determine
his level of accomplishments. Criterion tests to determine
when a learning objective has been accomplished and
prerequisite tests are essential to effective instructional
systems. Therefore, the next consideration in the author
training program was test construction.

2. TRAINING OBJECTIVES

3.2 Other requirements
As a result of the training program, INDICOM
curriculum designers should be able to develop, use, and
evaluate instructional materials which facilitate the individualization of instruction. These materials should permit
the realization of agreed upon behavioral objectives and
make the most efficient use of the RCA Instructional 71
(I-71) Computer System and any other appropriate
Instructional media.
Accomplishment of these objectives requires that the
designers acquire a sound knowledge of learning theory; an
overview of CAl which includes the state of the art, its
potentialities, advantages, and limitations; an acquaintance
with the literature of CAl; and encoding knowledge of
appropriate computer languages.

There were a number of other decisions the teachers
had to learn to make before writing specific lessons.
3.2.1 Should the program attempt to teach basic concepts
or should the program provide reinforcement, drill,
and review of concepts taught by the teachers (drill
and practice or tutorial? )
3.2.2 In terms of instructional programming, what strategies are desirable for the instructional task and
possible within the limitations of the hardware?
Possibilities to consider included;
a. One-track linear routines
b. One-track linear routines with remedial and
advancement loops
c. Multi-level linear strategies
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3.2.3
3.2.4
3.2.5
3.2.6

d. True branching programs
e. Inquiry or dialogue strategies
f. Or some combination of these
Will audio or visual enhancements be needed?
How will the program fit within existing curriculum?
Should the program be self-contained or require
classroom reinforcement?
What kind of supplementary materials will be
required; what is available?

To make these decisions intelligently, the teachers had first
to be trained in instructional programming strategies, the
capabilities and constraints of the 1-7I system, and the ISL
languages.
To the usual considerations of writing programmed
instruction (individual frame construction, sequence of
frames, kinds of reponses required, etc.) were added
concerns of making most efficient use of computer system
in terms of storage capacity, computer response time,
time-out for the student, lesson length,student and teacher
feed-back.
While it is not necessary that curriculum authors
become sophisticated computer programmers, it is imperative that they become acquainted with the major
functions of the computer system, the kinds of strategies
the computer can handle, the trade-offs involved in
complicated procedural programs, and other factors that
affect computer efficiency. This objective was accomplished by several means. First, the teachers were given
information by the major functions of the 1-70 computer
system, and were taught to use the ISL 1 Language (a
limited language designed primarily to handle routines
similar to the L.W. Singer Mathematics Drill and Review
Program.)*

*It should be noted that taking lessons at the student terminal is the
most effective means of impressing the prospective programmers
with the necessity of rapid systems response as well as the
desirability of providing ample student involvement by avoiding
excess verbiage. It is also most helpful for the prospective
programmers to have the opportunity to lest their lessons on-line as
soon as possible. Unfortunately the INDICOM programmers were
writing for a system not yet in existance. They did have some
opportunity however to write and test lessons on the 1·70 system in

the ISL-Ilanguage.
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3.3 The design phase
After practice coding linear programs in ISL-l, the
design teams began designing procedural programs for their
own materials. When the teams were satisfied with their
designs, they consulted with the INDICOM Instructional
Technologist who explained the full implications of the
desired procedures. In some cases the programs were
entirely impractical, but in most instances a compromise
was reached that retained the basic design of the curriculum
authors with some v'ariations to achieve maximum efficiency
of the 1-71 system. Letter codes were then assigned to the
subroutines in the procedural programs. Working with these
codes, the design teams' understanding of the functions of
the hardware and software has grown. The INDICOM
Instructional Technologist has worked with RCA in
designing the ISL II language and designers had the
advantage of requesting that certain functions be built into
the software. However, the ISL II language is still not
completed so that the INDICOM Instructional Technologist
has had to program the curriculum procedures in a basic
assembly language.
4. SUMMARY
Objectives of the training program have been accomplished. Often, despite systematic preplanning, the training
of the first group of teachers was a trial and error process.
However, in view of success in training teachers who joined
the project more recently, the INDICOM core staff feels
confident that it is able to train curriculum authors
efficiently and to suggest guidelines for other school
systems.
The specific objectives and training activities of the
INDICOM program are outlined in the charts on the
following pages.

TOPIC

OBJECTIVES

RESOURCES AND ACTIVITIES

SYSTEMS APPROACH TO CUR·
RlCULUM DEVELOPMENT (Instructional decision making)

The design team members will be
able to:
Define the systems approach
Explain the implications the systems approach holds for education
in general
Explain the distinct advantages CAl
has for implementing a systematic
approach to K-12 education
Use the systems approach to design
instruction:
Construct and justify a systematic
ordering. of skills, knowledge, understandings and behaviors to be
used as a gulde for writing instructional units in his areaof concentration.

Orientation and workshop, Dr.
John Childs, Wayne University,
consultant
Credit class through Wayne university
Benjamin S. Bloom, Taxonomy of
Educational Objectives, the Classification of Educational Goals, Handbook I - Cognitive Domain, David
McKay ce., New York, 1956
Taxonomy of Education Objectives, Handbook II - Affective
Domain, David McKay Co., New
York,1956
Jerome Bruner, The Process of
Education,
Harvard University
Press, Cambridge, 1960
Robert Gagne, The Conditions of
Learning,
New
York,
Holt,
Rinehart-Winston. Inc. 1965
lean Piaget, The Origins of InteJli.
gence, International Univ. Press,
New York, 1964
David Engler, 'Systems Approach
Spreads from Industry to the
Schools' Nation's Schools, New
York,
October,
1967,
pp.
57-9 + 112

BEHAVIORAL SPECIFICATIONS
OF EDUCATIONAL NEEDS
objectives Intermediate
objectivesCriterion
Behavioral objectives state the specific behavior required under what
circumstances and .to what degree
of perfection the required behavior
will occur

The design team members will be
able to:
Explain the rationale for preparing
behavioralobjectives
Distinguish between non-behavioral
and behavioral objectives
Prepare appropriate terminal behavioral objectives in his area of
concen tration
Prepare appropriate intermediate
behavioral objectives
Prepare criterion tests based on
stated behavioral objectives

staff workshop in which
team teachers worked
through the programmed handbook
by Robert F. Mager, Preparing
Instructional Objectives, Fearon,
Palo Alto, California, 1962
Team and staff critiques of independently written objectives
Credit class through Wayne State
University
Susan Markie film, Programming Is a
Process, University of Chicago,
1967
lames Popham, Eva Baker, filmstrip
and tape series, produced by
Vimcet Associates, Los Angeles,
1965, Twelve titles

TESTING
DiagnosticTesting
Pre-Post testing
Developmental testing
Data Collection

The design team members will be

Terminal

able to:
Select or construct tests to measure
educational needs of intended
audience
Construct valid pre and posttests
for individual lessons, units or
sections of the instructional program

Conduct useful developmental tests
with a meaningful
sample
Specify data to be collected in
student history vector
Interpret data collected in student
history vector to the classroom
teacher and the student

of materials

First

design

INDICOM Research Specialist
Oakland County Schools Testing
Service
Dale M. Brethower, et al, Writing
Programmed Instruction, A Practicum, Ann Arbor Publishers, Ann
Arbor, 1967
Don D. Bushnell, The Computer in
American Education, John Wiley &
Sons, New York, 1967
lames Espich and Bill Williams,
Developing Programmed Instructional Materials, Fearon, Palo Alto.
Robert F. Mager, Preparing Instructional Objectives, Fearon, Palo
Alto, 1962
Susan Markle, Good Frames and
Bad, John Wiley & Sons, New
York,1964
Susan M. Markle, film, Programming
is a Process, 1967
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TOPIC

OBJECTIVES

RESOURCES

PROGRAMMED INSTRUCTION
Operant Conditioning

Design team members will be able
to:
Outline the theory of learning
known as operant conditioning
Explain the rationale of programmed instructionwith reference
to this theory
Outline the Skinnerian and Crowderian theories of programmed instruction, listing the advantages and
disadvantagesof each
Make knowledgeable decisions reo
garding responsemodes taking into
consideration hardware and software capabilities of the 1-71
System, probability of student
error, and the probable learning
advantages of each mode

Credit class conducted by Dr.
Norman Bell, Michigan State Uni.
versity
Dale M. Brethower, et al, Writing
Programed Instruction, A Practicum, Ann Arbor Publishers, Ann
Arbor, 19667
James Espich and Bill Williams,
Developing Programed Instructional
Materials, Fearon, Palo Alto, 1967
Susan M. Markle, Good Frames and
Bad, John Wiley and Sons, New
York,1964
B.F. Skinner, The Technology of
Teaching, Appleton-Century-Crofts,
New York, 1968

Linear Branching
Response Modes Constructed Dis-

crimination

RULEG, EGRUL, ETC.

(·71 SYSTEM

On-line edit

Write examples that illustrate a
variety of frame construction techniques
Write programs using techniques of
frame construction appropriate to
previously
stated
instructional
objectives
Document choice of frame construction techniques
Write effective programmed instruction
Develop a system by which their
own curriculum data. base will be
handled
Develop a frame identification
(item analysis) scheme by which
the computer and author will determine the desired handling technique
Load material on the 1·71 System
Encode materials so that they can
be driven by a testing procedure
program
Use item analysis as a means to
determine the effectiveness of each
frame in meeting the instructional
objectives
Use lesson analysis as a means to
determine the lesson deficiencies
Make lesson revision based on
lesson analysis of test run

11/12

AND ACTIVITIES

Don D. Bushnell, DWight Allen
with Sara Metter, editors, The Computer in American Education, John
Wiley & Sons, New York,1967
Jerome Lysaught; Clarence M.
Williams, A Guide to Programmed
Instruction, John Wiley & Sons,
New York, J 963

Film, Programming is a Process
University of Chicago

'

Staff
Note - The books and articles
listed are those we found most
helpful. They do not represent a
complete bibliography by any
means.

TOPIC

OBJECTIVES

RESOURCES

EDITING

Design team members will be able

Staff Workshops and individual
team consultation with INDICOM
core staff
Other consultants

to:
Edit his own material for content

accuracy

AND ACTIVITIES

Will edit his own material to see
that
1. it has no gaps in the sequence
of instruction
2. it has sufficient instruction and
practice and review to assure
mastery of subject
3. all frames are relevant to instructionalgoals
Will make revisions required as a
result of team or staff edit

COMPUTER HARDWARE
SOFTWARE
General Orientation

AND

Encoding 1-70 System

Design team members should be
able to:
Identify the major components of
the system and in general terms,
listing the gross functions of each
List the data translator codes, their

Workshops, classes, and conferences
with INDICOM programmer and
core staff
RCA Handbooks
INDICOM CAl Laboratory practice

uses and function
Code their own lessons using 1-70
System codes
Indicate and/or design the method
of displaying the text and the

responseof the learner
Specify the reports needed by the
teacher and author to evaluate the
progress of student and the effectiveness of the program
COMPUTER
ASSISTED
INSTRUCTION
Tutorial
Drill & Practice
Inquiry (interaction or Dialogue)

Outline and demonstrate with
examples the three general categories of CAl and the advantages of
each
Explain the hardware and software
constraints that limit the implernentation of tutorial and inquiry
modes
Design instructional units which
utilize the capabilities of 1-71
System

Staff workshops
RCA Handbooks
Hands-on demonstration lessons in
Math Drill and Review program
Credit class conducted by Dr.
Norman Bell, Michigan State University
Don D. Bushnell, Computers in
American Education, John Wiley &
Sons, New York, 1967

COMPUTER HARDWARE
SOFTWARE
General Orientation
Encoding 1-70 System

Design team members should be
able to:
Identify the major components of
the system and in general terms,
listing the gross functions of each
List the data translator codes, their
uses and function
Code their own lessons using 1-70
System codes
Indicate and/or design the method
of displaying the text and the
response of the learner
Specify the reports needed by the
teacher and author to evaluate the
progress of student and the effectiveness of the program

Workshops, classes, and conferences
with INDICOM programmer and
core staff
RCA Handbooks
INDICOM CAl Laboratory practice

AND
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THE

FORMAL

EDUCATION

INTO

INTRODUCTION
SECONDARY

OF

COMPUTER

SCHOOLS

IN

SCOTLAND

B.T. Bellis

J. INTRODUCTION

It is my aim, in this paper, to give an account of the
development of Computer Education in Scotland over the
past five years.· It will be appreciated that I have not
necessarily been personally involved in the experiments,
projects and working parties to which I shall refer - and I
should therefore like to start by thanking my Scottish
colleagues for providing me with the necessary detailed
information. I happen to be presenting the paper because [
am Chairman of the Scottish 'Computers and the Schools'
Commitee. Considerable credit must go to those responsible
for our educational planning for their forethought in setting
lip a national committee, it seems to me that a national
policy on Computer Education for schools is essential for
the seventies - it is too important to be left to chance.
Nevertheless I must make it clear that this is in no sense an
'official' contribution. Any mistakes in reporting are duc to
my own carelessness (or ignorance) - and any hopes for the
future do not necessarily represent the view of my
committee, let alone that of the Secretary of State!
2. BACKGROUND: EDUCATION IN SCOTLAND
I talk of a national committee, so I must give you some
background information which will put OUf activities into
perspective. The population of Scotland is just over five
millions and the four principal cities (Edinburgh, Glasgow,
Aberdeen and Dundee) account for rather more than
one-third of this total. It should be noted that although the
several parts of the United Kingdom can be considered
together for some purposes, Scotland has an independent
educational system. This is by no means unimportant when
we come to consider the development of Computer
Education. The central body is the Scottish Education
Department, the local bodies which administer the
provisions of the Education Acts are termed 'Education
Authorities', and they are concerned with the schooling of
Some 950,000 pupils. Primary schools cover the first seven
years, so that the change from Primary to Secondary
education normally comes at 12-plus, the Secondary
schools provide for the next six years. Since the statutory
School leaving age is at present 15, there is some overlap
between the Secondary schools and the Colleges of Further
Education. The courses in these colleges are more
VOcationally biased than those in the schools, and computer
education in the field of further education is the subject of
a separate appendix. (Appendix I)
A single national body - The Scottish Certificate of
Education Examination Board - is responsible for school
examinations. Examinations at the Ordinary grade in
perhaps eight subjects, are normally taken after four years

of secondary education, and those at the Higher grade in up
to five or even six subjects a year later. Although success in
the latter examination gives entrance to a university, many
pupils stay on at school for a further year - and another
examination the 'Certificate of Sixth Year Studies' has
recently been introduced. Because there is only the one
examining body, syllabus revision takes place nationally on
the instigation of the Consultative Committee on the
Curriculum. Although there is no great need of, or indeed
opportunity for, local initiative in this respect nevertheless
many teachers become involved in national committees or
local working parties - so that the system is more flexible
than may appear at first sight. In addition it has the
advantage that new syllabuses are implemented relatively
rapidly - for example all our schools are now following the
so-called modern mathematics svllabus: indeed there will be
no '0' grade examinations based on the traditional syllabus
after 1972.
One final general point will help to set the scene. The
country is divided into four regions covered by the Colleges
of Education in Aberdeen. Dundee. Edinburgh (Moray
House) and Glasgow (Jordanhill) - and these Colleges of
Education arc the naturalcentres to which teachers turn for
help in keeping up-to-date with their subjects or in taking
up new ones. You will therefore expect to hear more about
the Colleges of Education as [ move on to outline the
development of computer education in Scotland.
3. THE 'COMPUTERS
MITTEE

AND THE SCHOOLS' COM-

It would be wrong to suggest that no Scottish schoolboy
had seen a computer or written a computer program before
1965. However when I was installed as headmaster of my
present school in September of that year, the most widely
reported remark from my speech concerned the possible
introduction of computer education. Little did I suspect,
then, what I had let myself in for! Less than two years
later the then Senior Chief Inspector of Schools called to
see me. Following that interview, I found myself Chairman
of the 'Computers and the Schools' Committee, set up by
the Secretary of State for Scotland. The committee
included school teachers who had taken part in experimental work in 'computer education, people working
with computers in Universities and particularly associated
with school developments, representatives from further
education, commerce and industry and members of the
Inspectorate. We met for the first time in the autumn of
196 7, and by the following summer we had prepared an
interim report for the Consultative Committee on the
Curriculum. This report was published in February 1969. I
understand that it has been widely distributed and many
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will be familiar with its content and recommendations.
(Curriculum Paper 6: 'Computers and the Schools'. Scottish
Education Department: published by Her Majesty's
Stationery Office).
Looking back now to our early discussions, I can only
say that I am still a little surprised by the form of the
report. It was not at all what I had expected. At the outset I
could see the danger in bringing together a commi ttee of
experts for any task such as this. I suspect that a committee
set up to consider 'Chinese Chequers and the Schools'
would be virtually certain to report favourably on its
educational value and to recommed its inclusion in the
school curriculum.
.
Naively - or so it seems now - I imagined that we
might come forward with some tentative recommendation
for a pilot project aimed at providing computing courses for
pupils taking Mathematical Sciences in their last two years
at school. Indeed, I had already introduced such courses in
my own school, and I was confident that such wisdom
could not but be justified! Those of you who have studied
the report will realise that I could hardly have been wider
of the mark.
It is easy enough, now, to see everything from the new
point of view. While we were still in the dark, we were
wrestling with several interwoven problems, they were
recognised, isolated and resolved all much at the same time
in the spring of 1968 and the subtance of the report was
very largely determined at that time. Briefly:(a) We decided against the specialist - mathematician or
data processing manager - looking down from above,
seeing the school as the cradle of the next generation of
experts. This we felt was too limited. Instead we chose the
broader view, looking up through the school and planning
for the education of the whole of the next generation.
(b) We managed to avoid becoming obsessed with
examinations.
(c)We found that most of the words we had been using 'computing" 'computer science', 'data processing' - all
carried overtones which were unacceptable in one way or
another. We agreed that we were all concerned about
'Computer Education' and that 'Computer Studies' was a
sufficiently neutral, and reasonably descriptive, name for a
school subject.

4. RECOMMENDATIONS
Having agreed on the importance of an introductory
course in computer studies as part of the general education
of the great majority of school pupils, we formulated
proposals to achieve this end. These were that the
Introductory course in Computer Studies should be
provided for the 13/15 year old age group - a two period a
week course (for one year) for pupils following Certificate
courses. This would also be appropriate for other pupils
who would have more time available for it. The teaching of
these courses, we suggested, should be undertaken by
teachers of various subjects and that this should not be
thought to be the preserve of teachers of Mathematics.
We highlighted the problems - mainly concerned with
the training of teachers and the provision of access to
computing facilities for schools. We recommended that
three educational computer centres should be established to
aid the development of computer education on a national
basis, and also that the Education Authorities should
continue to develop and expand facilities for computer
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education for their pupils.
These were the main proposals: there is little point in
going into the details of our recommendations for the
computer centres or for the syllabus of the introductory
course in computer studies. They can be seen in the copies
of the report which are available. We kept reference to
hardware to a minimum: had we not done so the report
might well have been out of data before the ink was dry. As
it is, I feel satisfied that the basic thesis remains sound even
though the report was in its final form more than two years
ago.
The publication of the report could hardly have come at
a worse time; educational budgets were being pruned, and
anything to do with computers might well have been
considered a non-starter. What, then, has been achieved in
the last eighteen months? The answer comes in two parts the first concerning local developments, and the second
national policy.
5. LOCAL DEVELOPMENTS
By no means all local development waited on the
publication of the 'Computers and the Schools' report.
Several Education Authorities had begun to arrange courses
for teachers and pupils, using the computing facilities of a
Further Education College, a university, their burgh
treasurer's department or some benevolent local industrialist. These courses were mostly concentrated into
relatively short periods - often at the end of the summer
term, after the examinations. The emphasis was on the
teaching of a programming language for (as I suspect has
been found elsewhere) confidence in programming is much
more readily achieved than the background knowledge
required for the general course in computer studies.
Without minimising the work of other Education
Authorities, several of which have set up their own working
parties, the outstanding development is quite clearly to be
found in Glasgow. The Glasgow Secondary Schools
Computer Centre was opened at Dundas Vale Teachers'
Centre in September 1968; an IBM 1130 system provides
computing facilities for both teachers and pupils. Members
of the Glasgow Secondary Schools Computer Panel have
written a basic course in computer studies using a simplified
programming language TAM and this is now in use in many
Glasgow schools. Other courses are provided at the centre
using ALGOL, FORTRAN or SL.!. In the May/June period
the number of pupils involved in programming courses is
impressive; in 1969 more than 2,000 were following the
TAM course simultaneously. The normal use of the centre
is more limited in terms of numbers but not in scope; a
wide variety of courses is provided - involving 12/13 year
aids, older school pupils, students at J ordanhill College of
Education, and groups of teachers from the Glasgow
schools. More detailed notes are given in the appendiX.
Other local developments have included schools work at
central institutions - and a brief outline of what has been
done at one of these, Paisley College of Technology, is also
included in the appendix. Individual schools have also
played their part; in my own, for example, we have taught
programming (ALGOL, FORTRAN and POP-2) to older
boys in the top mathematics sets for several years. We have on
teletype with an on-line link to the Department of Machine
Intelligence and Perception of Edinburgh University - and
we have also received considerable help from the Regional
Computing Centre, the Heriot-Watt University and the

Bank of Scotland Computer Centre. Fat the past two years
we have given a course in computer studies (two periods a
week) to all boys at the 13/14 year old stage.
6. NATIONAL POLICY
I ought to mention first, that although we are
emphasising the general aspect of computer studies, pupils
taking Mathematics beyond the Higher Grade can a~re~dy
choose 'Numerical Analysis and Computer Programming .as
one of their options in the Certificate of Sixth Year Studies
in Mathematics. At the moment only a handful of. schools
have offered this option, bu. the numbers are likely. to
increase rapidly since this obviously provides teachers with
a relatively painless way of gaining experience of
computing, alongside their pupils.
The four Colleges of Education, to which I have already
referred, have contributed nationally in several ways.
Courses for teachers have been arranged at Aberdeen,
Dundee and Moray House; in addition Aberdeen and
Dundee have been providing a service to schools in their
respective areas - further notes on this are given in the
appendix. The first step in implementing a national policy
came in September and October 1969 when the four
colleges, with the benevolent co-operation of the Inspectorate, arranged six conferences on Computer Education
for headmasters and headmistresses for secondary schools
and directors of education. This gave Mr. J. Nisbet (H.M.I.)
and myself the opportunity of putting the case for the
proposals made in the 'Computers and the Schools'. report
to a very high proportion of those concerned WIth the
planningof the schools' curriculum.
It seems that the colleges will become responsible for
the development of Computer Education on a regional basis
- though not all necessarily following the same pattern.
When the interim report was distributed to secondary
schools, the official covering letter made it clear that there
was no immediate prospect of finance for the three
educational computer centres which had been proposed.
Perhaps the most notable national development, therefore,
is the establishment of the Centre for Computer Education
(Director, Mr. W. T. Beveridge) at Moray House College of
Education. This has been made possible through the
Co·operation of the Edinburgh Regional Computing Centre;
in particular through the enthusiastic interest of Dr.
Thomas (Director) and Mrs. Barritt of E.R.C.C. and Dr.
Mcintosh, Principal of Moray House. The E.R.C.C. provid~s
computer time and other supporting facilities, but there IS
also peripheral equipment at Moray House. It is no accident
that this has been called the 'Centre for Computer
Education' rather than a 'Computing Centre', the aim is to
Cover all aspects of Computer Education. Apart from
arranging courses for teachers, providing a service to
schools, and co-ordinating the development of teaching
aids, the staff of the centre will co-operate with other
departments of the college (e.g, C.C.TV and Programmed
Learning) in order to cover as many aspects as possible. One
member of staff, Mr. P. J. Barker, is particularly concerned
With the Computer Assisted Learning project in which
Moray House is working closely with the Department of
MaChine Intelligence and Perception of Edinburgh University (Professor D. Michie and Dr. J. A. M. Howe) together
with Daniel Stewart's College (Latin), George Heriot's
School(German) and Sciences School (Arithmetic).

7. FUTURE PROSPECTS

It is too early to say how the work at Moray House will
develop, or what the future holds for the other three
Colleges of Education. As far as the schools are concerned,
it is evident that there is already considerable interest in
Computer Education - the available computing facilities
are not yet overstrained, though they will not, of course,
stretch indefinitely.
My committee is keeping a watching brief, and at
present we are looking into the relationship between
Computer Studies and other subjects which ought to reflect
these recent developments.
Opinions differ on whether we should aim to establish
an examination (say at Ordinary grade) in Computer
Studies. At the moment I tend to the opinion that apart
from the two period a week introductory course, we should
not seek to establish computer studies as a subject in its
own right. It is essentially a service .subject - albeit an
important One which should form part of the general
education of the majority of our pupils. 'Status-seeking'
might well defeat its own ends for Computer Studies could
then only become one of many options - an option which
would necessarily be denied to a great number of our pupils
who are already faced with an impossible range of subjects
claiming their attention. My own hope, therefore, is that we
shall see an element of computing in Ordinary' Grade
Mathematics, a 'data-processing' option in the range of
commercial subjects, a paper in 'statistics-with-computing'
and so on.
Although many of us have expressed impatience,
compu ter education is developing rapidly in Scotland _
certainly as judged by the normal time-scale for educational
innovation. Being prepared six months in advance it may be
that this paper is out-of-data at the August 1.F.I.P.
conference. If so, then it gives cause for pleasure - for this
means that developments have been more rapid we dared to
hopei

Appendix 1.
FURTHER EDUCATION
(Notes provided by T. Crippin H.M.I.)

1. Background
Further Education caters for students who have left secondary
school at the statutory school leaving age (15) or later. Some pupils,
especially university candidates, stay on in school up to about .the
age of eighteen. Further education provides full-time Of. part-time
education with a more vocational bias than schooleducation. Many
of the part-time students are in employment and attend a furth?r
education college for one day a week or for a block of weeks In
order to undertake education -appropriate to their employment.
There are also part-time evening courses.
.
Full-time day courses are usually being taken by students .I!~~r to
employment and may be degree or diploma courses or more
elementary courses.
The majority of students in further education colleges are,
therefore, between the ages of 15 and 21 or 22, but a fair number of
evening students and a smaller number of day students are
considerably older than this.
2. Universities
Four of the eight Scottish universities offer courses leading to
Honours degrees in Computer Science or similar; two of them also
offer Ordinary degree courses. Five universities offer shorter
computer courses of roughly one year's duration as part of courses
for degrees in other disciplines. Courses for post-graduate students
are availablein four universities.
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3. Colleges of Further Education
Courses for programmers, designed by City and Guilds of
London Institute, have been offered during the last five years by
three or four Scottish colleges. The N.C.C. Basic Systems Analysis
course (six weeks full-time) has been offered by two colleges. This is
now available in other versions involving shorter full-time 'blocks' of
attendance but amounting to the same time overall.
In addition to these courses which arc available nationally in the
United Kingdom, there are other courses for practising computer
personnel, that are particular to Scotland.
The Scottish Council for Commercial, Administrative and
Professional Education (S.C.C.A.P .E.) set up a Working Party some
five years ago to consider education in computer studies. As a result
of the activities of this Working Party (now a Standing Committee),
a six-months full-time (sandwich) course leading to the examination
for the Diploma in Systems Analysis and Design was launched. This
was probably the first award in this field by a national examining
body. The award is at post-graduate level and has been offered at
two colleges.
The same body in 1968 launched the Scottish Higher National
Certificate in Data Processing, a course for part-time students; this is
and is proving very popular.
offered at four colleges in 1969
At a lower level S.C.C.A.P.E. has designed a course for computer
operators which is offered at a number of colleges.
S.C.C.A.P.E. is one of the four examining bodies - the others
are C.G.L.I., R.S.A., and the B.C.S./N.C.C. Systems Analysis Board
- whose awards are endorsed by the United Kingdom Coordinating
Committee for Examinations in Computer Studies. The U.K.C.C.
which met early in 1968 was set up coordinate courses and
examinations for practising computer personnel with the object of
avoiding wasteful duplication of provision and effort.
One college in Scotland has started this year a special course:
leading to Part I of the B.C.S. professional membership
examination.
In addition to the courses described above there is a
considerable amount of activity in education for people who require
at least an appreciation of computer techniques. It is only possible
to describe a few of the courses which are specifically aimed at
those whose work is closely concerned with that of a computer
installation although not part of it.
S.C.C.A.P.E. has two courses Computer Studies I and II at
appreciation level which can be taken as optional subjects by
students following courses for the S.N.C. and S.H.N.C. in Business
studies respectively.
The Scottish Association for National Certificates and Diplomas
(SANCAD) is responsible for National Certificates and Diplomas in
the engineering, technical and scientific fields. The first course with
computer content began in 1963 when the Ordinary and Higher
National Certificate scheme' in Mathematics was launched, this
scheme includes computing applications in statistics and numerical
analysis. New syllabuses are being worked out which will give
students the opportunity of a considerably more computer oriented
course.
In 1967 SANCAD launched an 80-hour course, Computer
Studies (Technological) open to holders of an O.N.C. in any
scientific or technical discipline, the purpose is to make students
aware of the potential of computer in industry and the course
includes some scientific programming.
There are, also, computer courses specially designed to
supplement H.N.C. in Mathematics and in Applied Physics.
w1970

4. Education of Teachers
Computer Science as a specialist subject is available to students
for the full-time Diploma in Commerce, this course is recognised as
a preparation for a Teaching Qualification (Secondary Education) in
commerce. In addition a number of colleges of further education
are helping school and further education teachers in service to gain
knowledge of computer studies through special courses.

5. Installations
There are now six computer installations for teaching purpose in
colleges of further education in Scotland. Three of these are I.c.L.
4120 installations, one Elliott 903, one I.C.L. 1901S, one IBM 1130
and most of them have tape or disk and printer facilities. Colleges
have been co-operative in processing programs for students in other
colleges and in schools. One college has run residential courses for
school pupils from a wide area of the West of Scotland.
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GLASGOW SECONDARY SCHOOLS' COMPUTER CENTRE
Appendix 2
(Notes provided by I. D. Watt, Adviser in Mathematics, Glasgow
Corporation)
Following three years' preparatory work, the Gla;gow Secondary
Schools' Computer Centre was opened in September 1968. It forms
part of the Dundas Vale Teachers' Centre which is housed in a
former school building, in the centre of the city. An IBM 1130
provides on-site computing facilities for both teachers and pupils.
To data, this is the only computer in Scotland which is dedicated
to schools work. Nominally the morning and afternoon sessions are
each of 2~ hours duration; in practice the centre is open some
12-14 hours daily on five days each week, sincefhe time-tabled
daytime classes are followed by informal 'twilight courses' Two of
the ten daytime sessions are used by the College of Building, leaving
eight school classes which are all thought of as experimental at
present. The classes cover virtually every stage from the first year
secondary (12/13 year olds) to the final (sixth) year. Some classes
contain pupils from one school only; others contain pupils from as
many as six schools. The size of class is normally kept at about 20:
some go above this, but 16 is thought to be an ideal size. The
courses are planned to include general background study about
computer systems, equipment, applications and the impact of
computers on society as well as the study of a programming
language.
FORTRAN, ALGOL and SLI are in use as well as TAM. a
purpose-built teaching language which was devised specially for lise
in Glasgow schools. Members of the Glasgow Secondary Schools
Computer Panel first met in 1965, rind with the co-operation of
Strathclydc University prepared an elementary course in computer
studies based on TAM which was class-tested and revised before the
computer centre came into operation. By the end of 1969 it was
estimated that over 400 teachers had attended TAM-based courses
and some 300 had gone on to 'advanced programming'. Teachers'
courses, of one evening (2~3 hours) per week, generally lasted from
10 to 20 weeks and following these the teachers were encouraged to
join working groups. It is perhaps worth noting that although several
of these teachers have moved to Canada only one has been lost to
industry.
The Computer Panel and the FORTRAN Panel are currently
working on further material for schools use, extending the subject
outside the mathematics/science field. The staff of the Centre (one
principal teacher and three assistants) are coping with a wide range
of work for a very modest financial outlay. It seems likely that the
figure of 2,000 pupils following TAM courses in May/June 1969
could well be doubled in 1970, while at the same time much is being
done to put computer studies on a more regular footing in Glasgow
schools.
SCHOOLS COURSES AT PAISLEY COLLEGE OF TECHNOLOGY
Appendix 3
(Notes provided by T.J. Gaskell, Head of the Department of
Mathematics)
The policy of the College has always been that the computer
should be used to the maximum possible effective extent. Every
student in the College itself receives programming lectures. In
addition time on the computer is made available to schools in the
West of Scotland. It is the wish of the College that this should be
used to help implement the national policy with regard to the
introduction of computer studies and to provide facilities for
computer-programming for the Certificate of Sixth Year Studies. Up
to the end of 1969, the arrangements made with schools were
relatively informal. Until that time there had been two courses for
teachers and pupils from schools in the West of Scotland outwith
the Glasgow area, and one in-service course on behalf of Jordanhill
College of Education. In all some 80 pupils and 50 teachers have
attended these courses, following which a number of schools have
been allowed to develop quite freely their association with the
College computer unit. To give some idea of the work covered,
during the first two weeks of October 1969 nine batches of work
from five different schools gave a total of 97 programs - with a
total running time of 2 hours 5 minutes. During this period, three
visits to the computer unit were arranged for local schools. It is
expected that this work will continue to expand.
It is noted that so far most of the interest has come from
teachers of Mathematics, preparing for the Certificate of Sixth Year
Studies course in 'Numerical Analysis and Computer Programming';

It is suggested that it will possibly be difficult to bring about any
change unless a senior member of staff is appointed to the College
of Education to organise in-service training and to encourage the
development of, and interest in, more widely based courses in
computer studies.

SCHOOLS WORK AT ABERDEEN AND DUNDEE
COLLEGES OF EDUCATION
APpendix 4
(Notes provided by W_ T. Beveridge - Aberdeen, and A. W.
McMeeken - Dundee)
Aberdeen
.
The Mathematics Department of Aberdeen College of Education
has provided courses for teachers, and a service to pupils, using its
own teletype and the computer at Robert Gordon's Institute of
Technology. In the .summer of 1968 programming courses were
offered in FORTRAN or ALGOL; and in 1969 a course in ALGOL
together with Computer Appreciation aimed at covering all 3rd and
6th year work. Sixteen teachers took each course, and in 1969/70
forty teachers (almost all Mathema tics) attended an in-service course
of two hours per week. Following on the programming courses, a
service was established for twelve schools in the area. In its first year
in an average month, 70 programs were run for Sixth Year pupils;
notes on unusual errors were sent to the teachers and uncorrected
programs were returned to the pupils. At a lower level (3rd-4th
year) 333 programs were run, debugged, run again and returned to
the schools. The lecturers keep in close touch with the schools and
they also arrange school visits to the computer unit when required.
Courses in Computer Appreciation for graduate students at the
College of Education have also been arranged; 25 students in
1968/69 and 40 in 1969/70.

Dundee
As far back as 1963 Dundee College of Education, in
co-operation with the University of Dundee, provided courses in
compu ter programming as part of their residential summer school in
mathematics. At that time the University possessed a Stantec Zebra;
this was replaced by an Elliott 4130 in 1968. Since then courses in
programming have been integrated within the College mathematics
course, for graduates training to become mathematics teachers. In
1968 a programming course was arranged for Clackmannanshire
teachers, and in 1969 a two-week residential course was provided
for senior school pupils. The College has two teletypes and one
printing card punch, as well as access to equipment at the
University.
'Computer Appreciation' is now included in the CoUegecourses
for students in Commerce, Technical Subjects and Mathematics; the
mathematicians also take Numerical Analysis and Computer
Programming. In-service courses are provided [or teachers both in
programming and in computer studies; some are part time, others
residential. Two further residential courses were arranged for school
pupils in 1970. At the same time, the College Mathematics
department is acting as a 'clearing house' for the processing of
programs submitted by teachers in the area. This service involves
acceptance of programs by post: preparation of cards or tape:
running of programs and correction of errors; return of processed
programs by post.
Future plans include an extension of the service to schools in
Fife and Clackmannanshire, further residential courses for pupils,
and (not least) the provision of an optional course in Computer
Appreciation to be available for all graduates entering the CoJIege.
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A ONE YEAR COURSE ON EDP FOR
GRADUATES OF AUSTRIAN GRAMMAR SCHOOLS
A. Berger

J. PRELIMINARY REMARKS
1.1Different ways of teaching data processine
Two years ago; the first step was taken by the Austrian
Ministry of Education to introduce the subject "Elements
of Electronic Data Processing, with exercises". For this
purpose an IBM-I440 was rented and the subject was
taught as an optional subject at the Secondary Technical
and Commercial Schools (advanced level), for two periods a
week.
During the first two years - which was a sort of experimental stage - it was up to the instructor as to whether he
taught an assembler language, or a high-level language, or
both.
Very soon, two different pedagogical principles were
extensively discussed, especially at the commercial schools.
Let me describe these principles in their extreme forms, in
order to work out the important points.
To the one group of experts, the computer is a tool for
solvingproblems in a minimum of time. Therefore, any way
of using the computer which is contrary to this principle
must be avoided as far as possible. Even during the training
stage it must be made clear again and again what a lot of
work the computer can take over from the user, especially
if programming is done by means of a high-level language.
The other - we could almost say, opposite group - sees
it in a different way: just as any other tool, the computer
can only be fully exploited if its working method is
thoroughly understood. Thus, school has to teach the fundamental knowledge on which the student can build up his
later practical experience. And there is nothing better for
the understanding of the structure, the working method
and the operational characteristics of a computer, but introductory machine-oriented programming.
Of course it will be necessary to combine the two
aspects to from a workable synthesis; and therefore both
aspects are being included in plans for furter training
schemes.
It was also soon realized that an important problem has
remained unsolved, namely that of EDP organization.
Hitherto the student has been informed about the
fundamental principles of organization, but when working.
On the machine. However, one had to fall back on
simplified basical problems which completely failed to
show the student how to proceed even to the rudiments of
integrated data processing. In short, what we are still
missing is the didactic method of combination between
organizing and programming. This problem is made even
more complicated by the facts that:
a) instruction time is very short;
b) there are only very limited facilities to train enough
teachers in that difficult subject matter; and

c) above all, that job-oriented programs are much too
complex if they are to allow the ideas of a new
organization to be understood.
1.2 State of the art
The. data processing course offered to the students
comprises several weeks of theoretical preparatory work
followed by a study excursion to the machine, where, in
group-work, the programs that were previously discussed
are punched, compiled, tested and processed. The students
usually work with keen interest. Splitting into groups is
made possible by the fact that, at the machine, 2
instructors and 2 assistants are available to the teacher of
the visiting class. This team constantly keeps the machine
running and it is also their task to provide programs of
educational value. At present about 100 different programs,
mathematical as well as commercial, are available to the
teachers. The colleagues. teaching at the various schools
have been informed about the programs und, upon request,
problem analyses, block diagrams; code lists and check lists,
are made available to them. No teacher, however, is
compelled to make use of those particular programs. In
many cases, the prepared programs are considered merely as
suggestions, and many a nice problem has been worked out
and handed over to us by colleagues and even by interested
students; such problems are being incorporated into our
stock and may be used again by all visitors.
Apart from the instruction of students the machine is
also used for the further training of teachers. During the
past 2 school years, a continuation course on "The
programming of electronic data processing machines" for
teachers of commercial subjects and mathematics at
intermediate and secondary technical and vocational
schools was held once a week, half-day. This resulted in an
increasing number of qualified teachers, and thus the
instruction of students could be intensified; in the past
school year 1968/69 no less than 2,643 students could be
instructed in 166 groups. Besides, 50 visits were paid to the
machine by individual teachers who did more extensive
preparatory work.
1.3 Educational principles
Whereas, in the first year of data processing instruction,
the teachers had tried to use individual teaching methods, it
could be observed in the 2nd year that certain guidelines
were followed, which could be worked out because the
team of instructors at our computer centre had
accumulated a central pool of experience.
The following educational principles could be
.
worked out:
1.3.1 It is a great advantage to pay a first visit to the EDP
machine at a very early stage. It is not necessary for
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the students to have any preliminary theoretical
knowledge. The machine as a working system should
create as much as a first impression. The students
will realize the three functions of input, processing
and output; he can see an external magnetic storage
unit in operation; he will learn terms like "compiling
a program" and "funning a program". Computer
games will give him a first impression of calculating
speed and versatility of EDP equipment. In his
theoretical instruction the teacher can, within the
next few weeks, refer to the impressions gained and,
by means of his words of pictorial material he can
revive certain scenes of that first visit in the memory
of the students.
1.3.2 When teaching a programming language (this applies
also to an assembler or a higher language) it is
recommended to start, wherever possible, from a
simple, concrete problem, which should immediately
be programmed. In the most primitive case, a simple
list program can be written by means of only 4
orders, namely: input, moving, printing and
branching. Each statement that has been newly
learnt should immediately utilized in a further
problem. In that way, the student will gain insight
not so very much into the incoherent vocabulary of
the language used but rather into the logical
sequence, which is much more important. Thinking
in flow charts is to receive first priority.
1.3.3 For a problem that
is posed by starting with an
advanced programming' Ianguage, or with an
assembler, there is no general solution. The following
methods, however, appear more and acceptable:
Where chiefly commercial problems are to be treated
(more accurately, where establishing and evaluating
of files is concerned), the way from the assembler to
the advanced programming language would appear to
offer more advantages. For the efficient making of
keys; for the choice of the appropriate way of
storing, a thorough knowledge of the machine is
indispensable. The necessary insight can only be
gained by means of an assembler. With predominantly mathematical problems, however, things are
entirely different. In this case, the student should be
able to transfer, without much change, into the
symbols of the programming technique. This can be
materialized by means of a mathematical, and
high-level language. Later on, an assembler could be
used for the explanation of the processing details,
thus giving a full survey of all kinds of programming
technique.
1.4 The further employment of the EDP equipment in the

Vienna training office
Although the EDP equipment in the Vienna training
office has been installed primarily with a view of instructing
students and teachers, certain jobs in connection with
administrative and organizational problems of the Ministry
of Education could be executed.
Outstanding among these jobs was the establishment of
a central data file concerning schools and teachers. The
most important data of all intermediate and secondary
schools, as well as of the teachers at those schools, were
coded and stored on discs. Evaluation of the data pool with
a view to certain characteristic features (e.g. age structure
of teachers of certain subjects) provides valuable informa-
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tion about problems of educational politics. Even detailed
individual questions asked by the school authorities can
easily be answered. It is considered to further develop that
data bank.
Apart from that work, the statistical survey of the
intermediate and secondary commercial schools, which is
being edited by "Osterr. Statistisches Zentralmat", was
programmed and processed on our equipment last year. In
the next year, this work is to be repeated and extended to
further school types.
Carrying out such orders enables the staff to keep in
touch with practical working conditions, not to mention
the value of the work to the school authorities. The
experience gained will again promote scholastic and
educational work.
2. A CURRICULUM OF A ONE-YEAR COURSE ON
ELECTRONIC DATA PROCESSING AND INFOR·
MATICS
FOR GRADUATES OF AUSTRIAN
GRAMMER AND OTHER SCHOOLS OF SIMILAR
LEVEL.

2.1 Developments
The development in the field of electronic data
processing in all advanced countries of the world has proved
that organizational systems can be built up only by
well-trained experts. The mere programming man, even if he
has gained his experience within the business establishment
concerned, may not be fully aware of all the methods and
possibilities of data processing and development of new
structures that have been developed within the past few
years and that have been awarded the term "informatics".
Apart from this, he is hardly conversant with the problems
to be solved.
The necessities of practical work have brought about a
new profession, which, however, is already splitting up into
several groups, e.g., system analyst, information analyst,
system designer. Although it mostly does make sense to
differentiate these groups in practice, this is not always
possible with regard to instruction and training because it is
the personal activity ana initiative that leads to those specialized forms of professional work.

2.2 Objective ofInstructions
It is the objective of the planned course to give the
student the theoretical and practical knowledge that
enables him to cope with the tasks of an information
analyst or programming manager with full understanding of
the structures to be treated.
In formulating the objectives of instruction, special care
has been taken not only to consider commercial but also
technological and administrative aspects. It is being planned
to split up the one-year course, during its final period, into
three special fields of instruction, viz., a commercial branch, a
technological branch, and an administrative branch.
There will be 35 periods per week.
As a first draft, the following curriculum is being
submitted:

I.
2.
3.
4.
5.
6.

Fundamentals of business administration
Accounting and costing
Theory of organization
Introduction into data processing
Programming with exercises
Data processing workshop

4 periods/week
5
3
3

7
8

7. Mathematical fundamentals (including operational statistics and
operational research)

5
35 periods/week C

Total

Of the abovementioned 7 points, Nos. 1,2,3 and 7, are
being explained in detail in the annexure. About Nos. 4 and
5, no details are given in the first draft because the general
content is obvious from the mere name of the subject. Item
No.6 requires thorough discussion with representatives of
the business world.
The basic condition for the admittance of candidates to
these courses will be the "reifeprufung" (Austrian
certificate of education, advanced level) taken at a general
or technical school, advanced level. Apart from this, each
applicant has to take an aptitude test. After some initial
contact during lessons, an advisory talk will be made with
each individual students, the minutes of which must be
taken down in writing, and in the course of which the
student may be recommended to leave the course if
difficulties of any kind should have arisen.
Additionally, applicants without a "reifepriifung"
may be admitted as guest students, on the condition that
they have passed the aptitude test with very good success.
Such students, however, are required to take an additional
examination in mathematics after four months at the latest;
having passed it they will be accepted as regular students.
The course has been planned to provide the business
world with persons competen t for the relevant jobs.
Therefore, it will be necessary to maintain close contact
with business organizations and scientific institutes. Above
all, the connections with foreign educational institutions
must be kept up and intensified.
Since the planned course is scheduled to cater for
students from advanced schools of all types; it appears
desirable to inform and advise those schools and to draw
their attention to the importance of informatics in all
fields.
With a view to winning competent instructors and
lecturers in the various special fields, contacts should be
taken up with universities, ADV (association for data
processing), the Society for Automation, and computer
manufacturers. Ideas on how to win specialists should be
followed up. The Austrian Federal Ministry of Education is
asked for its understanding with regard to the fact that the
periods needed for preparatory work by instruetors and
lecturers in those fields, must be given due consideration.
During the preparatory period preceding the establishment of a course as characterized above, appropriate
guidelines for a final examination should be worked out.
The question of whether or not fees should be paid by the
students remains to be deliberated.

The working plant:
Types of plants and their structures
Structures of property and capital
Basis of production: acquisition - stock keeping - manufac-

turing - marketing
Expenses and returns
The position of the plant with regard to suppliers' and sellers'
markets
Business statistics:
Definition and purpose, collection of statistical data, arithmetical processing (index numbers, ratio numbers, equivalent
values, statistical parameters, correlation, trend, statistical
quality control, application of business statistics,
Index figures of business administration
Planning and business research

To No.2
Accounting and costing

I.

Accounting
Statutory provisions concerning the use of electronic data
processing equipment
Financial accounting - cost accounting
Purpose
Placing to account of funds and profits
Keeping of accounts receivable and accounts payable
Accounting of unpaid items
Payroll clearing
Registration of labour cost
Calculation of gross and net wages
Statutory provisions
Personnel statistics
Store accounting

Property accounting
Sales accounting
Invoicing
Commission accounting
2. Costing
Directives for costing, issued by the "Austrian Board of Economic
Efficiency"
Definitions of terms
Classification of expenses
Methods of costing and estimating
Operation sheet
Departmental expense accounting
Analysis of expenses with regard to their dependence upon capacity
Budgeting

To No.3
Theory of organization
Assessment of present situation
- influence of data and
information - development of improvements - development of a
new process - design of files and forms - coding and keynumbers decision tables - documentation - concept of data bank - working
model showing the interconnection of various sections: marketing,
production, accounting, internal material and time economy,
costing - planning for the introduction of a new process.
In the cases of Nos. 2 and 3, various conditions should be taken into
special account, such as: type of business establishment
(manufacture, commerce, service, administration), size, etc.
Distinctive features should be worked out.

To No 7
ANNEXURE

Mathematical fundamentals

To No. I

Real and rational numbers, proportions. slide rule

Fundamentals of Business administration

Powers and roots, fixed and floating point numbers, rounding
Index numbers, means, variance
Sets, combinations, complementary set, conjuction, disjunction
Fundamentals of vectors matrices, determinants, matrix inversion
Analytical treatment of linear equations and unequations, linear
programming

Economy:

Purposes of business administration and political economics
The business establishment:
The forms of business' establishments

Numbersystems
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Functions and their graphic presentation (log. exp.), polynomes,
interpolation, Horner's scheme
Calculus, optimating by means of calculus, error analysis, methods
of interation
Fundamentals of probability theory, combinatorics, the main
statistical discrete and continuous distributions, methods of smalies
squares, regression, statistical quality control.
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P.C. Berry, A.D. Falkoff, K.E. Iverson

I. INTRODUCTION

For several years we have been using computers to
teach mathematical topics at a variety of levels, and have
been observing with interest their use by others. We have
been troubled by the marked tendency for use of a
computer to divert attention from the topic at hand to
other quite different ones, such as 'computer concepts',
'computer programming', and 'problem solving'. This
diversion sterns from two main causes. First, the computer
languages used have been too cumbersome and remote from
the concepts and notation of mathematics, and those who
use computers in teaching, as a result of their own
developrnen t, are often overly concerned with the
computer itself. Second, much of the work in educational
computing has been done by people who narrowly construe
'computer aided instruction' as an extension of programmed instruction, and the computer as a successor to the
Skinnerian teaching machine. This approach has discouraged the development of direct contributions of computing to the elucidation of mathematical topics.
Starting in the summer of 1969, we undertook to
prepare some illustrative lessons in mathematics organized
explicitly around the computer's ability to perform
exploratory calculations at the studen t's command. Because
we felt that the diversionary effects of the computer had
been most severe at the more elementary levels, we elected
to concentrate on units suitable for a first course in high
~chool algebra. The computer would be equally appropriate
In many courses which require the use of mathematical
models (e.g. physics, statistics, economics, biology), but
there the style of use of the computer, and the task of
mtroducing it to students, would have much in common
with its use in a beginning course in algebra. Our aim was to
produce materials with the following characteristics:
I. Topics should be chosen from among those commonly
appearing in high school texts. That is not to say that
we should ignore opportunities to go beyond the
conventional curriculum, but that the main thrust of
computer material must be to deal with the core of the
existing curriculum, rather than with a separate set of
'computer topics'.
2. The use of the computer should be both open and
transparent. That is, the machine should be available to
students (and teacher) to execute whatever statements
they request. Programs used by the class should be
readable and comprehensible to students, and subject to
theirrevisions.
3. Computing concepts and notation should not be taught
for their own sake, but introduced only a, needed for
the mathematical topics at hand.

The computer system used was APL/360, which
permits the use of terminals resembling typewriters, many
of which may be connected by telephone lines to a single
central computer. At these typewriter terminals, the
keyboard and printing mechanism work in the usual way
except that what is typed by the user is also transmitted to
the computer, and the computer can cause typing of its
'response at the typewriter. The typing element is modified
to provide mathematical symbols as well as a conventional
alphabet. The symbols include not only +, -, x, and e-, but
symbols for a number of other functions as well.
Certain features of the APL notation contributed
greatly to the realization of our goals; Falkoff & Iverson
(1968), Berry (1968). Three are particularly important:
I. The ease with which expressions are generalized to
arrays, which makes it much easier to appreciate
patterns and structure in results - a fundamental
objective in teaching.
2. The treatment of functions, which facilitates examination of the properties of algebraic expressions.
3. APl's rich set of primitive operations, which provides a
full range of functions for mathematical and logical
operations and for the manipulation of arrays.
An extensive set of notes and exercises was prepared by
a team of secondary school teachers who met during the
summer of 1969. The contributions of the members of this
team are gratefully acknowledged. The writing was done by
Miss Linda Alvord, of the Scotch Plains-Fanwood High
School, Scotch Plains, New Jersey, Mr. Nathaniel Bates of
the Belmont Hill School, Belmont, Massachusetts, and Mr.
John Brown of Lower Canada College, Montreal, Quebec.
Definitions of many useful functions were contributed by
Mr. Peter Manchester, a student at Cornell University.
Material produced during the summer .was tried out during
a six-week summer workshop for high school students
conducted by Sisters Helen Wilxman and Barbara Brennan
of the Mary Immaculate School, Ossining, New York.
2. INTRODUCING THE COMPUTER
Three notions are essential to the use of the computer:

2.1 The symbols used and their location 0/1 the keyboard.
The student must learn the keyboard location of the
digits, the decimal point, and the symbols + -, x, and -i-.
Symbols for other functions (such as * for power, and Ifor
remainder) are introduced only as required by the mathematical topic at hand.
and

If any expression is entered (i.e. typed at the keyboard
followed by a carriage return), the computer
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immediately types (starting at the left margin) the result of
evaluating the expression. For example:
3.5+6.5
10
3.5+7
0.5
2*3

8
3114
2

The name F now denotes the function (expression)
(X -3)x(X-5) and F I denotes the evaluation of the
function for the case X equal to I, and F- 2 denotes the
evaluation for X equal to 2, etc. In a similar way, any name
may be assigned to any desired expression.
These three notions (knowledge of the basic symbols,
the assignment of a name to a result, and the assignment of
a name to an expression) form the basis for all use of the
computer. Other notions (such as the symbols for other
primitive functions) may be introduced as demanded by the
mathematics, as will be illustrated in subsequent sections.

(3114)x(2*3)x(3.5+7)

8

3. THE BEHAVIOUR OF A FUNCTION

2.2 The assignment ofa name to a result.
The expression X<-3x4 assigns to the name X the value
of the expression to the right of the arrow, in this case i2.
The name X can therefore be used in any further
expression:

A convenient way to explore a function's behaviour is
to examine the results obtained when it is evaluated for a
variety of arguments. This was done with the earlier
definition of the function F, when we examined F I and
then F 2 and so on. As the argument of F is systematically
varied, a pattern may be discerned in the results. It is even
more helpful to display this pattern of results as:a single
unit, obtained when the function is applied to a given
pattern of arguments. Here the treatment of arrays in APL
facilitates the exploration. In general, an expression valid
for scalar quantities (such as the definition given for F) is
automatically extended element by element to arrays of
any number of dimensions. This results, in effect, in
simultaneous but independent evaluation of F for whatever
array of arguments a student may care to supply. Suppose,
for example, he wished to evaluate F for each of the
arguments I 234567:
F 1 2 345

(X-3)x(X-5)

63
If the student is already familiar with the notion of
variables, the only essential point to be introduced is the
notation used. The arrow is used instead of an equal sign to
distinguish this notion of assigning a value to a variable
from several related (but different) mathematical uses of
the equal sign.
2.3 The assignment ofa name to an expression.
The notation (X-3)x(X-5) used above to evaluate the
expression for a previously assigned value of X is also used
in a different way in mathematics to mean: 'Consider the
expression (X-3)x(X-5) for any set of values of X which
may be assigned later.' The distinction between the two
notions is emphasized by the behavior of the computer
upon en tering an expression employing a name which has
not previously been assigned a value:
(Y -3)x(Y-5)

VALUE ERROR
(Y -3)x(Y-;::5)

The computer refuses to evaluate the expression because
the name Y has not been assigned a value; it indicates that a
'value error' has been made, and types back the entire
expression, together with a caret pointing to the name
which occasioned the difficiJlty.
The second, more general meaning of an expression is
treated by assigning a name to the expression in the
following way:
1,7 Z<-F X
[I]
Z<-(X-3)x(X-5)
1,7

The name F has now been assigned to the expression
(X-3)x(X-5). The 1,7 symbols, called 'del', indicate that
what lies between them is the name and definition of a
function. In this case the function has the name F, and for
the purposes of the definition its argument is arbitrarily
given the name X and its result the name Z. Hence:
FI
8
F2
3
F3

o

-,
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F4

o

l'

0

3

8

The function F was applied independently to each
element of the list of arguments to produce the list of
corresponding results. The function and its arguments
appear indented, while the array of results appears at the
margin. This results from the convention that input from
the typewriter is indented whereas output is not, as an aid
to distinguishing who typed what. The use of lists in this
way encourages the student to seek and recognize patterns
in results. Thus, in the foregoing example, the symmetry
about the element 4 and the fact that it is a minimum
suggests (as can be confirmed by more detailed exploration)
that the point 4-1 is the vertex of the parabola represented
by (F-3)x(X-5).
The list I 2 3 4 5 6 7 can (like any individual result) be
assigned a name, as illustrated below:
5+1 2 3 4

5 6 7

F S

o

S+S
6
8

10

S*S
27
2S6

12
3125

14
46656

823543

The student could, if he wished, obtain arguments and
results aligned in a table, by using the dyadic primitive p,
which forms arrays of any number of dimensions. A table
of 2 rows and 7 columns embodying the preceding results
could be formed as follows:

2

7p

1 2 3

5 6 7, F 1 2 3 4 5 6 7

Students are directly encouraged to examine a
function's behavior by studying the results it produces
when applied to a variety of arguments. The system permits
the definition of a function to be locked so that although it
can still be used, its definition can no longer be displayed.
There are various lessons to be learned here. In the course
of explorations that are at first haphazard, students rapidly
develop strategies which can be transferred to the study of
other functions. As a variant, by turns one member of a
class may privately write down the definition of a function
and challenge his classmates to discover its properties by
offering arguments for which he will supply them the
result. Their aim is to offer a definition which will account
not only for the observed behavior but for new instances
that' the original author may provide in rebuttal. The
experience of inducing a general description of a function
from the examination of trial instances may prove both a
stimulating game and an aid to the development of easy
familiarity with the properties of functions. Before long
students discover that definitions which appear quite
different may produce identical results. They may then be
led to the concept of the equivalence of algorithms, an to
the classical definition of function as the set of all possible
pairs of argumen t and result, without regard to the
algorithm by which one may be transformed into the other.
4. TABLES OF PRODUCTS AND THE FUNDAMENTAL
PROPERTIES OF FUNCTIONS
A multiplication table (for some finite set of
arguments) can afford some insight into behavior of the
function multiplication. Suppose that a multiplication table
is constructed in which for a given set of values S the
product is shown for each member of S with every other.
Such a table will be symmetrical about the diagonal; the
symmetry evident in the table suggests that multiplication
is commutative. The notation which produces a multiplication table for the argument S is S'.XS. Thus:

So.xS
234567
4 6 810 1214
6912151821
4 8 [2 26 20 24 28
5101520253035
6 12 18 24 30 36 42
7 1421 28354249
In general, the result of evaluating X '.xY is a table
produced by applying the funtion x to every possible pair
of elements chosen one from the left argument X and one
from the right argument Y. Other tables (for addition,
subtraction, power, division, etc.) may be formed similarly.
For example:
S'.+S
23 4 5 6 7 8
3456789
45678910
56 7 8 9 10 II
6789101112
78 910 I [ 1213
891011121314

It is a useful exercise to examine how the properties of
a function may be determined from its table. For example,
multiplication may be seen to be commutative (at least for
the domain S represented in the table) if the element in the
Ith row and Jth column (that is, IxI) is equal to the
element in the Jth row and!th column (JxI), for each I and
J. If these corresponding elements are connected by lines, it
becomes clear that the table represents a commutative
function if its transpose (obtained by turning the table
about the axis \) is the same as the original table.
A table (like a list or scalar) may be assigned a name.
For example,
T+-S-:-S
assigns the name T to the subtraction table for S. T may be
displayed by typing its name:
T
1
0
1
2
3
4·
5

2
1
0
1
2
3
4

3
2
1
0
1
2
3

4
3
2
1
0
1
2

5

5

4
3
2
1
0
1

4
3
2
1
0

S

Moreover, transposition of a table is denoted by ¢. Thus,
¢T
2
1

o
1
2
3
4

The tables T and ¢T can now be compared visually.
However, it is more convenient to use the function denoted
by =, which compares each pair of elements of its argument
and produces the result I if they are equal and 0 if they are
not. For example:
T=¢T
1000000
0100000
0010000
0001000
0000100
0000010
0000001
From this the student may conclude that subtraction is not
commutative. The corresponding test of multiplication
proceeds as follows:
·M+-S'.xS
I I I I III
I I I 1 I II
I III I I I
II I I I I I
I I I I I I I
I I I I I I I
I I I I II I

M=¢M

It may also be helpful to introduce and study the
properties of other simple but less familiar functions. For
example, the function r yields the maximum of its
arguments. Thus:
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3[8

0
0
0
0
0
0
1
1
1
0
0
0
0
0
0

N+S'. fS
N
1
2

2
2

3

3

4
5

4
5

4
4
4
4
5

6
7

6
7

6
7

5
5
5
5
5
6

7

6
6
6
6
6
6
7

7
7
7

7
7
7
7

N=~N

1
1
1
1
1
1
1

1
1
1
1
1
1
1

1
1
1
1
1
1
1

1
1
1
1
1
1
1

Closure may also be studied in a similar manner. It
involves the notion of set membership, that is, the function
is closed on the domain S if every element of the
multiplication table (on S) belongs to S. Set membership is
denoted by e and (like comparisons) yields the result I if
the element tested is a member, and 0 if it is not. For
example:

(1 e , x])<1
000 0 1 1
o 0 0 0 1 1
o 0 0 0 1 1
o 0 0 0 1 1
o 0 0 1 1 1
o 0 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
o 0 1 1 1 1
000 1 1 1
000 0 1 1
o 0 o 0 1 1
o 0 0 0 1 1
o 0 0 0 1 1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0
1
1
1
1
1
1

1
0
0
0
0

0
0
1
1
1
1
1
0
0
0
0
0

0
0
0
1
1
1
0
0
0
0
0
0

0
0
0
1
1
1
0
0
0
0
0
0

0
0
0
1
1
1
0
0

0
0
0
0

0
0
0
1
1
1
0
0
0
0
0
0

These results indicate that neither addition nor
multiplication is closed on the set I, nor indeed are they
closed on any finite set of arguments. The usual statement
that these functions are closed is legislated by an agreement
that the domain may always be extended as necessary.

5. EQUATIONS
For any function F there is the associated notion of an
equation of the form C~F X, where C is some constant
(usually zero), or possibly another expression. Attention is
usually focussed on the roots of the equation, i.e., those
values of X for which the proposition C~F X is true.
Consider. for example, the function F previously defined:

3eS

o

0
0
0
0
0
0
1
1
1
0
0
0
0
0
0

»s
NeS

I I I II II
I I I I III
1 I I IIII

S
3

1111111
I I I 1111
I I I I II 1
11111 II

3=F S

o
The last result indicates that the function maximum is
closed. Suppose we consider whether addition and
multiplication are closed, this time with respect to the
integers from -7 to 7:
I+-7

0
0
0
0
0
0
0
1
1
1
1
1
1
1
1

0
0
0
0
0
0
1
1
1
1
1
1
1
1
1

6

(Io .+Ih:I
o 0 0 o 0 1
0 000 1 1
o 0 o 1 1 1
o 0 1 1 1 1
0 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
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1 0 1 2 3 4 5 6 7

0

The last line above was obtained by comparing the
constant 3 with each of the values of F S. The positions of
the I's in the result therefore indicate which of the
clements of the argument S satisfy the equation. Similarly,
2=F S

1
1
1
1
1
1
1
1
1
1
1
1
1
1
0

1
1
1
1
1
1
1
1
1
1
1
1
1
0
0

1
1
1
1
1
1
1
1
1
1
1
1
0
0
0

1
1
1
1
1
1
1
1
1
1
1
0
0
0
0

1
1
1
1
1
1
1
1
1
1
0
0
0
0
.0

1
1
1
1
1
1
1
1
1
0
0
0
0
0
0

1
1
1
1
1
1
1
1
0
0
0
0
0
0
0

0

0

l=F S
0

0

O=F S
'0

1

0

l=F S
0

1

0

•.• these expressions explore the 'truth set' of F S for the
propositions that F S is equal to various constants. A set of
arguments and a set of constants can be systematically
compared by using the same notation used previously to
generate tables of products, differences, etc., but this time
to generate tables for the proposition of equality. Suppose
R is a set of constants, while S is as before the set of

arguments of the function F. Then R~=F S serves to
generate the desired table. Thus:
R+8 7 6

s»,

•

[lJ

5 4 3 2 1 0

Z+SQRT X
Z+bO.5

SQRT 1 2 3 "
1."1"213562
1.732050808

=F S

000001
00000 0
000 000
o 0 0 0 0 0
o 0 0 0 0 0
100 0 1 0
o 0 0 0 0 0
o a 0 a 0 0
010100
001000

It is clear that the pattern of I's in the table form a graph
of the function F; its mode of construction provides a
useful insight into the meaning of a graph. To make the
locations of the ls more obvious, one could substitute
blanks for the zeroes in the preceding table and some other
character for the I's. This could readily be done by adding
I to the table, thereby converting it to a matrix of I 's and
2's, and then using those to select by indexing either the
first or the second of two literal characters:

In beginning classes in algebra, a great deal of attention
is paid to techniques for solving equations. In many cases
this amounts to finding an inverse to the function that is
given, at least for the particular value appearing in the
problem. The topic can be introduced by preparing
mappings for various simple functions, and then for
compositions of functions. A direct and graphic way to do
this is to prepare two number lines one above the other but
drawn to the same scale, and then to plot on the first line
the points representing some set of arguments S and on the
second those representing F S. For a composition of two or
more functions, additional lines are added for G F S,
H G F S, and so on. These may be drawn at the blackboard
or with paper and pencil, or the teacher may prepare a
function to draw them at the computer. In the sample that
follows, the letters of the alphabet represent the various
points of S as they undergo their successive transformations. FN is some function, whose definition has not been
disclosed.
S+ 0

.A teacher who wished to make use of that procedure but
without first introducing his students to indexing or literal
characters could do so by embodying it himself in the
definition of another function, perhaps called GR, and
permitting students to use it before going into the details of
its definition. In the following definition, the resulting
matrix of blanks and x's is expanded by the insertion of an
extra column of blanks between each of the columns, so as
to preserve the same aspect-ratio as the original table of O's
and I's.

x

[1)

[2J

V Z+CR
Z+' x'[l+X]
Z~(2Il2x-1tpX)\Z

GR

1 2 3

3 MAP

'x'[I+R·.=F Sj

n«, =F

S

s,

(FN S),

(FN FN S)

o

1

2

3

4

5

6

10

I

I

I

I

I

I

I

I

A~~~

A~~~D
I

I

2

3

I

I

I

I

I

I

5

6

7

B

10

Students may observe that the function FN produces both
a change of scale and also a constant displacement. An
inverse of FA' will be some function (or composition of
functions) which when applied to FN S returns S as its
result. The exploration is most instructive when students
offer definitions of functions each of which performs only
one operation. These might have transparent names, such as
DOUBLE, HALF, LESS I , and so on. Some combination of
those will invert FN, but the effect will depend upon the
order in which they are applied. For instance, suppose that
the function Treduces its argument to two thirds of what it
was, and U makes it 1.5 less. Applied in the right order,
these will indeed yield S from F S. But otherwise, not:
4

NAP

S.

(FN :3).

(T FN S).

(U T FN S)

On occasion the teacher may wish to present some
functions whose effect is plain without at first discussing or
even revealing their definitions until a more appropriate
time. This might be the case with a function such as GR,
Just illustrated. Or if the teacher wished to employ a square
root before discussing the more general issue of exponentiation fractional powers, he might supply students a
definition such as the following, so that SQRT could be
Used within any expression where a square root is desired.
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A few instances in which the expected effect is not
produced open the way to a search for rules governing
factoring and the distribution of some functions over
others, and rules for the construction of inverses of various
common functions.
6. SYSTEMS OF LINEAR EQUATIONS

To introduce the concept of a set of simultaneous
equations, we again calculate a table of all the possible
outcomes as each of two unknowns varies systematically.
For example, the behavior of the linear expression
(2xY)+(X-12) can be displayed in the table (2xY)o.
+(X -12), by first assigninga suitable set of values to X and
to Y. For example:

4

(2xy)o.+(X-12)
5
6
7
8
5
3
4
6
1
2
3
4
1
0
2
1
3
2
1
0
4
5
3
2
7
6
5
4
9
B
7
6
11
10
9
B

The and function A is defined to yield a result of 1 if
and only if both arguments are I. Hence the intersection of
the equations (Le., the solution of the pair) can be obtained
as follows:
(O=Y·.-X) A (0=(2xY)·.+(X-12»

Xot-O 1 2 3 4 567 B
Y""8 7 6 5 4 3 2 1 0

2
0
2
4
6
8
10
12

(O=Yo.-X) v (0=(2xY)·.+(X-12»

000000001
000000010
100000100
001001000
000010000
000100100
001000001
010000000
100000000

9
7
5
3
1
1
3
5
7

10
8
6
4
2
0

11

9
7
5
3
1

2

1

4
6

3
5

12
10
8
6
4
2
0
2
4

-

000000000
000000000
000000000
000000000
000010000
000000000
000000000
000000000
000000000
Inequalities can be handled in a similar manner:

Solutions to the equation 0=(2xY)+(X -12) can now be
displayed as follows:
0=(2xY)·.+(X-12)

000000000
000000000
100000000
001000000
000010000
000000100
000000001
000000000
000000000
The l 's in the foregoing result represent a graph of the
linear equation. Similarly, for the equation O=Y-X:
O=Yo.-X

000000001
000000010
000000100
000001000
000010000
000100000
001000000
010000000
100000000
The or function v is defined for logical arguments 0
(false) and 1 (true) as follows: XvY is equal to 1 if either X
or Y (or both) is equal to 1. Hence the two tables alone can
be combined by the or function to produce the graph of
the two lines together:
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O~ (2xY)·.+(X-12)

000000000
000000000
100000000
111000000
111110000
111111100
11111I 111
1 II 11 1 I 11
111111111
(0

~

(2xY)·.+(X-12»

i\(0~ Y·.-X)

000000000
000000000
000000000
000000000
000010000
000111100
00111 1111
011111111
111111111
Inequalities can be used for non-linear functions as well.
For example:

xo(--a
Y+5

-7
6
5
4 3 2 1 0

012345678

-5

49>(3 x(Y*2»'.+(X*2)

o
o

0 0 0 O· 0 0 0 0 0 0
0 0 0 011 1 0 0 0
00111111111
11111111111
11111111111
11111111111
11111111111
11111111111
00111111111
000 001 1 1 0 0 0
o 0 0 0 0 000 0 0 0

7. MORE ADVANCED WORK
The topics, terminology, and order of presentation of
the foregoing examples have been chosen to illustrate the
use of the computer in elementary algebra. The use is not
limited to elementary topics, but more advanced topics will
not be pursued here since they have already been treated
elsewhere; cf. Iverson (1962), Falkoff et al (1964), and
Iverson(1966).
The simple terminology used here can (and probably
should) be replaced by the terminology which will be
encountered for the same concepts in more advanced
mathematics. For example, the notion of assigning a name
to an expression is function definition, the lists employed
are vectors, the tables are matrices, and the expressions of
the form S·.XS used to produce the matrices are outer
products.
More advanced work requires the introduction of
further notation for such things as indexing vectors,
matrices, and higher-dimensional arrays, for inner products
(which includes ordinary matrix product), and for handling
arrays whose elements are literal characters rather than
numbers. A powerful treatment of polynomials is obtained
by representing each as a sum of products (of the
coefficients times the base raised to consecutive powers) or
as a product of sums (of the base and the set of roots). A
uniform notation is introduced for summation, product, or
any operation applied cumulatively over an array. However,
the introduction of more advanced notation can be closely
coupled to the introduction of the associated mathematical
concepts.
8. STYLE OF USE OF THE COMPUTER
In the class conducted during the summer of 1969, a
single terminal stood in the classroom so that the teacher or
a student could operate it during the class. A small closed
circuit TV mounted on the terminal transmitted an image
of the typed output to two monitors so that all members of
the class could see what was entered and what responses the
computer gave. Response time to most entries was less than
0.5 second, so that rapid exploratory dialogue was possible.
The style of use was collective, with many members of the
classcontributing suggestions for the next expression to be
evaluated.

Each student was expected to make a small amount of
individual use of the terminal outside of class hours.
However, most exercises were written with pencil and paper
or at the blackboard, with the computer serving as arbiter
of suggestions or inquiries from the class rather than as
individual tutor. Although a few students made· heavy
individual use of the computer, this did not seem to be
essential to grasping the material, and some students who
had little or no private use of the computer seemed able
nevertheless to participate effectively in the class sessions.
This style of use differs sharply from most of
present-day instructional computing. In particular, the
computer does not itself initiate any of the dialogue, but
serves only to report the results of what are in effect
mathematical experiments proposed to it by the class.
There is no program in control, and in fact the course can
be taught using a 'bare' APL machine. This means that the
computer-aided curriculum is not proof against the
misunderstandings of either students or teachers. Moreover,
although it provides a powerful and stimulating tool for
experimentation, the traditional curriculum of mathematics
started -from the assumption that mathematics was a
rational and deductive system in which there was neither
need nor means available to perform such experiments. The
present availability of such a device requires rethinking the
strategy of presentation in much of the curriculum, even
when the topics to be covered remain unchanged.
9. CONCLUSIONS
9. L Effective use of the compu ter can be based on the
introduction of only three simple ideas. Further notation
need be introduced only as called for by the topic of study.
9.2. APL permits the treatment of mathematical topics
in a notation that is close to that already in use in
mathematics, and differs from it only in the direction of
increased consistency, generality, or power, and a minimum
of concession to the inner working of the machine.
Notation used in the text or classroom is directly
executable by the machine.
9.3. It is possible to extend use of the computer to all
areas of the mathematics curriculum, and not just to topics
involvingextensive computation.
9.4. Use- of the computer for this purpose does not
require the teaching of 'programming' in the sense it is
usually understood. Much of the instruction involves the
behavior of functions which can be defmed in a single
statement, involvingneither sequences nor branching.
9.5. Effective use of the computer can be made on a
collective basis, at a cost far below that of systems requiring
individual interaction with each student.
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1. INTRODUCTION
Computer education in Ontario secondary schools has
thrived since its first introduction on an experimental basis
in 1965. The first courses were in data processing and
contained an historical introduction to the subject followed
by courses in programming, business applications, and
systems design. Shortly after the introduction of the data
processing courses, experimental programs in computer
science and computer technology were initiated. When
reference in this paper is made collectively to these three
courses, the phrase computer studies will be used.
This paper describes the historical development of
computer education in Ontario secondary schools and the
current state of development of the curricula for the three.
courses: data processing, computer science and computer
technology. The courses have developed under the constraints of the academic programs presently available in the
Ontario school system. Some remarks in this paper will be
directed to the future of this system and the way in which
courses in computer studies may change.
The province of Ontario is a large geographic area
encompassing both major population centres and small
rural centres. Schools have experimented with many different techniques for processing student programs and comments will be made about the methods employed. In
addition to acquiring adequate computing facilities, it is
necessary to train teachers both in the subject material and
in methodology. The methods which have been used to
prepare teachers for these courses will be described.
The topics mentioned in this introduction, when amplified in the body of the paper should present a concise
description of the experiences in the province of Ontario.
2. DEVELOPMENT OF COMPUTER EDUCATION IN
ONTARIO
In order to understand the courses in computer studies
and their development, it would be helpful to explain the
evolution of the educational system in Ontario over the last
decade. Education in Ontario has changed significantly in
the last ten years and this has affected the growth of
curricula in computer studies.
The overall structure of the educational system in
Ontario is described in order to pinpoint the present
p?sition of the courses in computing. Most students enter
kindergarten at age five; this is followed by eight years of
elementary school which they leave at age thirteen and then
fIve years of secondary school with graduation at eighteen.
The grades in both the elementary and secondary school are
nUmbered consecutively I through 13. Within the five years
of secondary school, several options occur. For example,

many occupations require only four years of secondary
school (Grade 12) and students can graduate at this point.
Students who wish to proceed to university must complete
the entire five years. The universities also have programs
which vary in length. For example, students may study for
three years in a general course, four years in an honours
course and. even longer in such professional courses as
dentistry and medicine.
Prior to 1962, a student in Ontario had three alternatives open to him as he entered secondary school. He
could enter the academic stream and study subjects such as
English, French, Latin, German, science, mathematics, history and geography. Upon graduation, the students normally would be expected either to attend university or
enter some occupation. The students who were not academically inclined were directed either to a technical or commercial school, of which there was a rather limited number, and
upon graduation entered either a trade or some form of
office work. The opportunities open to students who were
not in the academic stream were somewhat limited. Since
the schools that offered the various types of training were
separate, mixing of programs could not be implemented
easily.
In 1962, significant changes occurred in the secondary
school system. Three branches of study called Arts and
Science, Business and Commerce, and Science, Technology
and Trades were established and it was suggested that as
many schools as possible provide programs in all areas. At
the same time as these new branches of study developed,
three types of programs emerged: two-year, four-year and
five-year. Graduates of the two-year program immediately
started their working career and graduates of the four-year
programs started work or entered a technological institute
while five-year graduates entered work or started university.
The programs described in the previous paragraphs
lasted until 1969, and it was in this era that courses in
computer studies were developed. The entire secondary
school curriculum and structure are undergoing another
major revision and this will provide the basis for our look
into the future of computing in our secondary schools.
As early as 1962, students in some commercial schools
were studying unit record equipment. The teachers of unit
record data processing were well aware that punched card
equipment was being replaced by electronic computers and
so they advocated the development of courses in computer
studies. Primarily through their efforts, a committee of the
Ontario Department of Education was established to study
the feasibility of creating data processing courses that
involved the digital computer.
The committee consisted of teachers, representatives of
computer manufacturers and business consultants.. They
spent many long hours deliberating over the content of the
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data processing course and the members felt they were.
truly pioneering since there was little or no information
available.
The result of these long deliberations was a course of
study in data processing which the committee stressed was
only an initial attempt. In fact, editorial remarks in the
document suggested it would be revised in the near future
and comments would be welcomed.
Most of the experimentation with this course was done
in the years 1962 to 1966 and the actual course of study,
which will be described in the next section, was instituted
in 1966. The course content had more permanence than was
anticipated by the committee. In fact, it is only now that
revisions are being considered. These revisions will take
advantage of the experience gained by the teachers and the
general changes in educational policy in Ontario.
About the time the Data Processing Curriculum Committee was completing its deliberations, a few mathematics
teachers began to consider how the computer might be
incorporated into the Arts and Science stream of the
curriculum. During the school year 1965-66, a course in
computer science was offered to a single class in one school
in Ontario. This experimental course was followed by an
evaluation meeting, the results of which were encouraging
enough to convince the Ontario Department of Education
to establish a committee to study the feasibility of preparing a course of study in compu ter science. The committee consisting primarily of university professors and
mathematics teachers decided to continue the experiment
for another year and to include additional schools. During
1966-67 the experimental course was offered to fourteen
schools at the Grade 12 leveL Throughout the year, the
course was continuously evaluated by the committee
through comments regularly supplied by the fourteen
teachers. At the end of the school year, the committee and
teachers met in an intensive evaluation session to plan the
course for the subsequent year. The committee decided to
expand to a two-year course beginning in Grade 11 and to
include thirty-six schools.
It is interesting to note that all teachers who taught the
course were mathematics teachers and that the committee
was composed primarily of mathematics teachers and mathematics professors. Yet these teachers were the first to
recommend that computer science should include applications to science, business and other subjects as well as
mathematics. Hence, computer science came to be regarded
as a multidisciplinary subject in the Ontario secondary
schools. This trend is exemplified by the fact that computer
science. is now being taught by teachers who have a
background in disciplines other than mathematics,. thereby
providing a truly multidisciplinary approach.
The experimental program terminated with the preparation of a summary report BONHAM (1968) by the advisory
committee. Several important things had been learned
during the experiment and these will be discussed in the
next few paragraphs.
All teachers polled felt that the course should be
centred on the study of algorithms and that the study of
programming was secondary in importance. Programming,
alihough secondary, was of course very important since
without it the student could not communicate algorithms
to the computer.
The teachers were also asked whether machine and
assembly language for a real or hypothetical computer
should be taught. The opinions expressed indicated that at
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least the fundamentals of such a language should be given
to the students since:
(i) it removes the mystery of the computer by revealing its
true method of operation
(ii) it provides the student with an appreciation for higher
level languages and
(iii) it .provides motivation for the explanation of the
translation process used in compilers.
It isinteresting to note that while all teachers agreed on
the necessity of teaching machine and/or assembly language, i.e. a low-level language, they could not all agree on
when it should be taught. Some teachers felt that students
should write significant programs as soon as possible, and
that higher level languages such as FORTRAN, BASIC or
ALGOL were the best way to accomplish this. Others felt
that teaching a low-level language first would provide the
student with an appreciation of higher level languages and
an understanding of what is happening 'behind the scenes'.
Opinion was split on this topic and so the committee
suggested that both levels of language should be taught, but
the sequence should be left to the teacher's discretion. The
committee also recommended that the student should be
given a general knowledge of such things as compilers,
assemblers, and operating systems since they constitute a
key idea in computing.
The committee advised that some of the sociological
effects of the computer should also be discussed. The social
implications of the computer and its effect on such fields as
law, medicine and criminology would not only be exciting
to talk about and forecast but would prepare the student to
cope with the computer revolution.
Finally, the advisory committee proposed that a curriculum committee be fanned to prepare a course outline for
inclusion in the secondary school curriculum. The proposal
was presented to senior officials of the Ontario Department
of Education during 1968-69 and they concurred with it.
Thus, Ontario was well launched toward the formal introduction of a computer science course.
During 1968-69, it became evident that the entire
structure of the Ontario educational system would change
dramatically over the next few years. These changes are
explained in the nex t few paragraphs since they affect the
curriculum in computer science which will be presented
later.
The Ontario Department of Education consolidated the
various school boards reducing their number from about
J600 to approximately 200. This policy encouraged the
boards to adapt curricula in various subject areas to meet
'Iocal needs. No longer were courses of study detailed and
prescriptive, rather they became curriculum guidelines and
many choices were left to the teachers and local school
districts.
Other equally startling changes were also taking place.
Rather than the three branches of Arts and Science,
Business and Commerce, and Science, Technology and
Trades with the two-year, four-year, and five-year programs, it was proposed to change to a credit system thereby
allowing promotion by subject rather than by grade. Also
many of the courses became available to students in all
three branches.
This reorganization had profound affects on the computer science curriculum. The committee which undertook
the feasibility study had recommended the course to be
given in Grades 11 and 12 and to be available in the
five-year program of the Arts and Science branch. Now, the

curriculum committee suggested that the course could be
offered as a two-year program in the senior division (Grades
II to 13) and that it could be available to all students. The
switch to the credit system permitted such an unstructured
program.
The choice of enrolling in a Computer Science class
should, ideally, be open to any student indicating an
interest in and enthusiasm for the study of computers and
computing. Staff shortages, room shortages, or other difficulties, however may make it necessary to select students
on the basis of some criterion. While some available tests
assess a student's aptitude for programming, they are not
recommended for selection purposes because they are not
infallible. Experience also shows that success in Computer
Science does not necessarily correlate with success in
mathematics; in some cases, students have found their
marks in mathematics improving because of the study of
Computer Science. Hence, it is recommended that the sole
criterion for admission be interest.
A third major development in Ontario, but one that is
considerably more embryonic than data processing or computer science, is computer technology. At present an
interim curriculum guideline is being finished by. the Ontario Department of Education. This guideline is interim in
nature because little experience exists in the teaching of
this subject at the secondary school level. The intention is
to encourage teachers to attempt some of the ideas presented in the guideline and then use these experiences to
prepare a revised document. The topics covered in the
guideline will be presented in the next section.
3. CURRICULA IN COMPUTER EDUCATION
This section presents and summarizes the curricula

which resulted from the experience which was reported in
the previous section. These curricula will be changing
drastically in the next few years following trends which
have occurred in the Ontario educational system. Predictions for the future development of computer studies in
Ontario will be dealt with in the last section of the paper.
3.1 Data Processing
The data processing curriculum ONTARIO DEPARTMENT OF EDUCATION (1966) will not be discussed in
detail because of space limitations. The general content of the
course is presented.
The data processing course of study consists of many
different segments which can be combined into a program.
Of several combinations possible, the most popular has
proved to be one that consisted of a three-year program
that included an introductory course called Principles of
Data Processing, followed by two courses called Computer
Programming and Systems Design. These were designated as
being most suitable for Grades 10, II, and 12 of the
four-year Business and· Commerce program.
Principles of Data Processing traces the evolution 'of
computing equipment from as far back as man counting on
his fingers, through the evolution of compu ting devices
Suchas Napier's bones, the abacus, mechanical and electromechanical equipment, and finally the electronic computer.
The Course concludes with an overview of the sociological
effects of the compu ter.
The second year of the three-year program is devoted to
Computer programming. Here the students are introduced
to programming through the use of a higher level language,
the choice of which often depends on whether or not the

teacher is familiar with it, and the availability of computing
facilities. In fact, computing facilities have been the only
inhibiting factor in the offering of this course in many
cases. Several schools have offered the first course Principles of Data Processing, but find they cannot offer
Computer Programming because access to a computing
facility is an absolu te necessity.
In the Systems Design course, the student learns the
fundamentals of file, report and record design, and many
other systems design techniques. The emphasis is on learning concepts rather than on the acquisition of skills.
However, the concepts learned will likely prove valuable to
the student should he pursue a career in data processing.
The most popular method used in the Systems Design
course has been the case-study approach. This approach has
proven to be popular because the situation is very real, so
real that some students develop a very proprietary interest
in these companies, almost to the extent of preoccupation.
Such developments are difficult to fault, since they usually
indicate a high degree of interest in the subject under study.
3.2 Computer Science
The computer science curriculum ONTARIO DEPARTMENT OF EDUCATION (1970) is the most recent curriculum guideline to be produced in the entire computer
studies group. Unfortunately, the guideline was not ready
for inclusion with this paper so some of the topics in the
curriculum will be listed in Appendix A. This section will
deal with the general content of the course. The course is
designed to take two years and the order of the material to
be presented is left entirely to the teacher. However, certain
topics are prerequisites for others.
The emphasis in the course is placed on problem-solving
and the concept of an algorithm. Programming is a secondary but important topic since algorithms must be implemented and should be tried on a digital computer.
In conjunction with a study of algorithms, the students
learn how to program a digital computer. They do most of
their programming in a higher level language bu t they are also
introduced to machine and assembly language programming
in order to provide an understanding of the operation of a
computer and the relationship between higher level languages
and the operation of the machine. The decision of teaching a
higher level language before a lower level one or vice versa is
left to the teacher's discretion.
The students are also introduced to the concepts of
programming systems since they constitute one of the key
ideas in computing. This section is also intended to show
the student the capabilities and limitations of programming
systems and to provide him with an appreciation for the
difficulties and magnitude of the task of producing large
programs.
The final section of the course is labelled Man and the
Computer and is designed to give the student some insight
into the impact it has had on modern society. The topics
under this heading lend themselves to a wide variety of
approaches including such things as guest lecturers, class
projects, field trips and seminar discussion groups.
3.3 Computer Technology
The computer technology interim guideline centres on
the study of computer logic and computer circuitry, and
also incorporates. studies of programming, peripheral devices and computer applications.
Computer logic involves the study of typical logic
elements such as 'AND' circuits, 'OR' circuits, invert cir-
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cuits, flip flops, latches, and delay circuits. The computer
circuitry portion focusses on the actual circuits and their
modes of operation. This study will develop the student's
grasp of electrical theory, his ability to interpret schematic
diagrams and relate them to electronic apparatus and his
skill in the diagnosis of circuit or component faults.
The aim of the study of peripheral devices is to convey
a knowledge of the operating principles of basic mechanisms relating to computers. The students should learn that
complex machines are merely the integration of relatively
simple mechanisms and devices. For example, an understanding of card-transport mechanisms, tape-transport devices, and disc-access mechanisms is essential to comprehend how information is transferred to the computer.
The study of programming is part of the computer
technology course. The student of computer technology,
however, does not need to develop the same facility with
the language as that required of the student of computer
science. The latter student wants to solve problems; hence,
the greater his facility with language the more complex the
problem he can solve. On the other hand, the student of
computer technology need not master the intricacies of a
language since he wishes to know only the relationship of
the various languages to computer hardware and computing.
Finally, the portion of the course dealing with cornputer applications is visualized as a broad survey of the
fields of application of computer systems, with special
attention given to those aspects which have tended to
influence the historical development of the computer industry and computer design. In studying the variety of
computer applications, some attention should be given to
the economic and technical considerations which dictate
the choice of: general-purpose compu ter systems or special-purpose systems; local or remote-access systems; batchprocessing or conversational systems; multi-programmed or
one-job-at-a-time systems. Current and projected developments in applications should be investigated from the point
of view of innovations in computer design which will be
required to meet the anticipated user demands.
4. IMPLEMENTATION OF COMPUTER EDUCATION
The formation of a curriculum commit tee and the
production of a curriculum in many subjects usually presents little or no difficulty. In a subject as new as computing, any curriculum which is formed may be fraught
with difficulties unless a significant amount of experimentation has taken place. In Ontario, four years of teaching
experimental classes preceded the production of a final
curriculum. Many problems such as teacher training, selection and writing of textbooks and supplementary material,
and running of computer programs were faced during this
experimental period. This section of the paper discusses
experiences in these three areas.
4.1 Teacher Training
When the first experimental courses were started, very
few teachers had any knowledge of the computing field. It
was necessary to provide a short intensive course in computing to at least acquaint them with the basic material
required. The University of Waterloo and the University of
Toronto provided a total of four, I and 2 week short
COurses during the period of the experiment. Between 300
and 400 teachers were involved in these courses which
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included intensive work on problemsolving and algorithms
using FORTRAN and a simulated machine and assembly
language. At the end of the course the teachers were also
provided with some guidance in the teaching of computer
science and on topics for further reading. Some. summer
courses in computing were also available during this period
and many teachers enrolled in these.
The short courses (both introductory and advanced)
and summer courses are still being conducted at the
University of Waterloo and will probably be an important
method of training teachers for a few more years. Many
undergraduates at the universities, however, are studying at
least one Or two computer science courses in the univers].
ties. These students, many of whom have already graduated, will be an important source of teachers in the near
future.
It was only through co-operation and concerted effort
that trained teachers were made available.
4.2 Textbooks and Problems
During the first year of the experiment, the text written
by the School Mathematics Study Group, CHARP et.al,
(1965) was used. Although a good text for the one-year
program, most teachers felt it did not have enough breadth
or depth of material to be adequate for the two-year
program. Many different supplements were produced by
both teachers and university professors. One of the most
common supplements included more problems which could
be used to illustrate the power of the computer but yet
were not beyond the academic abilities of the student.
Many of the teachers, once they had some experience in
teaching the course, selected different texts and produced
supplements for their classes. Hence, such effort has reo
suited in a textbook HULL and DAY (1969).
4.3 Processing Computer Programs
One of the problems of a course in computing, in which
programming is taught, is the necessity to have a computer
system available. Although programming can be taught
without using a computer, the difficulties inherent in such a
method are obvious and will not be discussed further. There
are two problems associated with processing programs; first
is the preparation of the program on some input media and
second the actual processing of programs by the computer.
There are two commonly used input media available;
paper tape and cards. Paper tape has been used rarely by
schools in Ontario since it is difficult to correct a program
once it has been punched. In many schools, cards are used
as the primary source of inpu t. There are four basic
methods of preparing punch cards:
(i) PORTA-A-PUNCH. This technique was found to be
unsatisfactory because of the time-consuming and
difficult task of coding a program in cards. The correct
holes must be cleanly punched with no pieces left
attached.
(ii) Personal keypunching. Having the students keypunch
their own programs is perhaps the most satisfactory
technique in many respects. However, it does consume
the student's time in that he must wait to use one of
the keypunches and then develop a skill in its opera'
tion. At present, of course, it is very expensive to have
enough keypunches available if a large number of
students are writing programs.
(iii) Professional keypunching. Hiring a professional key'
punch operator eliminates the problems of wasting

student time, and for a large number of students the
cost is certainly more reasonable than having a large
number of keypunches. However- the students are
required to be very neat and one small mistake in
writing a program, one that would usually be noticed
by the student while keypunching, can cause at least
one extra run on the computer.
(iv) Mark sense. "The mark sense technique of preparing
cards is certainly the most economical one since no
special equipment is needed by the student. Using this
technique means that programs can be prepared
almost anywhere and one large school district has
reported satisfactory results. The only two problems
associated with mark sense cards are the limited space
on a card and the encoding of a program. Most student
programs do not use long sta temen ts and so the
limited space is not a. severe restriction but encoding
of a program on mark sense cards is difficult because
most card designs are not satisfactory. However, better
designs are becoming available and so this problem will
eventually be eliminated.
In summary, it appears that the mark-sense card is
perhaps the best form of card input.
There are several different methods for processing
programs on a computer and most of these have been tried
in Ontario, The major methods of processing computer
programs are:
(i) Obtain computer time from a local company. Some
secondary schools have used a computer in a local
company. Such a scheme has not been satisfactory
since company priorities tend to have an adverse effect
on turnaround time. As well educational software such
as WATFOR CRESS, DIRKSEN and GRAHAM
(1968) is generally not available. Teachers also have to
prepare their own simulators and assemblers for
teaching machine and assembly language.
(ii) Mail service. Some schools use university computing
centres to process their programs. One or two universities process programs which are mailed to them as
either punched cards or coding sheets. Although good
educational software is usually available, the turnaround time is a minimum of three days and usually
longer.
(iii) Courier service. At least one large school district
installed its own computer which it uses for data
processing and student programs. Programs are prepared on mark sense cards and then picked up by
courier service to be delivered to the computer. It is
reported that this system works quite well, giving the
students overnight turnaround time. The service is
certainly economical, since the courier service is inexpensive and only one ·computer centre needs to be
maintained.
(iv) On-site computer. Some schools have been able to
purchase or rent a small computer of the $80,000 to
$130,000 class. This situation is almost ideal. Students
in the school have access to the computer on an
almost unlimited basis and, therefore, turnaround time
should be somewhat better than the courier service.
Unfortunately, little or no educational software e~ists
for this class of computer. This makes the teacher's
job difficult since many.questions will be asked by the
students which can be dealt with by a well-designed
compiler, assembler, simulator or operating system. At
present, one teacher also is saddled with the responsi-

bility of maintaining the services associated with the
computer, a time-consuming though interesting task.
(v) Key-driven terminals. Key-driven terminals, which
allow students to either converse with the computer or
enter programs for batch processing, are ideal if the
school system c~n afford them. Unfortunately, in a
large school, quite a number of terminals will be
required in order to provide a satisfactory service; i.e.
easy access to a terminal for a prolonged period of
time. The cost of the terminals and communications is
prohibitive for most schools. As well as the terminals
a high speed printer will have to be utilized to send
bulk output to the schools.
(vi) Card:reader-printer-terminals. A card-reader-printer
term mal to a computer is an effective method of
processing programs quickly. Such a system should
also allow turn-around time in the order of an hour or
two. Unfortunately, such terminals are expensive and,
m many cases, they cost the same as a small computer.
Both methods (v) and (vi) allow access to a large
computer system where adequate software should be
available. It would appear that no matter which technique
IS used there will have to be a compromise between fast
turnaround time and cost. Perhaps the best solution at
present is to use mark-sense cards and provide a courier
service between the schools and the central computer. Such
a solution would certainly be economical and the turnaround time could be reasonable if the courier service
operated on a frequent basis.
S. CONCLUSION
This paper has reported on the structure and implementation of the courses in computer studies in Ontario.
Computing and education are not static and it is worthwhile to make some predictions - educated guesses about the content and form that courses in computer
studies in Ontario will take in the future.
.
It is anticipated that computer science as described here
and the programming portion of the data processing course
will not remain separate subjects in the curriculum. Rather
the computer will be incorporated into many of the
different courses on a multidisciplinary basis. Students, of
course, will still have to learn how to communicate with the
computer and this may come earlier in the curriculum than
at present or may be integrated into courses as it is
required. This is a longrange prediction as to what will
happen to education in computer studies. For the short
term, the authors see the three courses, data processing,
computer science, and computer technology being integrated with a common base. To this end, the Curriculum
Section staff of the Ontario Departmen t of Education is in
the process of assembling a committee to revise the original
data processing program. The reader may recall that this
course introduced computers by a discussion of the evolution of computing devices together with an overview of the
sociological effects of the computer. The revision may, and
the emphasis is on may since the authors do not wish .(0
prejudge the committee, go into greater depth on the
sociological effects with the resultant shortening of the
historical study. Furthermore, the course may incorporate a
brief introduction to programming so that students can
decide whether or not they wish to pursue either data
processing or computer science, both of which involve
programming. The course may introduce electronics so that
students can decide whether or not to take computer

II/37

technology. Thus, it is anticipated that this course will
provide a general introduction to computing with particular
emphasis on what the computer is, and just as important,
what it is not; and it will provide a 'taste' of the disciplines
that can be built on the basic course. The name of this
course might be something like Information Processing
Concepts - An Introduction to Computing.
Figure 5.1 illustrates all the courses that have been
discussed this far.

They should not only learn of its tremendous power and
capabilities but also of its limitations and its dependence
upon human intelligence. People should appreciate that the
computer extends the human brain just as machines have
extended human muscle power since the time' of the
industrial revolution.
APPENDIX A

Computer Science Curriculum
Since the Ontario Department of Education's curriculum guideline for computer science was not ready for inclusion with this
paper, the authors have listed below some of the topics that have
been suggested by the curriculum committee for the problemsolving portion of the course. The list is not inclusive. Some
suggested topics are:

Basic Arithmetic

INFORMATION PROCESSING CONCEPTS

.- lI.n Introduction to Computing

Fiqucc 5.1

Planned Computer Education in Ontario

It is important to note that the flexibility provided by
the new organizational patterns that are evolving in Ontario
permits students to take more than one of these programs,
whereas the old patterns tended to inhibit this. For
example, a student 'proceeding towards engineering might
wish to take both computer science and computer technology. A student who is proceeding towards a university
education in business administration might wish to take
data processing and computer science. A student who has
decided on a career in computer programming might wish
to take data processing and follow this program with more
advanced courses in Ontario's recently established Colleges
of Applied Arts and Technology.
The combinations now provided are greater than ever
before. It is important to point out also that no grade levels
were indicated on the chart and this omission was intentional. Initially, the three levels are likely to occur at
Grades 10, II, and 12 or, even more generally, at the
second, third, and fourth year levels of secondary school.
At this stage, it is difficult to predict the evolution of
computer studies just as it is difficult to predict the future
of hardware and software development. But there is one
underlying factor that must always be considered and that
is that students from now on must have a knowledge of
computers, even if they only take a basic introductory
course. There must not be another generation that gives the
computer unwarranted respect or awe. People must understand it for precisely what it is; - a calculating device, a
tool for man to use, not one that uses him. People should
learn that the computer can be harnessed to work for them
as an electronic servant, releasing them from much of the
drudgery of the past. They must not fear the computer.
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Simple algorithms involving basic operations
Programs to show up errors introduced by computer arithmetics
(averages, division, fractional exponentiation, repeated addition)
Sequences and Series
Constant and varying differences between successive terms
Subsets of sequences: for example, specific multiples, numbered
terms
Fibonacci sequence
Evaluating transcendental numbers: for example n:e
Tabulation of Functions
Evaluation of polynomials
Production of tables using library functions
Production of tables without library functions: for example,
degrees to radians, squares, roots, powers, temperature scale
conversions
Conversions of Units
Time
Length
Mass
Money
Number Problems
Prime numbers
Euclidean algorithm: greatest common divisor
Prime factors
Entire radicals to mixed radicals
Fractions to lowest terms
Modular arithmetic: for example, carnival wheel problem
(Algorithms, Computation & Mathematics by School Mathematics Study Group)
Days of week formula (Problems for Computer Solution, by
Gruenberger and Jaffray)
Complex number arithmetic
Radix conversion: decimal to binary
Business Oriented Topics
Accounting applications: for example, payroll
Bills and coins necessary to pay employees in cash
Print cheque amount in words and numbers
Loans, banking, mortgage tables
True interest rates
Random Numbers
Generation and printing
Simple game simulation: dice, coin-matching
Geometry
Triangle existence tests
Collinearity tests
Herein's formula
Proportions
Intersections of lines
Pythagorean triplets
Determination of quadrants for points, distance from origin
Areas under curves
Science
Electricity: equivalent resistances
Calorimetry
Mechanics
Optics
The following suggested topics may involve subscripts:
Sorting and Searching
Finding largest and smallest of a list
Sorting into order

• Table look-up
Statistics and Probability
• Arithmetic mean, median, mode
Mean deviations and standard deviations
• Correlations
• Simple probability applications
• Counting numbers in categories
Iterative Procedures
Newton's method for square root
Bisection method for obtaining roots of equations of degree
greater than two
Newton's method for nth root
Synthetic division and Remainder Theorem
Diophantine Equations
Two-Dimensional Arrays
• Matrix manipulations
• Solution of linear equations
Graphing and Plotting Functions
.
• Effects of varying coefficients in polynomials of varying degree
• Trigonometric functions
Trigonometry
• Checking identities
• Solving triangles
• Evaluating trigonometric functions
Miscellaneous Problems
Character Searches
Linear programming
Critical path problems
Cryptograms

Simulation
Queuing, traffic lights, elevators, check-outs at supermarkets,
opinion surveys (using random number generator)
Simulating games: table tennis, volleyball, simple card games,
tick-tack-toe
The forgoing topics were assembled by the committee members
who had taught computer science for some time with the result that
there are no topics in the list that have not been attempted in the
classroom. It is fully expected that most teachers will not have
expertise in every topic area and for this reason a group of program
consultants, located in branch offices around the province, will
attempt to provide the communication link from school to school,
from town to town, and from county to county. The Ontario
Department of Education provides a staff of consultants such as
these for each subject area mentioned and actually it will be the
program consultants in mathematics that will look after computer
science.
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I. INTRODUCTION

1.1 Economic background to Computer Education in
Ontario
The province of Ontario is moving rapidly into the field
of computer education and may rightly be considered to
hold the leadership in this field among Canadian provinces.
Its position is a natural outcome of the distribution of
computing equipment in Canada. The. 1969 census of
computers published by the INFORMATION PROCESSING SOCIETY OF CANADA (1969) shows that Ontario
had 988 out of a total of 1928 computers in Canada, or
about 51% of the total. The economic foundations of this
distribution are laid upon the large concentration of
industry in southern Ontario, where Toronto, the provincial
capital, is located. With the average per pupil expenditure
now approaching' $1000,- or approximately £388, a year
($839, or £325, in 1966) in the public secondary school
system, instruction in the use of computers is something
less of a luxury than in other areas of the world. (Note:
Costs are generally quoted in this paper in Canadian dollars,
equivalent to approximately U.S. $0.92. Approximate
equivalents in £ sterling, converted at Canadian $2.58 per £,
are given for some of the more important cost figures.)
Although in absolute terms the investment in hardware
and teaching personnel for computer-related instruction is
perhaps more .modest than in some of the larger U.S.
centers, the Ontario experience has a number of
characteristics which make it unique. As an introduction
for non-Canadians to the Ontario milieu, a brief description
is given of a large school board, the North York board, of
which one of the authors has served for more than six years
as Superintendent of Computer Services.

1.2Data Processing and Student Programming in North
York
North York is one of six boroughs which make up the
city of Metropolitan Toronto. It occupies the northern
one-third of the city covering an area of 69 square miles.
There are 100500 students in grades K through 13 in 147
schools. A total of 5300 teachers are employed in a
tri-Ievel system (elementary, or grades K - 6; junior high,
Or 7 - 9; high school, or 10 - 13). The operating budget
for 1969 was $77 000 000 (approximately £29 850 000)
with an additional £23 000 000 (approximately £8 915
000) spent on plant improvement and new schools.
Education in Ontario is a provincial responsibility, though
Federal funds are available for assistance. Of the municipal
taxes paid' in the Borough of North York, 55.6% goes to
edUcation.
In 1965 the Board installed a 360/30 computer at their
administration offices and an 1130 at one secondary

school. The existence of the 360 is largely justified by the
administrative applications at the board although it is used
four hours each night for instruction. The total cost of data
processing operations for the current year is estimated at
$440000 (approximately £170500), or 0.51% of the
board operating budget.
Approximately 7000 students are involved in data
processing, computer science and familiarization courses in
the 42 secondary and junior high schools. Student programs
are written in FORTRAN or BASIC and coded on mark
sense cards. Programs are picked up by courier at the
schools before 15.30 each day, processed in the evening (up
to 2000 programs), and returned to the schools the
following morning. In addition to FORTRAN and BASIC,
several other language interpreters are used for instruction.
A full-time curriculum consultant is on the department
staff. His function is to assist teachers, develop support
materials, conduct in-service training courses, and supply
feedback to the Superintendent on the needs of the
schools.
The need for periodic hands-on experience is covered
either by two-hour workshops (available Tuesday and
Thursday on the I j 30) or by a travelling Hewlett-Packard
2J 14 which is moved to a different school each week.
2. CURRICULUM STRUCTURE
2. j. Objectives
The curriculum of Ontario schools differs significantly
from the U.S. model in that there is a tendency to
de-emphasize the specifically vocational aspects of education at the secondary level. Since it is recognized that
modern economic life requires the average person to change
jobs or careers more than once in his life, less and less effort
is being put into providing high school students with
directly marketable skills. The curriculum seeks instead to
provide the general intellectual preparation which later will
enable the student to acquire specific job-related skills as
they are needed (OLIVER (1968)). In the field' of
computer-related instruction this tendency is reinforced by
the rapid evolution of the data processing industry and by
the reticence of employers to hire directly from high school
for programming or related jobs. For students who are not
going on to university, a data processing option is available
covering general principles of data processing and use of
data processing equipment. Most graduates of these courses
require additional training to cope with the equipment of a
given installation. Many Ontario educators doubt seriously
whether training machine or keypunch operators to
professional effectiveness is most appropriately handled
through the public schools. A more realistic preparation for
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all levels of employment is offered at the post-secondary
level in 20 newly created Colleges of Applied Arts and
Technology in Ontario.
The Ontario curriculum is now at a turning point. A
draft set of curriculum guidelines for high school courses in
what is called "computer science" has been prepared and is
nearing release by the provincial Department of Education.
It will complement the curriculum guidelines published by
the department in 1966 for courses in data processing
(DEPARTMENT OF EDUCATION (1966». The turning
point is double. First of all, a recent reorganization of
education in Ontario has reduced the number of public
school boards from more than 1000 to 76 (DEPARTMENT
OF EDUCATION (1969)). The creation of the larger school
districts has been accompanied by decentralization of
curriculum control, which is now more directly handled by
the boards. The result is that, just as broad guidelines for
both data processing and computer science courses become
available, boards are free to decide on an individual basis
the degree to which they will implement the guidelines.
The second turning point, if one may call it that, is in
the inspiration of the new computer science curriculum. By
comparison with the earlier program in data processing, the
new guidelines place far less emphasis on providing students
with job skills. The emphasis is rather on problem solving
and the social implications of data processing technology. It
is not unreasonable to expect that subsequent revisions of
the curriculum will reflect the same tendency, though
surely to a lesser degree.

2.2. Structure of Course Guidelines
The model for curriculum development used in.Ontario
should be mentioned as an illustration of a method
intended to reconcile consultation with centralized
leadership. While the process is time consuming, the result
is usually a very workable, practice-oriented guideline. The
data processing course outline, for example, took two years
to develop. In 1964 the Minister of Education of Ontario
appointed a committee consisting of 14 representatives
including teachers, school inspectors, equipment manufacturers, and industry. During the following 24 months a
detailed course outline called RP33 evolved. At this point
the suggested curriculum was passed to the Curriculum
Division of the Department for ratification and thence to
the Minister of Education for final approval.
A similar procedure has been followed in the
construction of the computer science course. The draft
curriculum guideline is currently under study in the
Curriculum Division although closely related courses are
already being taught in 63 schools in the province. The
computer science course can be taught at any two of the
senior grade levels 1I, 12 or 13. Table 2.1 indicates the
relationships between the course components.
2.3 New directions
2.3.1 Familiarization programmes
The need exists to provide all young adults with at least
a basic conception of the power and range of computer
applications. Because the scarcity of facilities and trained
teaching personnel limits the numbers of Ontario students
who are exposed to the two main curriculum branches-data
processing and computer science-Individual school boards
have taken the initiative in organizing computer familiarization programs intended to reach the majority of students.
Some are very short, consisting of a visit to a computing
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center complemented by lectures, either in the home school
or the computing center. In other cases a four-week
familiarization course is offered in lieu of the regular
mathematics course. The familiarization programs are still
provided mainly in boards having their own computers and,
therefore, do not affect, as yet, more than a small
proportion of Ontario secondary students.
2.3.2 Experimental curriculum uses
In a more experimental vein, work is going on with a
view to using computer-based techniques to extend the
range of teaching alternatives in other subject areas.
Mathematics and the new computer science option are
frequently taught on an integrated basis, and immediate
applications are likely in chemistry and physics. In
connection with the evaluation of the multi-media materials
available as part of the Harvard Project Physics curriculum,
The Ontario Institute for Studies in Education is
cooperating with the North York School Board to assess
the usefulness of computer aids in teaching physics at the
eleventh grade level. The experiment, which is directed by
one of the authors, includes the use of terminals both for
computer assisted instruction-that is, administering programmed instructional materials via on-line terminals-and
for programming by students in the BASIC language.
3. HARDWARE ORGANIZATION FOR PROCESSING
STUDENT PROGRAMS

3.1 Funding
At the end of 1969 approximately 30 computers were
installed in Ontario secondary schools or school boards
(Table 3.1) and several were on order. The funding for most
of these computer installations can be traced to two
sources. First there is a considerable group of wholly owned
computers (mainly IBM 1130's) which were acquired
through the use of Federal-Provincial grants made to the
local school boards and are used principally for student
programming. The grants, which paid up to 70% of the first
$80 000 (approximately £31 000) of the cost of computers
installed in new buildings or additions erected for
vocational instruction use, have recently been eliminated.
Relatively little tax money from the local level was used on
the acquisitions, which otherwise would probably not have
been made in such numbers. The second group, whose total
dollar value far exceeds that of the first (cf. Table 3.2 for
typical hardware costs), have been acquired (on either a
rental or purchase basis) for primarily administrative
purposes, though student programs are processed on them.
In most cases these computers are installed in the city
school boards with a pupil enrollment of 50 000 or more.
The costs usually quoted for the operation of such
administrative installations, including personnel, are approximately 0.50 - 0.60% of the total operating budget of
the boards, or approximately from 5.00 to $7.00 per pupil
enrolled. Only the instructional, non-administrative applications of these computing installations are considered below.
3.2 Alternative configurations
Five different organizational patterns for processing
student programs are in use in Ontario: I) administrative
computers with batch processing, 2) administrative
computers with combined batch processing and on-line
access, 3) stand-alone dedicated systems, 4) timesharing
(multi-access) systems, and 5) outside service bureau use.

3.2.1 Administrative computers with batch processing
Student programming is the fastest-growing application
area within the boards having established administrative
computing systems. For example, the Ottawa school
system, which used 400 machine hours for processing
student programs in 1968-69, is faced with a more than
twofold increase in student enrollments during 1969-70
(BURWELL (I969)). Similarly skyrocketing enrollment
figures are being widely felt and have resulted in a trend
towards using non-standard language processors instead of
manufacturer-provided software. The board language
specifications required by the professional programmer are
hardly necessary for the typical student program of, say, 20
statements. Simplified syntax, very rapid compilers, and
in-core interpreters are the order of the day.
Under present conditions, most installations are able to
cope if they can process from 100 to 400 student programs
per hour. The only major difficulty is in obtaining rapid
turnaround. In larger cities, where most of the administrative systems are installed, it is sometimes possible by
careful scheduling of courier services to provide one-day
turnaround, programs submitted during one day being
delivered to the schools the following morning. Experience
has proven that a two-day turnaround is acceptable but that
turnaround is less important than the reliability of service.
The authors estimate the cost of processing student
programs on a typical administrative computer at
approximately $0.15 to $0.25 (14 d. to 23 d.) per student
program, or an average of $25.00 to $35.00 (approximately
£9.13.9 to fI3.11.4) per student per year. This cost figure
includes overheads for computer usage but not the cost of
transcription of student programs (mark sense punching,
keypunching, and so forth). The assumptions of this
calculation might be for a given installation: 60.00 per hour
of machine time, an average of 0.75 programs submitted by
a student on every day, a school year of 190 days, an
average of 143 programs per student per year, an average
processing speed of 300 programs per hour. The
assumptions yield a cost of $0.20 per program and $28.60
per student year.
It is important to note that most school boards which
have justified the cost of a computer installation on the
basis of its contribution to administrative effectiveness, do
not consider student programming as more than a marginal
addition to their costs. Is is viewed as a beneficial
by-product of better administration.
3.2.2 Administrative computers with on-line access
The Toronto (city) Board provides the only example of
an administrative computer to which on-line access is
provided for students. Student programs are sent by courier
to the compu ter center for key-puching. They are then
entered into the system, an IBM 360/30, in batch mode,
compiled (except for those which run under an interpreter),
executed, and stored' on disc under a user number. The
output is sent to the schools. Students are then able to use
one of 18 terminals installed in schools to submit
corrections to their programs. Except for a period of the
day when the system is dedicated to operate in an
Interactive mode, the corrected programs are stored for
processing again that evening. The system handles from 700
to 800 programs a day in this fashion. The major advantage
claimed for the system is the rapidity with which
programming errors

can

be

traced

and

corrections

reSubmitted. From the operations viewpoint it has certain

drawbacks, particularly the necessity of dedicating a
foreground partition (20 K. bytes) of the computer for
prime time each day. The entire system is dedicated during
interactive operation. Total equipment costs are somewhat
higher than those in similar systems using entirely batch
mode.
3.2.3 Stand-alone dedicated system
Most of the dedicated systems in use are IBM 1130's,
with a capital value of somewhere between $75000 and
$85000, depending upon options. In most cases they are
used to service the needs of from one to five schools,
processing programs submitted by a number of students
varying from 150 to 800. In order to expand the utility of
these systems, they are frequently used for visits by
classroom groups for familiarization purposes. A variant of
this is provided by the small portable computers which have
recently begun to be marketed in large number. Small
PDP-8's, selling for less than $10000, and HewlettPackards, in the $25 000 price category, were in use at the
end of 1969 for familiarization courses. In order to avoid
disrupting several class periods for visits to an outside
computing center, the small computer can be loaned to a
school and left for several days. A visit with hands-on
experience can then be arranged for a single class period.
3.2.4 Timesharing (multi-access) systems
Use of timesharing systems is with exceptions confined
to experimental work of the type mentioned above in
connection with the evaluation of the Harvard Project
Physics materials. Proposals have been made to set up
dedicated timesharing systems to serve student programming in schools over a large geographical area, but they
have so far met with little success. Meanwhile, the Ontario
Institute for Studies in Education has acquired a TSS-8
timesharing system, manufactured by Digital Equipment
Corporation, and is evaluating its performance/cost
characteristics in the light of its possible use at the
secondary level. Software is being developed to permit the
use of the system in tutorial (CAl) instruction.
The advent of timesharing systems is sometimes viewed
with mixed feelings (not shared by the authors), since
teachers fear that a terminal would not be easy to manage
in a classroom situation where students would have to
queue for turns. The high cost of connect time to the usual
commercial timesharing systems ($8.00 - $13.00 per
terminal hour) has also been a strong deterrent .to
multi-access usage. The possibilities of off-line punching of
paper tape for entry into a timesharing system by, for
example, an ASR-33 Teletype have not been adequately
explored. (The neglect probably reflects the deep anti-paper
tape bias widespread in North America.)
3.2.5 Outside service bureau use
In several areas school boards are using outside service
bureaux for processing student programs. The most widely
used service in this category is provided by the University
of Waterloo computing center, which charges a fee of
$40.00 per year for each student. The fee includes the cost
of keypunching the student programs centrally and does
not limit the number of programs the student submits.
Similar services are offered by some of the community
colleges (colleges of applied arts and technology).

3:3 Data transcription
It would be inappropriate to conclude any discussion of
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hardware for student programming without mentioning the
problem of data transcription. No fully satisfactory
solution has been found under any system to the problem
of student program input. The high cost of keypunching
has led to experimentation with mark sense cards and
optical page- or card-readers, Mark sense systems have been
implemented successfully but they are characterized by
unnatural formats which limit statement size and
complexity while providing an additional obstacle to the
learner. Although optical equipment continues to be
plagued by the well-known difficulties of maintenance,
reliability and cost, there are indications of rapid
improvement in the quality of equipment delivered.
Examples of typical mark sense card formats used" for
programming in schools are given in Figure 3.1.
4. LANGUAGES FOR STUDENT PROGRAMMING

4.1 Educational Objectives and language Requirements
The general trend in Ontario schools is "away from the
use of traditional manufacturer-provided software for
instructional programming. The need to cut down on
machine processing time is only one factor in this situation.
There are more important educational causes, the search for
better student languages. 'Better' is defined here as obeying
two general principles: Firstly, the language should be as
simple as possible in order to provide a minimum of
obstacles to the learner. Secondly, it should have
capabilities suited to the curriculum objectives. Fortunately, in Ontario, there is no inherent contradiction between
these two principles, because job training is de-emphasized,
However, if the curriculum objectives were to turn out
professionally trained programmers suitable for immediate
employment, one would naturally be forced to train
students in a realistic environment, introducing them to all
the syntactic obstacles which two decades of haphazard
evolution have built into the standard repertory of
programming languages.
Three general types of curriculum objectives are being
pursued, each corresponding to a certain set of language
requirements. These are: familiarization; 'data processing',
in the sense of the Ontario curriculum guidelines; and
'computer science', or algorithmic problem solving.
Familiarization courses and the introductory phases of both
the data processing and computer science options require a
low-level language which will give the student the feel for
how the computer goes about its tasks, relating structural
features to data processing capabilities: for example, data
storage in words, data movement through an accumulator
or register, and simple arithmetic and logic. Data processing
requires, in addition to simple arithmetic and logic,
facilities for data movement within the program as well as
external file control. The course in computer science, on
the other hand, requires a sophisticated computational
ability with only minimal requiremen t for inpu t/ou tpu t.
4.2 Ontario developments
Because most real machine languages or assembly
languages are totally unsuitable for teaching a familiarizetion course in computing, homegrown pseudo-computers
have been invented throughout the world.
Ontario is no exception to this rule, and school boards use
several interpreters for executing programs for these
pseudomachines, e.g. HYPO (North York Board), SALE
(Toronto Board), SPECTRE (University of Waterloo); cf.
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DAY and HULL (1969), CHONG and LEE (1969),
UNIVERSITY OF WATERLOO (1968). However, expert.
ments are going on to determine whether the restricted
instruction set on some small computers in the PDp·8 class
is suitable for introductory teaching.
The data processing course requirements are difficult to
satisfy using manufacturer software. Good results have been
reported using a subset of COBOL provided by Honeywell,
but compilation speeds, though fast by industry standards,
are nevertheless considerably slower than is desirable in an
environment where hundreds of programs must be
compiled daily. The PL/l subset SL (Student language) is
of course used in all 1130 installations because of its
availability (WILLIAMS (1970). The major criticism
addressed to the language itself is syntactic complexity. In
addition, in the typical installation where SL is used, the
only backing storage is a single small disc, with the result
that file-handling capabilities are minimal.
Practically no use is made (except for special students) of
the COBOL or PL/l compilers available for the System
360.
Two major efforts have been made to provide suitable
languages for the data processing option. The Toronto
(city) School Board has devised a language called SPL, or
Student Programming Language, which is adapted to use in
the on-line program correction mode. It is implemented as
an in-core interpreter so that there is no compiling
overhead. It provides file handling facilities at a level
somewhere between an assembly-language macro system
and COBOL and is used almost exclusively within the
Toronto Board. At the North York Board another language,
called ICL. or Introductory Computer Language, was
written as" an interpreter for the 360/30. Because it
combines filehandling and data movement facilities with
simple syntax, its use has extended rapidly beyond the
originating board. ICL interpreters are in use on
IBM 1130's, the Honeywell 200 series (renamed Honeywell
Introductory Language), Univac 9000 series, NCR Century
Series, and the GE 235.
The computer science course requirements have given
rise to far less activity in new language development.
FORTRAN is widely taught and accepted by teachers
because of the close correspondence between algebraic
notation and FORTRAN script. The great difficulty
experienced by most students in mastering FORTRAN
syntax and input/output formatting is generally accepted as
inevitable. The principal competitor of FORTRAN for
teaching purposes, BASIC, has not been offered until very
recently on any of the school board machines. A BASIC
interpreter has now been written in one board, BASIC
programming is used in connection with the Harvard
Project Physics experimental project, and an in-core BASIC
compiler is offered as standard software on the
Hewlett-Packard equipment which is beginning now to be
used. Because of the clear superiority of simple languages
for teaching purposes, it appears very likely that the next
few years will see widespread acceptance of BASIC and
JOSS·like languages such as FOCAL.
5. CONCLUSION
This paper has discussed trends of great potential
significance for the future of education in Ontario. The
creation of a broad range of curriculum alternatives, the
spread of computing facilities now encouraged by falling

equipment prices and the formation of larger school boards,
the use of better adapted software for young learners - all
these developments make it likely that within a ten-year
period nearly all secondary students in Ontario will be
receiving a basic familiarization with computing and a large
proportion of these will have had an in.-depth.exposure to
computing technology. Ontario IS moving rapidly towards
providing what may be called 'universal computer literacy'.
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I. SURVEY OF ACTIVITIES IN SCHOOLS

3. PACKAGES·USAGE

The use of computers in schools is widespread. It falls
into three distinct areas. The computer is used for
administrative purposes. It is used to assist in the
educational process in varying forms of computer-aided
instruction and it is used as an integral part of courses
which give instruction in computer topics. This paper will
consider mainly the last field, although some overlap with
the second area is inevitable.
Most of the computer courses in schools exhibit two
features, a close association with mathematics and a good
deal of development of programming skills. In recent years,
there has been a movement to create courses of a more
general nature which deal with the computers as a
functional part of society. It is clear that in the 70's the
computer will increasingly affect the lives of our citizens
and it is important that the educated, voting citizen
"appreciates" the power and capabilities of the computer.
It must not be another scientific mystery. It is, after all,
basically an Information-Processing device which society,
like an individual man, must use to extend its capability for
solving problems. One of the most valuable resources of
modern society is Information and society i.e., citizens,
must learn to preserve it and help to avoid pollution.

The field in which packages can be used most obviously
is the examination of modern computer applications. Here
one can develop programs which will demonstrate modern
computer usage. One can demonstrate batch processing
problems and real time systems. To this end one can
simplify the real situation, say airline booking, and build a
package which enables the students to take the part of the
various operatives, say managers, booking clerks, air
hostesses and passengers. The obvious advantage of such an
approach is that the students, already aware of basic
programming concepts, are able to identify the problems in
a real time system without having to indulge in any long,
tedious and far too technical programming projects. In
general, one can make available programming expertise to a
wide range of students and make clear their responsibilities
in the planning stage of a system, even if they are not to be
involved in systems analysis or programming. The second
use of packages is to show students how they can use
information systems as tools in their areas of interest. A
student would learn how to make use of a computer and its
software without writing programs. The use of other
peoples' programs is an excellent lesson in communication.
Documentation problems in the computer world are in a bad
state and the fault is not all with the experts. Finally, one
can draw students attention to the new type of techniques
available in information processing as a result of computer
applications. The use of PERT on problems identifiable to
the students is an example of this. One could also develop a
package which demonstrates the computer at work in
hospitals. The use in intensive care units is easy to
understand and one can demonstrate the problem of
communication between the nurses and the system and the
establishment of a working vocabulary between the
computer and a body of nurses.

2. INTRODUCTION
It is necessary to provide computer education for all
Our future citizens. The most important need is for
"appreciation" courses which give citizens a good understanding of how the computer is being used, how it could
be used, i.e. its potential, and the extent of their
responsibilities as integral parts of information-processing
systems. Such courses will have varied syllabuses, depending
on the type of students being educated. There will be a
general course for everyone and then supplementary
courses for students who can be identified as being ones
which will have more intimate involvement with computers
in their future lives. This latter group will involve students
destined for fields such as clerical, administrative, and
planning; students going on to higher education in all
disciplines, and students intending to go into professions
Such as teaching, legal work and medicine. The contents of
such courses will develop during the next decade but its
basic components are identifiable at present. It will contain
the basic concepts of computer programming, the organization and planning of information systems, the application
of computers to specific problems and the study of
hardware and the problem of interfacing systems. In this
paper, the idea of using packaged programs to help
implement these objectives will be briefly examined.

4. PACKAGES·DESIGN
Although one wants to use modern applications, in
most cases the real package program is not suitable. One
needs to design a simplified system, so that the students can
cope conceptually with the real situation and not be
confused with technical details. It is also inportant that the
packages are relatively inexpensive to use, both in hardware
and computing costs. One thus cuts' the size of files to a
minimum and, where necessary, simply simulate' interaction
with non-visible parts of a system. One can simulate a road
traffic control problem without having sets of lights, by just
considering the control panel situation and of course, to
control a rolling mill one does not need white-hot ingots.
Of course, supporting film of the real situation is very
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useful. One other design feature is the form of communication with the student. It is necessary to limit the hardware
aspect to common, cheap devices and to make sure the
"language" is appropriate to the student. In most real
systems, jargon is involved and thus has to be reduced to a
minimum, as it is by newspapers. It is desirable that these
packages are made available in various high-level languages,
so that they can be implemented on whatever equipment is
available to the school. It is also helpful if the associated
documentation is comprehensive, as it has been found that
packages of this kind are in need of constant change, if for
no other reason than that the students are changing.
The packages seem to fall into four distinct categories:
1. Simplified forms of application programs
2. Simulation of systems involving simulating the environment's reactions

3. Processing tools
4. Demonstrations of techniques
Considerable effort is needed to develop a good pool of
such programs, which should be made available to all
teachers. Costs of development could be supported by
publishers, who produce texts to be used with the packages.
5. USE OF PACKAGES IN APPRECIATION COURSES
FOR 13-14 YEAR OLD SECONDARY SCHOOL
PUPILS
5.1 Background
The North Staffordshire Polytechnic developed a pilot
project with the Staffordshire Local Education Authority,
to provide computer appreciation courses for pupils in
secondary schools, operated by the Authority. The schools
involved in the project were secondary modem, grammar
and comprehensive schools and were both mixed and single
sex. This means the courses are available to all kinds of
pupil. The project involved the initial education of teachers,
the developmen t of outline curriculum by working parties
involving the teachers, the development of teaching
materials to be made available to participating schools. To
enable more schools to participate, the scheme involved
courses for one" term only. During the term access to
computer facilities at the Polytechnic was made available.
In the first year of the project, thirty schools participated,
which involved over 1.000 pupils. Each school developed a
variant of the basic course to suit, the needs of the school
and the confidence of its teachers in using the facilities
made available.
5.2 Use ofPackage
The course is in two parts: one deals with elementary
programming and occupies the first two thirds of the
course; the other deals with applications in modern society
and completes the last third of the course. It is intended to
use packages in this latter part of the course. In the long
run, several alternative packages will be made available. At
present, emphasis is laid on the use of interactive systems
and the use of computers and communications networks. A
start is also being made on simulations. A package is
prepared which simulated traffic flow through traffic
tights. A package simulating an airline system is being
developed. Two technique packages are available. The most
obvious one is PERT; the other is one which produces
perspective coordinates for plans and drawings.
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6. THE USE OF PACKAGES IN APPLICATIONS
COURSES FOR SIXTH FORM PUPILS
6.1 Background
While the North Staffordshire Polytechnic was establishing the courses detailed in 5.1, it also laid the
foundations for some courses for sixth formers. These
courses were designed to be "applications" courses where
students were shown the relevance of computers as a tool in
their field of specialized study. It is intended that the
students would learn to use the computer as a tool and also
as an aid in developing relevant subject material. It was
envisaged that all sixth form students would be going on to
some form of higher education and it was vital that they
should develop"beyond the appreciation level. They should
go forward to college and university equipped to make use
of the computer facilities as naturally as they make use of
the library. In a similar way, they will go on to learn how to
use the facilities in a more mature way but they should
have good ground work on which to develop. The higher
educational institutes cannot be expected to deal with this
elementary preparation.
6.2 Science Specialists
The application in this area is clear cut. Many packages
exist and most of the work on the course will involve
showing students how to make use of the powerful
mathematical tools available. One of the most useful tools
are the statistical packages. It is also hoped to develop
various kinds of simulations to indicate their usefulness.
One has been developed which shows how you can examine
the combination of chromosomes and build models to
consider the mechanisms of mutation. This enables pupils
to assign patterns and to change the probability of various
combinations in the model and of causing mutations in
given areas of a chromosome.

6.3 Arts Specialists
In this area more difficulty is encountered in
establishing a direct application area. In the more
quantitative areas such as social studies, again statistical
work is .Irnportant. More specialized areas are going to be
developed by creating packages, which demonstrate the use
of computers in linguistic analysis, language translation and
the problem of printing information for communication
purposes; i.e., spacing, margins, hyphenation, ect. In the
future it is hoped to develop some simulation games, where
the students can participate in decision-type games. For
example, we may develop economic models and battle
strategies for history students.
6.4 General Studies
This field is easier to tackle, as it involves specialized
computer applications. It is intended here to use the PERT
package, LINEAR PROGRAMMING techniques and some
simple gaming simulations. Use is also being made of the
standard management games. Two are currently available;
one involves the marketing of lead acid accumulators; the
other is based on the hotel-motel business.
7. USE IN APPRECIATION COURSES FOR
NON-COMPUTING MAJORS IN A COMMUNITY
COLLEGE

7.1 Background
A community College is a new form of two-year college
which is spreading in the United States of America. It takes
all kinds of high school graduates. The better pupils follow
"transfer programs" and go on to four-year colleges to
complete their bachelors degrees. The pupils are over the
age of 18 years, but in academic development, somewhat
similar to sixth formers in the United Kingdom. The college
is locally based and in non-residential. It generally operates
what is called an open-door policy, which means, that all
non-prerequisite courses can be taken by any student. The
college provides a course, "Introduction 'to Data Processing", which is designed for students in the Business,
Clerical and Secretarial areas. This course aims to give the
students an appreciation of how computers will affect their
future careers.

7.2 Packages Used
The course is a three credit, single semester, course

which means the students get something like 50 hours of
tuition. Three packages were used on this course.
Initially a package simulating an on-line student record
system was used. This system simulated the enrolling of
students and simple data collection. At the first and second
class meetings the students had to enroll again through the
system. They experienced the problems 'of identification
and, with some prompting, observed how various data
checking facilities could be built into the system. At the
end of the practical sessions, they were required to describe
the operation of the system, criticize its form and suggest
improvements. Emphasis was laid on the preseniation of
information, ambiguity and data errors.

In the middle 01 the semester, another package was
used. This was a sales analysis package developed from the
City and Guilds model job number 3. The system was
explained in detail and demonstrated in action. The
students were then given individual projects, which required
them to use the computer themselves, to get a sales
analysis and then to comment in general terms about the
value of such systems to a business.
Towards the end of the course, PERT was introduced
and a simple problem (from "Mathematics in Management")
was used. The problem was evaluated as a class project and
the results of the first analysis were discussed and a new
revised network was produced. A subsequent run was made
which enabled further discussion to revolve around the
effect of the changes.
The packages proved an outstanding success and added
considerable vitality to the course. As a result the students
developed a more realistic view of modern business systems
and the problems of using and implementing them.
8. CONCLUSION
The use of packages is without doubt a valuable tool in
computer education. A great deal of the effectiveness
depends on the familiarity of the teachers with the package
and to a lesser degree on the quality of the package. There
is an urgent need for the production of packages on a
commercial scale. More imagination must be used in
developing them in the less obvious fields. This would then
require a number of courses to enable teachers to evaluate
the new material and discuss its use.
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OF

COMPUTER

USES

IN

SECONDARY

SCHOOLS
Charles A. Darby, Jr. & Arthur L. Korotkin

I. INTRODUCTION

regarding computer applications in secondary schools in the
United States.

I.I Background
Since the development of the computer, the United
States has become not only the leading producer of
computers, but also its leading user.
However, one of the last sectors of the American society to
be influenced by this new technology has been the
educational establishment. The most typical use of computers in the school environment is for administrative
functions, such as accounting, payroll, and other business
applications. These applications have tended to flourish in
schools at all levels. Education has been able to borrow
these well developed and standardized applications from
other disciplines and introduce them with minor alterations, into the schools.
On the other hand the introduction of computer
applications in the instructional process has been relatively
slow. Although the computer as an instructional tool has
been the focus of considerable research and development,
the spread of instructional innovations has not kept pace
with the apparent need. Many of the instructional
applications are not highly standardized and therefore not
easily transferable from one school setting to another.
However, it appears that a large proportion of new
computer applications do not spread from their originators
to other schools, mainly because of lack of information.
The sharing of information among secondary schools has
been particularly poor regarding instructional application
and to a less degree, administrative application.
The paucity of information regarding these computer
applications has plagued public agencies in the United
States charged with the responsibility for assisting the
nation's schools in the quest for improved education. The
simplest facts regarding the number of computer applications is unknown. Therefore, it is not surprising that
important information relative to the purpose and nature of
.these applications is not available. As a result the spread of
computer use has not been systematic. Only isolated
examples of systematic sharing of knowledge among
schools about computer applications exist. It seems that
computer utilization' has been restricted to a limited
number of users within 10 to 15 core regions clustered
around the major urban centers in the United States. Little
of the wealth of knowledge' gained by these users has been
shared with other nearby schools, much less with the larger
number of schools outside of these regions.
The National Science Foundation and the United States
Office of Education are two government agencies which are
particularly concerned with improving education in the
United States. The remainder of this paper describes a
survey designed to gather the critically needed information

1.2 Purpose
In June 1969 the American Institutes for Research
(AIR) responded to a request by the National Science
Foundation (NSF) to assess the level, purpose and nature of
computer use in secondary schools in the continental
United States. NSF boldly suggested a survey of every high
school with one or more of grades 9 through 12. This
included approximately 23.000 schools in the United
States.
More specifically, the survey proposed to gather
information about two categories of computer applications
in secondary schools. First, regarding administrative applications of computers, the survey proposed to gather
information relative to the number of schools using
computers for their applications and the arrangements they
have made for using computers. Secondly, regarding
instructional applications, in addition to the information
gathered for administrative applications, the survey was
designed to assess the commitment of schools to the
instructional use of computers in terms of resource
allocation (dollar and professional staff). The impact of the
application on students and, finally, a description of how
students actually use the computer and the purpose of
these uses were to be described. (See Appendix for sample
questionnaire.)
2. COLLECTING DATA, DESIGN AND PERFORMANCE
To accomplish these objectives, a survey was designed
which consisted of the following major phases:
Definition
Questionnaire development
Questionnaire dissemination
Interview follow-up
These study phases are described in this section. At the
time of the writing of this paper the first two phases have
been completed. The Questionnaire Dissemination Phase is
half completed and the Interview Follow-up Phase is still in
the planning stage.

2.1 Definition
The first step was to agree upon operational definitions
for the several terms critical to the study. It is particularly
critical in questionnaire surveys to provide clear, concise
definitions. If meaningful data are to be gathered there
must be a reasonable consistency to the interpretations
respondents given to the terms in the questionnaire. The
definitions which were agreed upon follow:
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• Computers
For the .purposes of this study, the machines defined as
computers are general purpose computers which operate
under the control of a stored program. These computers
include the central processing unit, auxiliary storage,
communication links, and all peripheral equipment. They
are capable of producing more than routine mathematical
computation as the end product of their operation. The
programmable desk top calculator is included only when it
is operated with a stored program. Electronic accounting
machines are specifically excluded in this definition.
Two general categories on computer use, instructional
and adminiatrative, were agreed upon. The applications
withing these categories were defined as follows:
• Instructional applications
Applications referring to classroom and laboratory
learning situations where the computer is involved in the
instruction of students included:
Computer-assisted-instruction, including drill and practice, tutorial and dialogue modes using programmed
instructional techniques.
Computer used as a computational aid to problem
solving in classes and laboratories for science, mathematics, accounting, economics, etc.

Teaching electronic data processing skills to students,
including the preparation of input, machine operation,
programming and systems analysis skills. The instruction
must include the running of a program on a computer.
Gaming and simulation of real life situations using a
computer.
Computer-mediated instruction involving TV, film, etc.,
including the use of the computer to control the
presentation of media in the classroom or other learning
situation, or to analyze multi-media classroom res-

ponses.
Any other classroom or laboratory learning applications.
Applications with the management of instruction,
guidance, and counseling, where for the most part, the
computer is involved indirectly in the instructional process
by providing information to teachers and counselors
included:
Management of instruction, including individual instructional diagnosis through the analysis on a computer of
student learning needs and progress and the prescription
of individual instruction.
Guidance and counseling, including academic guidance,
occupational counseling, and personal adjustment counseling. A computer might be used to score and analyze,
or retrieve information concerning such assessment

measures as ability and achievement tests, personality
profiles, occupational interest data, etc. (When test
scoring and analysis is performed by a commercial test
publisher, it should not be reported here as a computer
application in your school).
Any other application of computers for instructional
management, guidance and counseling.
All administrative applications of computers included:
Student accounting - to arrange student schedules; to
keep student records, such as educational history,
attendance, grades; or to prepare report cards, etc.
Resource management - to schedule transportation,
classrooms, etc.; to maintain personnel and financial
records; or to allocate materials.
Planning - to plan for future resource allocation. by
projection of enrollment, census-taking, educational
system simulation, etc.
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Research and evaluation - to study and evaluate
teaching methods, the learning process, curriculum,
instructional materials,etc.
Any other administrative application.
• Access to the Computer
To be included in this survey, it was not necessary that a
computer application involve a computer which was located
in the school. We were concerned with the use of
computers in any or all of the following ways:
Immediate access - Computer physically presen t in
school or school system, either owned or leased.
Remote access - Terminal in school, connecting with
computer at any location (e.g., a network of schools or
time-shared system).
Periodic access - Computer located close enough to
school that visits can be made to use the computer.
• Funding
Schools were asked to report in this survey only those
computer applications where the school or school systems
were responsible for some portion of the cost of the
application. That is, some part of the cost of the
application must come from the operating budget of the
school or school system, regardless of the ~ource of the
support and nature of the investment. The investment, for
instance, might take the form of staff time devoted to the
application, just so long as the cost of that staff time IS part
of the operating budget.

2.2 Questionnaire development
With these definitions agreed upon, the questionnaire
was developed. First it was decided that there would be two
mailings of the questionnaire. The first would be sent to all
the secondary schools which had one or more of grades 9
through 12. The second mailing would be sent to those
schools which did not respond to the first mailing. All mail
was addressed to the principal of the school.
It was decided that the questionnaire should: (a) be
modular, thus requiring a minimum of effort on the part of
nonusers; (b) gather information about instructional computer uses primarily, with only general information about
administrative applications in the schools: (c) be as bnef,
clear, and explicit as possible while still obtaining the
needed information; (d) provide for responses in a mode
amenable to accurate compilation, analysis, and interpretation.
The questionnaire was constructed to gather information including:
(a) Demographic data about the school (grades, enrollment,
staff size, type, percentage of graduates going on to past
secondary education, etc).
(b) Previous and anticipated use of computers.
(c) Present use of computers (which application presently
involved in).
(d) School budget and the portion of'the budget allocated
to instructional application of computers.
(e) Computer systems in use.
.
(I) Detail information regarding each instructional apphcation such as: purpose, subject areas covered, number
of student and teacher participants, hours of student
and teacher use per month, computer time used per
month, software preparers for the system, programming
language use, a description of the actual tasks performed
by the student and the sources of support and amount

contributed by each source.
Considerable effort was expended in the construction of
the questionnaire. It underwent numerous revisions before
it was ready for field testing. The draft questionnaire was
field tested in several secondary schools in the Washington,
D. C. area. Staff members of these schools were interviewed
in order to cover ambiguities in the questionnaire, difficulty
in obtaining the requested information, the amount of time
and effort required to gather the data, and the degree of
reliability and validity we could expect from the data.
Following the interviews, the questionnaire was revised
again and submitted to NSF for final approval.

2.3 Questionnaire dissemination.
While the questionnaire was being approved, AIR made
arrangements with the National Association of Secondary
School Principals (NASSP) for the use of a magnetic tape
file of all secondary schools in the United States. When the
questionnaire was approved and printed, the magnetic tape
file was used to print address labels for mailing. The first
mailing of the questionnaire was completed near the end of
January 1970. The mailing list provided by NASSr proved
highly accurate. Only 200 schools on 'the list could not be
included in the survey because their addresses were
incorrect or they were not public secondary schools as
defined.
A second mailing has just been made in order to prod
those who have not yet returned the questionnaires:

2.4 Interview follow-up.
As the questionnaires are received and data cards
keypunched, AIR staff members are locating the schools
which have reported computer uses on a map of the United
States. Each school which reports one .or more computer
applications is being represented by a pin stuck in the map.
Each pin is color coded to indicate whether the school uses
computers for administrative purpose only, both instructional and administrative purposes, or instructional purpose
only.
From this map, core regions where a concentration of
instructional computing activity is going on will be
identified. Approximately ten regions will be selected for
follow-up interviewing. Five schools in each region will be
visited by a two-man team.
During these school visits, data reported on the original
questionnaire will be verified through interviews with key
personnel and observation of the programs. The method by
which school personnel arrived at data supplied on the
questionnaire will be discussed (e.g., means by which level
of student participation was calculated). Key areas of
information will be probed and discussed. These observations plus amplification of data collected on the
questionnaire will provide background material for making
the final report reliable, valid and relevant.
3. DATA ANALYSIS AND INTERPRETATION
At the time of the writing of this paper, we are still in
the process of collecting data. The results of a full data
analysis will be available in June of this year. Some
preliminary observations based on the questionnaires
returned to date and our plans for the complete data
analysis and interpretation are discussed in this section.

3.1 Preliminary observations
From early returns (approximately 2000) some preliminary observations can be made. Based on the literature
review, conducted in connection with this survey, we have
estimated that there are between 700 and 1000 secondary
schools in the United .States using computers for instructional purposes. Thus far, we have received responses
from approximately 350 instructional users. Nearly 90% of
these users also use the computer for administrative
purposes. An equal number of schools reported administrative uses only. As would be expected, a greater
percentage of users, especially instructional users, are
responding than non-users. Generally, the computer users
are proud of the work they are doing and welcome the
opportunity to tell somebody about it. We will verify our
suspicion that there is a greater percentage of users among
the respondents than among non-respondents by telephoning a random sample of non-respondents to determine
the degree to which they are using computers.
If there is a significant difference in the degree of use
between respondents and non-respondents any generalization drawn regarding all secondary schools in the United
States will have to be qualified. We are pleased about the
return from instructional users. If our predictions hold up,
we should receive responses from a high proportion of all
instructional users in the United States.
The earliest returns from schools using computers
showed clustering around the following geographic regions:
New York, Boston, Washington, D. C., Detroit, Chicago,
Minneapolis-St. Paul, San Francisco, Los Angeles, Portland
(Oregon), and Seattle. It is obvious, with no exceptions,
that these regions cluster around large metropolitan areas in
the United States. As expected, there are large gaps
between these clusters. In these gaps there are large
populations centres where few, if any, computer applications have been reported. There has been little change in
the clusters since the earliest returns. Existing clusters have
become more diverse and few new clusters have emerged.
There is no reason to believe that subsequent returns will
significantly alter this pattern.
During our literature survey we were surprised to find a
large number of guidance and counseling applications
reported. In addition, our early returns indicate that the
most frequently reported application is guidance and
counseling. Computer-assisted-instruction, Problem Solving,
and training from EDP Skills are all reported with about the
same frequency. It should be interesting to see if later
returns continue to follow this pattern. Those schools
which have at least one instructional application tend to
have at least one other application, either administrative or
instructional. There are probably several explanations for
this situation. Regardless of the reason, there appears to be
a strong commitment among these schools to the use of the
computer.
3.2 Planned data analysis
A detail plan for data analysis has been developed and
computer programs are being written to perform this
analysis. The data will be analyzed with the intention of
providing the information described earlier in this paper.
Most of the data will be summarized largely by
frequency statistics, measures of central tendency, and
dispersion. There are some narrative data from the
questionnaires and interviews which will be content
analyzed. Analysis of these data will assist in drawing

II/53

interpretations from the numerical data.
The strategy for integrating and analyzing these data has
been carefully worked out in order to provide answers to
the questions discussed below. As so often happens, we
anticipate that new questions will be raised as the data are
analyzed. Depending upon the degree to which these
questions are relevant to the purposes of the present study,
an attempt will be made to provide answers to them.
Stated generally, the purpose of this study was to
determine the level of administrative computer applications
in secondary schools and the level, nature and purpose of
instructional computer applications. The discussion below
breaks down these general information areas into specific
questions to be answered.
a. What is the extent of the use of the computer? (how
many schools are using the computer? )
b. To what extent are the students and teachers involved in
the use of the computer?
I. How many student participants are there?
2. How many teacher participants are there?
3. How much time do the students spend using the
computer?
4. How much time do the teachers spend using the
computer?
c. What is the level of commitment of educational
resources?
I. How many different computers are being used?
2. How much time is available for use?
3. How much time is the computer actually used?
4. How much money is being used on computers?
5. Extent to which school prepares software for the
computer.
6. Extent to which schools have committed themselves
to having access to a computer.
7. Reason for which computer was originally obtained.
d. What is the nature and purpose of the educational uses
of the computer?
I. What are the different ways in which computers are
used and to what extent is the computer used for
each of the different ways?
2. What are the various purposes for which the
compu ter is used?
e. Who provides the support for the educational uses of
computers?
I. How many and what percent of the total dollars
budgeted for computers is provided by the local
state, federal governments?

II/54

2. To what extent are each of the various educational
uses given financial s~pport and who provides this
support?
f. What are the major differences between the characte.
ristics of secondary schools using computers and those
not using computers?
I. Is the size of enrollment related to use of computer?
2. How is funding relatedlto use?
3. How is student/teacher ratio related to use?
Answers to those questions which deal with all
secondary schools in the continental United States can be
answered by generalizing from the results of this survey to
the total population of secondary schools. The validity of
this approach is dependent upon the representativeness of
the responding schools. As indicated earlier, an estimate
will be made of just how representative respondents are of
the total population by following up non-respondents.
The survey results will also be verified by comparing
data reported in the questionnaire with population data
about secondary schools reported by such agencies as the
United States Office of Education and the National
Education Association. For example, a comparison could
be made between the mean! enrollment of all secondary
schools in the United States, as reported by the Office of
Education, with the enrollment of those secondary schools
reporting computer uses in our survey.
Information designed to describe the nature and
purpose of computer uses can be reported either within the
con tex t of responding schools or generalizations to the
total population can be made) Both approaches will provide
interesting and useful information.
4. SUMMARY
A unique study designed' to survey the 23.000 secondary schools in the continental United States regarding the
use of computers is being conducted by the American
Institutes for Research. The study, sponsored by the
National Science Foundation: is using a questionnaire and
follow-up interview technique to gather information regarding both administrative and Instructional computer applications. The survey emphasized instructional uses, and
requests information regarding the level, purpose and
nature of such uses. Only the' level of administrative uses is
being assessed.
.
Early returns confirm lightclustering around major
metropolitan areas in the United States. Further data
analysis will be performed to answer a series of questions
concerning level, nature and purpose of computer use.
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A SURVEY

OF
IN

COMPUTING
THE

UNITED

COURSE

IN

SCHOOLS

KINGDOM

P.E. Dutton, M.G. Farringdon, D. Peggand B.J. Wilson

I. INTRODUCTION
This survey is an amalgamation of four papers
submitted' by Mr.P.E. Dutton of Danum Grammar School,
Doncaster, Mr. M. Farringdon of the Department of
Computer Science, University College of Swansea, Mr.
D. Pegg of Bedford School and Mr. B.J. Wilson of
Winchester College. Very many other enthusiasts have
developed their own course work within their own schools
or areas, and the inclusion of these four is not to imply any
criticism of these other courses. In fact the fragmented
development of computer education in British schools
cannot continue for much longer, and there are many
efforts now being made to help extend the work to all
schools. The Bellis Report (Bellis et al (1969)) for the
Scottish Education Department, and the work of the
Working Party B of the British Computer Society are two
examplesof these endeavours. A pattern of local centres for
computing in schools may emerge with advice and
co-ordination from a small national development unit.
2. COMPUTING AS PART OF SPECIALISED COURSES
Just as the historical development of the use of
computers in universities started from the mathematics and
science departments, so in schools much of'the work to
date has been organised by mathematics and science
teachers mainly interested in their own subjects. The
computing work has been on mathematical programming
and/or on the principles of the hardware of computers
(Kelly (1969), Wilkinson (1968)). Two specialist subject
syllabuses on Computer Science at the Advanced Level of
the General Certificate of Education have been published*,
but to date only a few schools and Colleges of Technology
have been given permission to enter candidates for these
formal examinations.
Undoubtedly, this work will continue but its future
development is likely to be limited by the provision of
suitable computing facilities with a reasonably fast
turnround for the student's programs.
3. COMPUTING
COURSES

AS PART OF NON·SPECIALISED

3.1 For children under about 16 years old.
Bedford School is one of relatively few schools in the
U.K. providing a 'General Course' for students of this age
range. Tho aim is to educate every future citizen in basic
computer concepts in order that he or she may not feel
excluded from a branch of knowledge which will permeate

modern society. The accent of the course is on 'information
processing' and includes details of how the computer
works, what it can do and its limitations, its role as a
processor of information and as a problem solver and the
effect the computer has on modern life. Some programming
is included. Further details of such a course may be found
in 'Computer Education'.
3.2 For children between about 16 and 18 years old.
Many schools include computing 'courses of a nonspecialised nature as a separate subject in their Sixth Form
curricula. The aims are similar to those mentioned above,
but naturally the emphasis is changed for these classes are
likely to include the future leaders of government, industry
and the professions. Two commercial 'packages' are now
available in the U.K.*
The lCL·CES package takes approximately 90 hours and
includes programming in a Iow-level language with
numerical function-codes but alphanumeric addressing,
some details of hardware including logical circuitry, the
analysis of problems and systems, and a survey of the uses
of computers and their social effects. One aspeci of this
package is that it includes the provision for the training of
teachers, and provides a supporting specialist service in
addition to the postal arrangements for running students'
programs.

The NCC 'Computer Appreciation for Schools' package
provides a short specialist two-term course on computers
and programming and a general course on the sociological
implication and impact of computers on established school
subjects. One feature of this package is that it provides a
link between the school and a local industrial or
commercial computer-user who is a member of NCC. The
sponsoring organisation helps the school in any way
possible either with specialist advice or with the provision
of computing facilities.
There are two distinct and complementary roles of the
computer, as Oettinger puts it, namely the computer as an
instrument and the computer as an actor. The computer's
role as an instrument is probably the most widely
acknowledged and is easily understood. One can consider
for example, the amount of calculation required in helping
to get a space capsule to the Moon and back; here the
computer is a very useful and important instrument. The
role of the computer as an actor, though, is of much more
significance since the computer can actively participate in
the development of theories, and computers used in this
way reinforce the need for the creative human element in
experimental work; a human scientist with a creative
imagination is needed to guide the computer in its search
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for a solution.
Some schools link computing with the teaching of
elementary statistics for non-mathematicians. For example,
statistics are playing an ever increasing role in subjects such
as Botanyand Zoology for instance, or in Geography where
regional patterns of settlement or the analysis of local and
regional economics are studied; historians are analysing
census data and relating this to changes in, say, the
economic productivity of the labour force; also students of
literature are analysing author's styles of writing. Often
such work might involve very detailed analysis and
programming expertise, and then simulation techniques
might be used. Business games are proving popular and a
competition between schools on this has been run for the
past three years.
One simulation program that is showing considerable
promise for school use is HOCUS, which stands for Hand
Or Computer Universal Simulator.' This has been developed for business use and its strength lies in the fact that
one has to 'play' the simulation by hand on a type of
flow-chart before submitting it to the computer. This has
obvious advantages for schools lacking computing facilities.
It also provides a solution of the problem of communication between management and computer specialist or
between student and the computer.
3.3 An Examinable Sixth Form General Studies Course.
In September 1968, a few schools started a new
Advanced Level Course in General Studies; the purpose was
to try to integrate the various aspects' of non-specialist
Sixth Form work into one organisation and then to give
this more drive with an external examination. The course

consists of a number of 'Themes' which prepare the
candidates for two written examinations set by the
Examination Board at the end of the two years course. At
Danum Grammar School such themes are:
Control or Dissent
The Permissive Society
Man and the Urban Environment
Implications of Science
Man the Maker
In addition, each candidate has to choose two 'Fields of
Study' which consist of a basic course, usually taking two
to two and a half terms, and an individual or small group
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project taking the rest of the five term course. This work
carries 50% of the final marks and is assessed by the staff at
the school with subsequent moderation by the Examination
Board. The list of such 'Fields of Study' will depend on the
interests and abilities of the school staff, but at Danum
Grammar School includes a course on 'The Construction
and Use of Computers.'
This consists of work on the electronics or hardware
associated with computers and then as introduction to
programming using ALGOL. It is proposed to include some
work on HOCUS in this latter part in future. The projects
undertaken by the first group of boys include a small ferrite
core memory unit, a card reader, the logic of the control of
lifts, the calculation of prime numbers, random number
generators and the calculations of aerofoil characteristics.
Such a course only attracts boys reading mathematics
and the sciences in the Sixth Form, but it is likely that
other arrangements will be made to either organise it in two
separate sections (hardware and software) or perhaps to
duplicate the software side and add something else, perhaps
data processing techniques, business management techniques or economics.
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COMPUTERS
COMPUTERS

AND

IN

SCHOOLS:

SECONDARY

EDUCATION

M. G. P. Hutchinson

1. This paper on Computer and Secondary Education is

written as a means of giving the views and observations
of a teacher working in that field. Secondary Education is
defined here as education for pupils in the I I to 18 years of
age range.
I would like to begin by explaining my own
involvement in Computer Education before dealing broadly
with the subject.
I was first introduced to a computer while training to
be a Mathematics teacher in South Wales. This limited
experience, obtained on a one-day visit to a computer
installation in 1965, impressed on me that programming
could be a useful tool for developing a logical approach to
problem solving.
During my first year in teaching I taught some of my
less able pupils a little about computers and also built and
used a simple binary adder.
At the end of my first year of teaching I taught in
Rumford, which is part of one of the large London
Boroughs. There I was extremely fortunate to be able to
become involved with Mr. William Broderick, who is well
known for the great work he has done in Computer
Education. I learned a little of basic Algol programming by
attending lectures given by Mr. Broderick and, in the
summer term of 1967, began to make weekly visits with
parties of my pupils to the computer department of the
school where Mr. Broderick taught. Initially I taught
programming only as part of the normal Maths. lessons for
about an hour a week. However, as more and more
questions were asked, I gave an increasing amount of
information to my pupils about computers and their
applications as opposed to programming alone.
I was pleasantly surprised by the benefits many of the
less able calculators were obtaining from programming. As
soon as some of these pupils realised that programming was
a means by which they could solve problems without
having to calculate themselves, they developed a greater
interest in problem solving. My earliest experiences of
pupils' programming showed me that I had a thought and
logic training tool with real applications as opposed to
abstract geometry.
It must be pointed out that most of my work in
Computer Education at this stage was carried out with
pupils of average and slightly below average ability.
Whilst teaching at my second school I read more and
more about computers and their increasing use in a wide
variety of applications. I became concerned about the lack
of unbiased information given to the general public about
computers. I was not thinking of a forced .Jove the
computer campaign" but more of some form of general
education of an appreciation nature about computers so
that people would have sufficient knowledge on which to
base their own decisions about computers and not be
influenced by others with possible ulterior motives. I have
been actively involved in Computer Education for a few
years. During that period I have read far more articles of an

alarmist nature about the bad uses of computers than I have
read of their beneficial uses and very rarely has any
explanation of a computer application been given in the
popular press. Future citizens, at least, must surely be given
some unbiased idea of the social consequences of the
increasing use of computers. Most of my knowledge of
computer applications comes from computer publications
but this is "preaehing to the converted". The English poet
Thomas Grey wrote in the "Elegy in a country churchyard"
that "the bad that men do lives on, the good is oft interred
with their bones". I take this to apply also to computers
because I am deeply concerned that the tremendous and
numerous good uses for computers will be disregarded
because of too much sensational publicity about the bad
uses. I am also concerned that people should have the
knowledge they need to be able to identify the bad uses
and to have them controlled or terminated.
In 1968, I moved to teach at a school in Swindon,
Wiltshire, which has pupils of 14 years of age and more and
is organised on comprehensive lines. The timetable of forty
minute periods was so arranged that five of these periods
were to be used for optional activities of a general nature.
All pupils were required to use three of these periods for
games and physical education and the other two were to be
used on one of the other minor subjects which were
offered. For some reason I was involved in the teaching of
Sociology initially but managed to rearrange things and
have Computer Studies offered as a minority subject. After
this rather uncertain start I was able to organise two groups
of twenty-five pupils to follow a one-year computer
appreciation course and was fortunate in being able to
organise this outside normal lesson time though within the
timetable.
The course offered was very much of the appreciation
type. I tried to cover some of the history of computers,
their applications, briefly how they work, a little
programming and some practical work. During late 1968
and early 1969, I was desperately seeking data preparation
facilities and some cheap or free computer time so that the
programs my pupils had written could be run on a
compu ter. I must have written dozens of letters since
September 1968, virtually begging for assistance and, in
June 1969, when I had almost given up, was offered the
free use of a computer by the Plessey Company.
Unfortunately, of the twenty hours so far made available to
me, I have been unable to use more than about thirty
minutes. I am able to run very few of the programs my
pupils write because of the lack of suitable data preparation
facilities. I am currently punching my pupils' programs one
at a time with a numeric hand card punch. It appears that
each time I correct one punch mistake on a card I introduce
another.
An alternative open to me is that I can travel two miles
to use paper tape punches but these are coded differently
to the coding of the computer available to me. I dislike the
form of Algol I use now and to alter it to suit facilities
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available would be an unbearable waste of time.
The last eighteen months have proved to be an
extremely frustrating period. Mosaof my letters requesting
assistance have brought replies suggesting that I contact
certain others - whom I had already contacted. One reply
has even suggested that I contact an unknown person whom
I traced and found to be myself. I have revolved in
ever-widening circles over the last year and a half and at
times have become rather cynical about the value others
give to the work I am trying to do.
However, the end does appear to be in sight. I am
presently validating teaching material for ICL-CES who
specialise in computer education teaching packages. I have
thus managed to obtain computer access and data
preparation for some of my pupils for the next eighteen
months. However, I am still anxious to develop my links
with local industry, as I believe this to be essential for my
work. A more realistic picture is given to pupils if they are
able to visit a local installation and perhaps see their
programs being run. I also benefit as a teacher because I
then have a reserve of professional knowledge at my
disposal if ever I am in need of advice.
At the time of writing of this paper future developmen ts in this area appear promising. The local college is
soon to have a time-sharing link. Experiments in computer
education are to be set up locally involving various schools,
including my own, and computer time and data preparation
will be freely available. Also I hope to have blackmailed an
international organisation into loaning me time-sharing
equipment and facilities to test for a period in a school
situation.
At the time of writing, I have some hundred pupils in
three school years, and of a wide range of ability, following
some computer course. Some of the less able are involved
because the topic is included in their Maths syllabus, others
follow a Computer Studies course as a separate subject. The
syllabus (fig. 1.1) is one I have adapted from other syllabi
and some pupils have attempted an examination in
Computer Studies composed by myself.
COMPUTER STUDIES
Fig. 1.1.
C.S.E. Mode 3.
Draft syllabus
1. History of Computing prior to the advent of electronic
computers
2. Applications and history of electronic computers
3. Distinctions between analogue and digital computers
4. Essential features of an electronic digital computer, viz:
Input, Stores, Processor, Output and Control
5. Peripheral equipment. Mode of action of line printers,
digital plotters, graphic display units, etc.
6. Multi-base Arithmetic, with particular reference to its
uses in electronic computers
7. Logic circuitry restricted to positive logic
8. Use of Flow-Charts to describe processes
9. Communicating with a computer. Discussion of machine codes, machine-independent languages, mnemonic
codes and dialects of machine-independent languages
10. Programming in a machine code, mnemonic code,
independent language. Choice of language would
depend upon various factors but sufficient programming could be taught to enable programme to product
titles and headings, make decisions, produce graphs and
carry out repeat calculations
I I. Significance of electronic computers in the modern
world. Particularly in the following fields.a) Routine data processing.

11/60

b) Scientific and technical calculations.
c) Control of industrial and other processes.
d) Current and future developments.
12. The computer in modern society, the problems it raises
and helps to solve.
Scheme of
Paper I
Paper 2
Project work

examination
40%
40% Each of two hours' duration.
Candidates will be required to make a study
of a particular computer application and
write 3 or 4 lucid programs pertaining to the
chosen application.
Paper I, will have questions referring to sections I, 2, 3, 4,
11,12.
Paper 2, will have questions referring to sections 5, 6, 7, 8,
9,10.
10 compulsory grades questions.
Paper 1.
A choice of 5 from 10 harder questions.
Paper 2_
2. So far, this paper has dealt only with my work and not
really with the topic of Computers and Secondary
Education. I have tried to put forward some of the
experiences and frustrations of a person who knows the
value of education about computers but who has found it
difficult to really effectively carry out work in this field. I
am really a Mathematics teacher and a small amount of my
time is available for Computer Education, but too much of
this time has been taken up with talking about Computer
Education rather than doing the job.
I would like. to carryon with some observations on
Computer Education and to discuss the broader aspect. My
first rather bitter observation about Computer Education
for schools is that too many people, particularly teachers,
are using too much of their time proving what others
have proved years before. I feel that it is time some
organisation recommended forms of schools involvement
with computers to the responsible bodies rather than leave
teachers to bash their heads against walls trying, often for
considerable periods of time, to prove the already proven.
A second observation I would make is that each country
should have some means organised whereby teachers are
saved from going around and around after each other,
making the same mistakes and meeting the same obstacles.
Too much is being said about the need for schools
involvement with computers and too little is being done in
the way of producing easily accessible advice and
information and suitable facilities. Perhaps this conference
will recommend certain courses of action.
The whole body of knowledge about computers is
rather like an onion. Once one layer has been studied there
is another below. Many teachers, through lack of guidance,
study a little of a few layers rather than obtaining a
working understanding of each layer. It is only during the
last couple of years that I have realised Computer
"Education is a much broader term than it is generally
understood to mean. The term is usually thought to mean
education about computers when really it cannot be
divorced from education with computer and education by
computer. It is because of this broad area of computer
involvement with schools that this paper has been titled
"Computers and Secondary Education" rather than to limit
the paper to one particular aspect of computer education.
I am of the opinion that the computer with its
capabilities could be of tremendous use to schools in
various ways. It is difficult to prove the need for on-line

computer access by a particular school just to run pupil's
programs but, once all thc areas of involvement are agreed
upon as a co-ordinate whole, then every school will need at
least data preparation equipment and some form of on-line
connection if it is to make efficient, effective use of the
computer's powers. Many business organisations buy
computers with prestige in mind and later have difficulty in
finding enough for the machine to do. This is not so with
secondary schools, particularly of the large or comprehensive type. Perhaps before going any further it would
be wise to itemise some of the various areas of schools
computer involvement.

2.1 Computer Appreciation
This is probably the area where urgent attention is
required. As mentioned early, I believe that education
about computers should be such that it gives background
information to future citizens. It is argued that 90% of the
population should receive some form of education about
computers. On this basis, appreciation should be offered
initially to those who intend to leave at sixteen or whatever
the leaving age may be. Many British schools give
information about computers only to 6th form (sixteen
plus) pupils. This does limit the passing on of knowledge in
two ways. The first is that only a low percentage of pupils
in schools are over the leaving age. In my first school 0.5%
and in my second 0.4% stayed on after the normal leaving
age. The second limitation I believe is that because those
who stay on are usually of above average ability and then, if
education about computers is offered to them alone, it
deprives the less able, namely those who really need the
knowledge to enable them to mature rational judgements of
their own. It is not my intention to criticise the work of
others but only to suggest that the subject be taught to a
wider range of pupils.
I understand that "computers" is often considered too
difficult to be understood by those of average ability and
below. Evidence and personal experience do not bear this
out. Much of that which I teach is contained in the
Computer Science courses at an advanced level of study
and, if presented in the right way, is easily understood and
discussed by secondary school pupils of most levels of
ability. It is my opinion that pupils should be given
computer knowledge for the social reasons mentioned
earlier but also to explain to them how computers could be
used in their chosen careers. The least this could do would
be to lessen anxieties encountered by a future employee
When he learns that his job could be affected by computer
usage. It could also make future employees keen to use new
techniques and modern technology, thus possibly raising
their Own working.and living standards.
Whether or not to teach programming is a problem
presented to many teachers of computer subjects. It is'
argued that, to really appreciate a computer, it is necessary
to write and run programs. The language or code chosen
depends on various factors at the moment but to leave out
programming from an appreciation courseleaves out a vital
part of that course.
2.2 Programming
To Program or not to Program? High-level or
lOW-level? Algol/Fortran or Cobol? These were questions
I've asked repeatedly of others and have decided on the
follOWing answers. To Program? Yes! This is gradually
becoming part of many mathematics courses. It is agreed

that through programming the logical approach to problem
analysis can be taught. The solution to any problem surely
involves two things, (A) The method of solutions. (B) The
calculations. Many pupils who know how to explain the
solution of a mathematics problem fail to obtain the
correct answers because of poor calculating ability and
often give up because they "can't do Maths." Many of my
2 x 3 ; 7 pupils produce programs as accurate as was
expected of them even though many are barely legible. This
sort of success must do something to eliminate the dislike
of Maths that many pupils have and surely can also help
develop a deep interest in the subject.
It is also argued that the logical approach that
programming requires trains a pupil's mind in such a way
that he could become more logical in his approach to other
studies.
As far as teaching programming is concerned, I have
tried a variety of approaches. A long time ago I stopped
quoting the various rules about the lengths of words to be
used and the upper and lower limits of numbers to be used.
I decided to adopt an approach which brought in the
grammar of programming as it was required, producing
programs rather than teaching the grammar first. Also,
information as well as numbers is processed by computers
in real situations. Thus, some of my pupils' programs are
such that headings and other text is printed many times and
later programs containing calculations are produced. By
producing simple sorting programs it is possible to
demonstrate the power of a program and computer at an
early stage.
The choice of high-level language is difficult to decide
on as 2/3 of the world's programming is done in a
commercial language, but these are usually far removed
from the usual solution to a Maths problem of a scientific
nature. I personally would prefer to usc Basic which can be
a starting point for work in Algol or Fortran and is not too
far removed from the commercial languages.
High-level language or low-level? An easy solution to
this is to do both. Many teachers agree that a low-level
language should be taught, but, only until a pupil is ready
to move on to a higher-level language. It is argued that there
is little benefit in forcing the use of a low-level language
past this point.
Which low-level language? This is another problem that
needs a definite answer. I have studied a number of them
and am not happy in teaching the sort that requires a
number, etc., to be read into the accumulator; then stored,
and later brought back to the accumulator.
The following is an example of a program to add 3 and 7:
IN
STORE A
IN
STORE B
LOAD A
ADDB
OUT
STOP
Both IN instructions cause the data numbers to be read to
the accumulator. The STORE instructions then cause the
numbers to be stored in the named locations. Each is then
brought back to the accumulator and the appropriate
calculation is carried out. This type of low-level language
has the advantage that words, as opposed to confusing
numbers, are used for addresses of locations, but I fear that
manipulating the data rather disguises the Mathematics of
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the program.
I would think that it would be better to use the
following sort of language:
READ
ADD A, B, C
PRINTC
STOP
READ A,B means read the data into stores A and B. Add
A, B, C means add A and B and store result in C. This code
is fictitious but it needs less of data moving on the pupil's
part and more attention to programming the solution. My
approach to teaching a low-level language is to give an
example of a simple program and then explain how it
works. This is analogous to demonstrating to pupils the
effect of the various instructions in a knitting pattern or
knitting program.
Whatever type of language is used, programming is more
beneficial if programs can be run on a computer with the
shortest possible time interval between writing and running
programs. Ideally, the minimum time should be seconds or
minutes but certainly not days. It should be possible to
install data preparation equipment in large schools.
Programs could be punched by the writers in their own
time and perhaps also by those commercial subject students
who are thinking of punch operating as a job when they
leave school.
I am of the opinion that many towns could set up
multi-access systems with on-line links to reach secondary
schools; some of the finance conld be offset by allowing
local private organisations to use the system as well as
schools. There is an increasing number of private
organisations using links connected to distant computers. I
am sure that they would be interested in a local system that
could mean drastically reduced telephone bills for
them.

2.3 Computer-Assisted Learning
This is surely one of the most exciting items of
educational technology to have been introduced. I am
hoping soon to use the computer facilities available to me
to do some diagnostic testing. Pupils come to the school at
which I teach at the age of 14 and many have gaps in their
knowledge which need attention. This test paper (fig. 2. I)
is so arranged that it could be possible to note the various
sorts of errors a pupil has made to take action to correct
these mistakes. However, it is tedious to go through each
paper and write a report on each answer. It is also wasteful
of time which should be better spent in strengthening
weaknesses once they have been located. To produce a
program to analyse each pupil's answers is a relatively
simple matter for example, (the language is fictitious.)
2.3.1 Program
Read Pupil No.
Print pupil No.
Read response if response = first then print
"this pupil has taken the first digit to be the
characteristic of the log."
if response =second then print
"this answer is correct"
if response = third then print
"pupil has deducted one from the number to obtain
the characteristic instead of taking one from the
number of digits"
if response = fourth then print

II/62

"the pupil is probably confused by the lack of a
decimal point hence no figures before it"
This is not the best of examples to choose. Perhaps each
response should have a separate number independent of the
question, but the idea of the technique could be most
useful. It does mean that a computer could diagnose pupil's
weaknesses and thus leave the teacher free to do his job _
that is to teach. Concise reports with suggestions for
methods of helping the pupil, including book references,
could be programmed.
At present I am scratching on the surface of this part of
Computer Education, but I do hope that, speaking as a
teacher it becomes increasingly popular. It does however
mean that suitable facilities for preparing and running are
vital. Once again, a reason for providing schools with
multi-access links. Perhaps, in the not too far distant future,
every school will operate in a programmed learning fashion
with a computer acting as a "teacher" to each of a
thousand pupils.
The British Government has been asked to provide
£ 2,500,000 for the setting up of computer-controlled
learning systems in Britain. The equipment need not be
limited to this one field of application but could be applied
to the various other school uses as well. It is an
awe-inspiring thought that computers could be used on
such a large scale in schools. Probably in pr-omoting this
application I am talking myself out of a job, but would
rather feel that I am hoping for a time to come when
teachers can be spared the maximum amount of time to
actually get down and help pupils with their difficulties.
When a computer is used to cover most of the
straightforward teaching it could make possible the
cherished ideal of one teacher/one pupil, if that pupil needs
help that he cannot obtain from the machine but which a
human can give without retarding the rest of the group.
There are different approaches to the teaching of any
particular mathematical topic. For example, if it is desired
to teach pupils the effect of varying A, Band Y on the
graphs of Y = AX + B, then one approach would be to go
through the production of the various graphs saying "This
is what happens".
Another way is to use pre-produced graphs and to ask
why they differ and what is the connection between each
graph and its equation.
Possibly another way is to teach the pupils how to
produce one graph and then have them produce others and
"discover" the connection between graph and equation.
Either of the last two methods can be enhanced by
using the computer to produce the graphs from given values
of A, B, Y in Y = AX + B and, using this way of teaching
the topic, the pupil is encouraged to discover more for
himself because the need to go through a large number of
simple calculations has been removed. Using a computer,
therefore, could bring more pupil involvement used by
Nuffield COurses which says "I hear and I forget, [ see and I
remember, I do and I understand,' the emphasis being on
the last line of the quotation, but, any benefit could be lost
or reduced if the discovery process were hampered by large
numbers of calculations particularly if the "cost effectiveness" of these simple calculations is low.
Many schools have established Maths. Labs where pupils
are allowed a short time each week to complete some set
task following given instructions and using equipment
provided. The theory behind this is that the pupil becomes
deeply involved in the learning process. He is encouraged to

make the same mistakes and observations as were made by
Mathematicians throughout history, rather than to be a
receiver of facts. It is argued that computer usage has a
place in these Maths, labs, if only to make more rapid the
true observations on the task in hand. An example of this
could be to find the connection between the diameter and
circumference of a circle.
The usual Maths. lab is either firstly to draw various
circles and record diameter and circumference or to
measure the diameters and circumferences of ready
prepared carefully selected circles. The pupil is then
expected to take each of the pairs of data for diameter and
circumference and, in turn, to add, subtract, multiply and
divide them (not necessarily in that order). When he has
done this to each separate data, he is expected to come to a
conclusion. However, if the pupil's calculating efficiency is
low then he may reach no conclusion or at worse may form
the wrong conclusion - apart from having spent 75% of his
calculating time producing results which are only relevant
in that he has to study them because the exercise was not
one of addition, etc., but to find a relation between two
distances. To program this is relatively simple and then it
could be possible for the pupil to program the calculations
or at least to be able to supply the data in the correct form
for the computer to process it. The computer thus makes
possible more discoveries in the same period of time.
The topic of Statistics is one which can be dealt with
very effectively if a computer is used to carry out the many
relatively simple but time consuming calculations. Some
pupils in schools who are able to use computers are taught
Statistics in such a way that the computer does most of the
calculations in little time. This is argued to be worthwhile,
particularly at 6th form level where large amounts of data
often need to be handled to produce the required
information.

2.4School Data Processing
This, I believe is another area ripe for assistance by
computer. It appears that a large part of British teachers'
time at least is taken up in activities of purely clerical
nature which are necessary but can hamper his performance
as a teacher.
The first school at which I taught had examinations for
the whole school once a term. This involved a fantastic
amount of figure processing which had to be carried out in
a short period of time so that information was available for
school reports.
The exam. results had to be listed alphabetically and in
descending order. Each subject teacher passed his results to
tutors who were expected to take all the results, enter them
onto a master sheet and, from this, produce pupils' total
marks, averages, class averages, positions in descending
order and various other groupings and results. Whether this
was necessary or not is not at question, but what I do
question is the need 'for teachers to do this work. Many
schools are fortunate in that they have clerical assistance
but this means that one useful brain has to do humdrum
work instead of many brains - and in a longer time. I
would think therefore that PDP-S or ICL·1900 might be
better suited to that sort of work than Mary Jones or John
Smith. In the second school at which I taught, the figure
processing occurred twice yearly, but much more frequently data about pupils progress, career choice, manners,
Possible external exam. grades, etc., was needed to be
processed as well. Much of this information about pupil's

attitude to his work etc., is of great importance but the
systems which seems to exist for processing and using this
information seems to be far from that which is desirable
and more certain to retard teaching than to help pupils. The
following slip (fig. 2.2) is an attempt to collect all the data
required from subject teachers which is required for:Reports to parents, school confidential reports (fig. 2.3)
reports to youth employment service (fig. 2.4) and
information on which to judge a pupil's suitability for
further study and to help with the compilation of testimonials.
Whatever ordinary system is used by schools for
collecting and sorting such information appears to result in
too much movement of paper and un-productive copying of
figures from one form to another. I doubt if a person with a
degree for, and fifty years experience of, designing forms
could produce a form which would be simple for teacher to
complete and would still require the very minimum of
human transfer of figures. It does not follow though, that it
is impossible for forms to be designed where teachers
merely indicate their thoughts with a pencil mark and
within hours all sort of reports on pupils could be
produced. I'm thinking of the use of mark sensing machines
to read forms of this sort. (fig. 2.5).
Fig. 2.5
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This is far from being complete but could also include
lists of all out-of-school and extra activities. The teacher
need only pu t a pencil line through numbers as necessary
and the computer program could be so constructed to give
almost any specified form of output - it should not be
impossible to produce complete and unbiased testimonials
- though the final testimonial may need corrections to
grammar.
I am trying to use a computer to help sort pupils free
choice of seven subjects from a range of twenty to see if
they fall into any particular groupings. The possible
combinations of seven from twenty number thousands and
theoretically it should take a small amount of time for a
computer to do this sort. Some of my colleagues would like
to define about fifteen courses involving set combinations
of subjects. This is another sort which I am attempting to
computerise. In this way, a computer is being used as a tool
for management in that it will supply interested parties
with information on which to base judgements about
school organisation. No industry would re-organise unless
given sufficient facts on which to base judgements and thus
why should schools re-organise on the basis of guess work
and human predictions?
There also appears to be a move towards standardising
all school examination results so that accurate comparisons
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can be made by teachers, tutors,little Johnny and his mum.
Too often, even though exam. results may be as a
percentage, a pupil is considered better in one subject than
another on the basis of the exam. mark when, in fact, he
may have been bottom or near in the subject with the
higher mark and vice-versa.

2.5 The Computer as a Desk-top Calculator
For many years slide-rules and logs. have been used by
pupils to carry out calculations which are part of a problem
which has to be solved. The slide-rule has the advantage of
speed, and logs. have the advantage of accuracy but both of
them interrupt the process of solving a problem. Also the
use of slide-rule, and logs. particularly, can produce errors if
used by someone inexperienced. If the exercise is a
calculation that defines the need for logs. or slide-rule, then
these must be used, but, if the exercise is only of problem
solving, then the calculations are to some extent incidental
and therefore a quick method which by-passes the use of
logs. or slide-rules could be advantageous. I'm thinking of
some small desk-top equipment with buttons numbered 0
to 9 and signs x,"', -, +, and) and also some way of showing
the results. There are many electronic desk-top calculators
and I'm sure that it is not impossible for, say, twenty-five
users through their button operated devices, to share the
calculating unit of one of these machines or in fact to share
the central processor of a school or school's computer
facility where such exists. I'm sure if this desk-top device
were readily available then success rate etc. in mathematical
problem solving would be vastly increased. Very often my
Science colleagues comment on their pupil's apparent lack of
mathematical ability. It seems that, to pupils, the arithmetic etc., in Physics is nothing to do with the arithmetic in
maths. and that logarithms are only to be used in maths.
lessons. I'm sure Science teachers would be delighted to sec
a time come when each pupil can type in a calculation to
some device, receive the result and then use it - whithout a
minor maths. lesson being required as part of each Science
lesson so that pupils can solve problems encountered in
Science.
2.6 Information Retrieval
Pupils have always been. expected to search for
information themselves and to sort: and sift it. In Britain,
the Certificate of Secondary Ed~cation examinations
usually includes some form of project where a pupil is
expected to read and write about a particular topic.
The computer has an insatiable appetite for facts and
has the ability to sort through and retrieve any requested
item of information in its stores in seconds. This power
could be extremely useful in schools for students who need
to find information they may have to sift beforehand. It is
possible to type the name of a topic and, after: some
interrogation by a computer, to have the necessary
information printed out very rapidly. Many pupils like to
study things for themselves in libraries. All too often they
sift through information of no use to them or of too high
or Iowa level, but a suitably adapted form of information
retrieval could be of benefit to these and others. It is argued
that information retrieval systems could be additional to
school libraries so that pupils who needed certain facts
could have them quickly without wasting time with
reference books and thus be able to use the information
they acquired without using up any of the time that would
be better spent on using these facts.
This aspect of a pupil computer usage does not really
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involve him as a programmer but more as a computer user.
3. The fields of computer applications discussed in the
previous chapter are only a few of those possible but
they are the ones in which I feel most schools could
operate. I am anxious that Computer Education in schools
should not just be education about computers but should
also involve the other aspects of the subject. I am also
anxious that any equipment purchased is not such that it
applies to only one field and restricts the money available
for other sort of schools computer usage.
I have struggled to make some use of £0.75 million
worth of computer installation by submitting cards
punched on a numeric card punch that does not print. The
correction of one punch mistake usually produces another.
I therefore think that the basic equipment for school for
programming is some form of data preparation facility and
free or very cheap computer access. The data preparation
facility could be an external punching service which could
however produce another delay in the process of writing
and running programs. It would surely be better to have
punching equipment located in each school. Not only
would this be available for pupils to punch programs but
also for use by pupils studying commercial subjects who
would like to know a little about punching as well as
typing, etc. I would personally prefer this equipment to be
paper tape equipment because usually a printed record is
produced separately from the tape. Cards of course are
much easier to correct but very easy to put out of
sequence.
If this punching equipment was connected on-line then
I would prefer to use equipment that would print out faster
than the usually teleprinters. I believe it is possible to have
paper tape punches with typed input copy and line printed
output. The increase in output speed is particularly useful
for graphical work. I would not refuse an off-line punch
and reader to prepare tapes or cards for an on-line tape or
card reader and punch. What I would like is easily accessible
information and an enlightened, organised, forward looking
approach to implementing Computer Education in the
broad sense of the expression as opposed to anyone or two
areas of the subject. The production of this enlightened
approach is a difficult task. It will not be made any easier if
the only teachers trained about computers when at college
are those who have done some Numerical Analysis as part
of specialist Mathematics courses. The use of computers in
education must bring about changes and it is therefore
necessary to educate the educators and their administrators
to see that these changes can be of benefit to teaching.
If Computer Education in any or all of its forms is
worthwhile then it should be encouraged in an organised
way now rather than leave the task to a couple of teachers
in different localities with the impossible task of using their
limited knowledge to try to persuade sceptical persons to
see some value in this aspect of education. If this
encouragement is in book form it must be of a
non-specialist general level initially with easily accessible
sources of information for interested parties to learn more.
I know that the following suggests centralisation of
teaching which is frowned on in many countries, but it
should not be impossible for books to be written so that
each chapter is itself a lesson for the teacher to pass on to
his pupils. Such books should also contain information as
to teaching about computers as well as about computers
. themselves.
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I.lNTRODUCTION
Computer languages are international, the industry is
international which makes it important that Computer
Education should be international. The Computer Education Group has already introduced an International Section
into its publication 'Computer Education'. One of the aims
of the Group is to have an international membership.
2. WHAT IS THE COMPUTER EDUCATION GROUP?
Computer power in the world today continues to
increase rapidly. Many computers are being installed in
educational centres whilst others in industry are being used
partly for educational purposes making it necessary to have
educational courses in all aspects of computing. The need
for such courses is now spreading rapidly towards the
schools. With this expansion of Computer Education into
the school curriculum in view, a group of enthusiasts had
the foresight, in December 1965, to form the Computer
Education Group with affiliation to the British Computer
Society.
The Group is an informal co-operative organisation for
teachers and others interested in the use of computers for
teaching in educational institutions. The objectives of the
Group are to spread knowledge in the field; to give aid to
one another concerning problems in establishing courses,
setting up equipment, contacting users and specialist
lectures; to make it possible to discuss users' problems; and
to provide a body which can approach other organisations
with authority. The success of the Group is its informality
and the willingnessof its members to help one another.
3. HOWARE THESE AIMS BEING FULFILLED?
(a) To spread knowledge in the field, the Group
publication 'Computer Education' is distributed free to
members three times a year. The popularity of the
publication has meant that the number of pages increases
with each issue and it is likely that the number of issues
each year will have to be increased in the near future. The
first eight issues were prepared and distributed by the
enthusiasts but during the latter part of 1968 negotiations
With the Schools Council Project Technology resulted in a
more professional form of 'Computer Education'. The
Editors became responsible to an Editorial Panel which
includes the Officers of the Computer Education Group,
Project Technology, the Ministry of Technology, the British
Computer Society, the Mathematics Association and the
manufacturers I.C.L. and I.B.M., these two organisations
Supplying funds to assist the production of the publication
'Computer Education' in its new form. This Editorial Panel

will ensure that the publication becomes an internationally
recognised source of information and guidance for the
teacher.
At all times they remember that the journal is written for
teachers by teachers for the information and guidance of
teachers. It is hoped that it will become the platform from
which a major program of Computer Education in schools
can be launched. The contents include articles contributed
by members of the Group, news items, a correspondence
column, book reviews, activities of the Computer Education Group Branches and reports and notices of conferences
of interest to teachers. Other features are up-to-date lists of
books and filrns, for use in schools, surveys of colleges
offering full-time and short computing courses and
up-to-date appraisals of developments in hardware and
software. In fact, each issue tends to be orientated towards
a particular aspect of computing sometimes towards
hardware, sometimes software syllabuses, other times
towards lists of books. Help from readers in the form of
suggestions for articles and new ideas which could be of
value to teachers are encouraged by the Editors. Items of
international interest for the International Section are
particularly welcome. The production of a junior version of
the publication is being considered.
(b) To provide an authoritative body, the national
officers of the Group are always anxious to increase the
number of members of the Group which is, at the time of
writing, 1,400 increasing at the rate of about 100 per
month and by the time of this conference should be nearing
the 2,000 mark. Although many of the members are
teachers and lecturers, it is encouraging to see the range of
members expanding into all branches of education,
industry, and commerce. In fact, about one third of the
membership comes from areas other than teaching. The
annual fee for membership is five shillings which entitles
the member to one free copy of each issue of 'Computer
Education'. Overseas membership is encouraged and the
number of overseas members is also increasing rapidly.
Members need not necessarily become members of the
British Computer Society but obviously many do so.
(c) In order to fulfil the remaining aims of the Group,
Regional Branches have been set up and are operating
succesfully in many areas of the United Kingdom. These
local branches form the core of the Computer Education
movement. They aim to provide courses for school
teachers, advise them on the purchase of computing
equipment and to bring together computer users and
schools so that the schools may have access to the
computer. Membership of these branches with their
personal contacts give encouragement to everyone interested in computer education. The national officers and
group committee together with officers of the branches,
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organise courses and symposia for teachers and others
interested in the furthering of computer education in
schools. The officers of the Group would like to see
branches set up in other countries and it is hoped that
members at this conference will initiate the formation of
branches in their own area.
4. WHICH IS THE MAIN AREA OF ACTIVITY OF THE
COMPUTER EDUCATION GROUP?
There are many areas of computer education but these
fall into three main categories. For some time at the upper
level computer science has been studied and accepted in
universities, polytechnics and colleges of technology as an
intellectual discipline. The middle area where staff are
taught to be operationally competent in their field is
covered by Computer Personnel courses in colleges and
industrial training schools. The third area which is likely to
become the largest of the three is at school level. It is
interesting to note that many members of the Computer
Education Group are involved in schools projects (some of
these are listed in Appendix A). The Computer Education
Group is designed mainly to serve this schools area where
the impact of computer education has only just reached the
upper parts of the schools. Syllabuses have been designed
by two examination boards, the Associated Examination
Board and the Oxford Board, for Computer Education as
an examined subject in the G.C.E. 'A' level examinations
for pupils between the ages of 16 and 18 years.
A much more important aspect of computer education
in schools which is beginning to take effect in the United
Kingdom and which is one of the main interests of the
Computer Education Group is the need to spread computer
education to all school children at some time during their
school life by the provision of appreciation courses. These
should be quite different from the examinable 16 to 18
year old courses.
Until quite recently computer education in schools had
seemed to be a luxury, but with the increasing availability
of computers and their decreasing cost, in future more
people will have access to a computer of some sort and
many more will be affected by them indirectly. It must be
realised that the computer will so affect and in some cases,
dominate the people lives in all walks of life that a general
appreciation of computing and its applications will be
required as a part of the fundamental education system. No
one can deny that computers are having a profound affect
on our society.
If the courses are given now to all children as part of
their general education before they Ieave school then the
majority of young people will start their careers with a
balanced understanding of computers, they will use the
computer as a patient slave and grow up to accept its power
and its limitations. The mystic, fear or belief of the
computer's magical properties will disappear. Instead the
pupil would have a general understanding of what
computers are, how they work and the nature of their role
in modern society together with the benefit from the
rigorous discipline of systematic thinking involved in a
computing course. This type of logical thinking is of benefit
to the student whether he studies arts or science subjects.
In fact, a general knowledge of computing should be the
fourth 'R' of education.
It is essential that these computer techniques and
applications should first be taught at school. To give the
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necessary impact such courses should have the aid of the
necessary hardware in the form of a small computer or a
link to a larger system. The use of small desk top computers
can handicap the user by tieing him to solving problems of
a mathematical type leaving the more important field of
data processing untouched. It is a generally accepted
principle that mathematics is not the aim of a computer
appreciation course so that universities, polytechnics,
colleges, Local Education Authorities and even Industrial
Users should be encouraged to offer time to schools on
their computers. These computers need only be set aside
for schools for short periods.
Such links are already established between some Polytechnics and schools in the United Kingdom. In a recent survey
(see appendix B) in my own area it has been found that if
merely the computers of the local universities, polytechnics
and Local Authorities allocated only half an hour a day to
the schools it would be sufficient to service one-term
appreciation courses for every thirteen year old school
pupil within a radius of the computer centres where the
cheap telephone rate is available. A local area is important
for a link to schools because of the increased charges made
when the telephonic distance is increased.
Many of these local computers are working only a single
shift with valuable computing time being lost when it could
be made available to schools in the area. The Computer
Education Group maintain that all the necessary hardware
is already available and hope to encourage all the University
and Polytechnic Computer Centres together with those of
the local authorities to offer this computing power to
provide an appreciation course for all secondary schools. At
present several appreciation courses are available in the
United Kingdom. Some of these are offered by industrial
organisations whereas others are made available by
polytechnics to schools.
One course offered by a computing organisation is the
I.C.L. Computer Education in Schools Appreciation
Package offered at a basic cost of £ 250 plus £ 7 for a student.
It includes limited computing facilities together with
teacher training and is aimed at general sixth form level.
A second course is available from the National
Computing Centre under the title 'Computing and its
Impact on Business and Society'. This course supplies
lesson notes, class handouts, overhead projection and 35
mm transparancies. Each school using this course is adopted
by a computer user firm or organisation which offers
contact with the real world by access to a computer
installation. Again the material is arranged as a sixth form
minority subject involving approximately forty hours of
study.
A typical polytechnic schools project is being undertaken in my own polytechnic in North Staffordshire and is
not unlike those being undertaken in three other similar
establishments in .the United Kingdom. Almost J ,000
children from thirty schools have enthusiastically learned
about computers this year and plans are being made to
enable sixty schools and double the number of pupils to
take part in the scheme next year. Teachers from the
schools within the cheap telephonic area of the computing
centre were given computing courses at the Polytechnic and
invited to join the project. Together with some of the
Polytechnic computing staff, the teachers drafted three
different syllabuses suitable for sixth form arts students,
sixth form science students and thirteen to fourteen year
old pupils in secondary schools. Whereas the arts course

shoWS how the computer can be an aid to good management and a useful tool for creative minds in the visual and
aural arts, the science course uses the computer to augment
their studies in mathematics and science.
The most popular of the courses is the appreciation
course for pupils of thirteen to fourteen years of age. One
reason for the popularity of this course is that the children
who do not continue their schooling into the sixth form are
nevertheless able to take advantage of the opportunities
that the project offers without interfering with their studies
in any way which might prejudice their performance in
external examinations.
Access is given at ten different schools each term to the
centre's computing facilities from a terminal installed in the
classroom. Teleprinters, a data link and a mini-bus are the
main items of equipment in the project and are supplied
without charge to the thirty schools which the centre
services each year. Teleprinters are loaned to the school for
a term and the pupils use these machines during computing
lessons to compile programs and data on paper tape. The
data link is transferred by mini-bus from school to school
so that each school has the means of communication with
the college computing equipment for half a day each week.
Tuition on computing is being organised, wherever possible,
to coincide with the presence of the data link so that the
data punched on paper tape can be" transmitted to the
computer and the results returned to the school while the
lesson is in progress. This means that the impact of the
computer lesson is not lost by students having to wait for
their results to be returned by post as happens in some
other schools' projects.
In this project two thirds of the course, which can be
completed in one term with approximately three hours per
week devoted to it, covers basic programming with a large
percentage of practical work. The remaining one-third of
the course is designed to show how computers can be used
in modern society.
In addition to the advantage of quick turnround two
other advantages are obvious for the school which is
associated with a computing centre. The pupils can be
encouraged to visit the computing centre with a large
installation together with the many peripheral devices
associated with it and perhaps more important the school
teachers and pupils have access to the 'know how' of the
experienced computing staff at the centre together with the
use of its software in the form of application packages for
banking, traffic simulation, language analysis etc. Some
schoolsreport that children taking part in the scheme have
shown a marked improvement in mathematical attainment
and a new lasting interest in mathematics has been created
in many of the children. Some schools are writing their own
programs on the traffic arrangements available to bring the
children to school, others use examples involving incometax tables or school accounts. In our case the schools get
the service free of charge and even if this were not so, the
cost per pupil to the school including computer time would
be less than £ 4 a year, which in commercial terms is surely
good value for money. Compared with the cost of education in an arts subject it may appear high but no-one can
ever pretend that computer education is cheap, however
and wherever it is given. At one time no doubt, science
laboratories seemed equally extravagant.
Another important computer appreciation course has
recently"been published by the British Computer Society
Working Party on Computer Education in Schools. This

syllabus titled 'Computer Education for All' outlines an
entirely new framework for an introduction to Computer
Studies ranging from such things as stock control in the
school shop to the correlation of criminal records. Like all
other computer appreciation courses this project is not seen
as an additional subject in an overloaded curriculum but as
a framework in computer studies which can be embodied in
a natural way throughout the curriculum. For important as
it is the study of computing should not be given in a self
contained setting but must be related closely to the rest of
the pupils activities. These syllabuses deserve wide support
for they provide a way in which every teacher can
understand and introduce into his teaching the concepts of
speedy information handling which are the very essence of
computer education and the main interest of the Computer
Education Group.
WHAT ARE THE PLANS OF THE COMPUTER
EDUCATION GROUP FOR FUTURE DEVELOPMENT?
Through its affiliation to the Britsh Computer Society
and with other bodies by means of the Computer
Education Editorial Panel, the Computer Education Group
has been in close contact with others interested in the
furthering of Computer Education in Schools. Although the
words 'computer' and 'education' were two of the most
overworked in-words of the last decade, brought together
they are likely to cause an information explosion in schools
in the next few years. With this in mind, the Computer
Education Group and the Schools Working Party of the
British Computer Society have proposed the setting up of a
National Information Centre to act as a clearing house for
information. The full-time centre staff could be a director
with support services, an information and publications
officer, together with staff for curriculum development and
experiments.
The staff at the centre would try to answer such
questions as:
What should be taught and to whom?
How can this be taught?
What computing facilities are available?
How can teacher training be implemented? What
examinations are available?
Thus the aims of such a centre should be
(a) To act as a 'clearing house' for ideas and information
and disseminate information via a regular journal and
occasional papers.
(b) To co-ordinate the work of regional computing centres
and local groups concerned with computer education.
(c) To speak internationally on the work being undertaken
in this country.
(d) To review work undertaken in curriculum development
• and encourage specific experiments.
(e) To organise experiments with various forms of
computing facilities: data terminals, small computers,
etc., in varying circumstances.
(I) To co-ordinate teacher training.
(g) To encourage links with industry.
(h) To investigate and try to overcome the various
constraints on development, e.g., finance, attitudes of
L.E.A.s teachers, examining bodies, teacher training
institutions, etc.
H is hoped that the centre would take over the
publication of 'Computer Education' and that the present

1I{69

branches of the Computer Education Group would become
local centres of this national information centre. [t is also
envisaged that the centre would be linked with similar
centres in other countries.
It is obvious that the Computer Education Group is
anxious to see these developments take place so that they
are available to cope with the exciting vast expansion of
computer education in the schools.
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Centres based on a 40 week school year is ~~,~004 :: 25 minutes
Data Preparation Staff Time
x x
Average time per pupil per program is 15 seconds.
Therefore time per day at each of the four Computer Centres is

20,000 x \4 x 12 75 minutes.
40x5x4
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1. INTRODUCTION

In the wide field of computer education there seems to
be, in Great Britain at least, a natural division into three
broad categories. This is a very general observation and may
only be valid for the present time. However, the distinction
between these three major groups is apparent in their
motivation, objectives, techniques and areas of study.
The first category concerns computer education in
schools and is of particular interest here as the aim of this
paper is to present a suitable teaching aid which may be
applicable to this field. The main characteristic of compu ter
courses in schools is that computing machine facilities may
be limited or non-existent.
This is seldom the case in the second category, adult and
higher educational establishments, which may teach all
aspects of computing science and technology. Many
colleges and educational centres offer academic courses to
be taken in various theoretical topics, while practice with
programming languages and the development of personal
experience is frequently encouraged by local facilities.
These facilities may consist of either a resident college
computer or computing centre, or alternatively, facilities
may be provided by industrial organisations or other
co-operative educational establishments. Typically these
colleges and centres provide courses up to Degree and
Diploma standard for full time and part time students who
wishto obtain professional qualifications.
The third educational area is also nearly always provided
with adequate computing equipment as this covers the
educational centres in industry and commerce. Computing
machinery manufacturers can often provide well equipped
training centres for employees and staff as the need arises
for personnel conversant with programming languages and
computing systems. In these situations there will be fixed
limitations on the areas of study but a high degree of depth
or specialisation will generally be pursued in the course
content. Such courses are necessarily tailored to the
requirements of a particular industry and the products
produced or handled by that industry.
In these three categories various factors, such as
financial support, commercial interest, availability of
materials and equipment have produced different educational environments with corresponding different
teaching techniques. This is very noticeable in the school
situation where computing equipment may be inaccessible
Or severely limited. Consequently a large and often
predominent part of the school curriculum is concerned
With programming languages and techniques. These languages are usually high level or program orientated
scientific type such as FORTRAN and ALGOL which are
Widely accepted and well defined. Low level languages, i.e.
machine codes and assembly languages, are not normally

considered in any detail. This is understandable in the
school environment as the following points illustrate major
difficulties in the teaching material associated with assembly languages:
I. Due to the enormous variety of computers and
processors, there are many different types and variations of
machine languages. The lack of any form of standardisation
seriously questions the merits of teaching anyone
particular system.
2. These languages are generally rather complex and
many of their detailed programming aspects are of little
interest to the scientific user who is more concerned with
problem analysis.
3. Should computing equipment or computer time be
hired or loaned then the machine characteristics may
effectively vary at any given time as work could be
transferred from one centre to another according to the
situation at the moment. This situation clearly shows the
advantage of a high level language which can be universal
and independent of machine language constraints.
Although the above problems effectively prevent any
extensive study of machine language characteristics in
schools, there is considerable time spent on fundamental
electronics, number systems, logic circuits, machine systems
and other related topics. This state of affairs suggests that a
gap occurs in the school syllabus so that there is no smooth
transition from components and electronics to programming and languages. This paper attempts to indicate a
method by which the basic computing machine may be
studied from both these viewpoints. A model is to be
outlined which will provide constructional and programming characteristics of many present day computers and
thus form a typical system with flexible applications. The
model may then be examined in fine detail by consideration of register construction, machine layout and operation. Alternatively, machine coding, instruction operation, programming and software considerations may be
studied. By this approach various concepts such as system
timing and stored program principles are immediately
apparent. When all the basic machine organisational principles have been accepted then it is a natural process to
develop ideas for software for the system as a whole. Hence
outlines may be conceived for assembly systems, loaders,
monitor systems and eventually the basic concepts of a
compiler system. The emphasis here is to create a teaching
aid which will integrate many topics of school computing
courses in a flexible manner and provide a smooth continium of study and analysis. It is hoped that the results of
such an approach, involving study of machine operation
and design, will not only establish a groundwork for future
computer scientists and programmers but will also be of
benefit to other students giving a general appreciation of
computing machinery principles and considerations.
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2. DESCRIPTION OF THE ELEMENTS IN A FUNDAMENTAL CLASSROOM MODEL

The model to be presented is not defined as a functional
hardware or engineering design but is a conceptual model
illustrated by visual aids and defined by documentated
procedures. This approach eliminates any rigidity or design
or difficulties experienced with working hardware models.
Flexibility is considered to be of the utmost importance
and is one of the main objectives. By study and analysis of
such a conceptual model rather than a real machine, many
features may be included from the wide spectrum of
machine design and organisation. The model is no less real
in effect than any other classroom situation and familiarity
and study of the principles involved provide an appreciative understanding of general systems of this nature.
As study progresses, minor and even major changes may
be necessary in the original model and these can be easily
implemented. Active discussion can produce interesting
proposals which may then be tested on the model and
evaluated. Many modifications can also be created by the
lecturer or course supervisor concerned and aids and
facilities may be extended according to developments in the
system.
The model proposed here is an outline which is at
present undergoing analysis for future improvements based
upon Classroom experience and further research. A detailed
system definition is given in the next chapter after the
teaching facilities and preparations have been mentioned.
The equipment for the model will consist of special
classroom display boards, pre-prepared documentation on
the system for each pupil and a classroom overhead
projector, if this is available. Fig.2.1 shows the basic
classroom requirernen ts.
The computer model consists essentially of a storage
memory and a series of registers for control and arithmetic
operations. The memory unit is to be displayed either in
part or in full to the class and this is achieved by a special
prepared display blackboard. If available "whiteboards"
and fibre tipped pencils would be preferable. A maximum
memory size of 256 locations was chosen as a suitable size
for an educational computer. This has the advantage that it
is large enough to hold a reasonable program for many
examples, but may be displayed in whole as a memory map
on a sheet of paper or on a classroom display board. The
memory organisation is variable, it may be rectangular in
two dimensions so that each side has a dimension of 16
locations. Each memory location is designed to store one
group of digits forming a unit of information known as a
Word. In the given model a word could be a binary number
in which case 16 digits are considered, or alternatively a
decimal representation could be employed which would
require 7 decimal digits. In either case a pictorial.
representation of such storage cells will consist of a rather
long flat rectangular construction. An example of a suitable
cell size may be 20 em. by 5 em.
The ideal teaching aid would include a large board
showing all memory locations, the contents of each storage
cell being clearly visible. A suggestion for memory layout is
shown in fig.2.2 where the total of 256 locations is formed
by 8 columns of 32 rows. The overall size of such a display
board for a 20 em. x 5 em. word would then be 160 em. by
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160 em. This may be inconveniently large in certain
situations and another possibility is suggested by the use of
an overhead projector. A memory map can be prepared for
overhead projection on a roll of acetate or transparent film
so that portions of memory may be examined by projection
on to a screen. This technique, which is indicated in fig.2.3,
requires less display area but allows the whole of memory
to be easily examined in large sections.
A feature of such memory layout schemes is that only
the contents of each location need be displayed; the
location addresses are not given. The addressing system is
indicated by binary or decimal row and column labels as
shown in fig.2.2. A given address can be analysed into a row
index and a column index so that matrix selection
techniques may be studied and illustrated during classroom
course work.
Another important display section concerns the various
registers and functional units associated with the processing
machinery. Each of these units may be presented on a
display board known as the Processor, where they may be
simulated by the actions of participan ts in the classroom.
The registers may be permanently marked ou t on the board
as areas large enough to contain a memory word and their
contents could be physically written in the area according
to the operations required. The teacher or other participant
would then move information and perform operations in a
series of sequential steps as specified in the definition of the
model computer. In this manner instructions and data
would be moved to and fro, going from register to register
and register to memory in a conceptual simulation of a
computing machine.
It is clear that the system must have well defined
operations and complete documentation. The system
specification is an important part of preparation for the
classroom model and will require production of notes for
student use. Such notes may be written so that they
become a part of the system in the sense that they direct
the operation of the model. This will cover the analysis of
operation codes, control of machine cycle states and
memory access operations.
Pre-prepared note sheets may also be used for records of
input-output operations, memory layout maps and personal
student records on current study topics.
The next chapter will illustrate the above points by
consideration of a suitable system model.
3. DEFINITION OF A COMPUTING SYSTEM MODEL
3.1 The complete model consists of a random access
type memory, various control and arithmetic registers and
certain console control switches. A word machine is
suggested" with two versions of word structure. A sixteen
binary digit word is the basic machine unit of information
but an alternative seven decimal digit word may be used in
the initial stages of study. A decimal computer can
introduce many basic machine functions without the
unfamiliarity of the binary number system. Indexed and
indirect addressing techniques are included in the one
address word as shown in fig.3 .1.
The memory consists of a storage area of 256 locations,
each of one word storage capability. The memory has two
associated registers; the memory address register (MAR)
which is either three decimal digits or eight binary digits in
size, and a memory contents register (MCR) of the full
word compliment. Arithmetic operations are performed by

use of an adding unit and an A register (or accumulator)
and a B register (or multiplier-Quotient register). The
control system consists of an instruction register (IR) which
holds the operation code of the current instruction and an
analyser which decodes the current operation and directs
the system accordingly. A program counter (PC) is the
register designed to store the address of the current
instruction in the program. Three index registers are also
incorporated for address modification techniques. Finally,
the console controls are shown by a group of simulated
switches and indicators. These allow any register to be set
to a desired value, indicate "he machine cycle state and
permit input operations to be initiated. The complete
system is illustrated in fig.3.:< in schematic form.
The basic machine cycle operates on a two state basis.
These states or sub-cycles, are designated "Fetch" and
"Execute" cycles. Instructions are withdrawn from
memory during the Fetch cycle and loaded into the
instruction register. During the execute cycle the instruction register contents are analysed and the system is
directed to perform the desired operations.
All registers are displayed on the processor board and
the memory is developed as indicated in ch.2. Registers are
designed to hold 16 digits in the binary model or 7 digits
for the decimal representation. Certain registers will only
hold address values and these will therefore be 8 or 3 digits
long respectively. The machine cycle control and the
operation code analyser are presented as pre-prepared notes
to direct the system's operation.
Other necessary notes include a description of the
operation codes and their interpretation. These notes are
now given for a proposed system.
3.2 Operation code descriptions
Basicsingle operand instruction format
Binary
16 Bit word
I st bit flag indicates indirect addressing
2
bit to specify one of three index registers or no
indexing if both bits zero
5
bits form operation code
8
bits form address to directly address up to 256
locations
Decimal
1st decimal digit specifies indirect addressing if value
I and direct addressing if value zero, values 2 to 9
are unspecified
2nd decimal digit specifies index register for values
zero to 3,"values 4 to 9 unspecified
3rd & 4th digits form operation code
5th, 6th & 7th digits form address from 000 to 256
values greater than 256 are unspecified
Instruction Formats
Both the above systems consist of two distinct
formats. Memory reference (M) types involve memory
operations, while generic types (G) perform register
operations only.
The following instructions are listed and described according to their type. A brief description of each instruction, a
mnemonic name of two characters and a binary and
decimal representation of the operation code are defined.
Type M Instructions
AD 01 00001 Add This instruction transfers the contents

SU 02 00010
MT 03 00011

DV 04 OOJOO

SA 0500101
SB 06 00110
LA 07 00111
LB 08 01000
LI 09 01001

SI 10 01010
RD II 01011

WT 1201100
CP 13 OJ 101

NP 1401110
HT 15 01 III

of the specified location and the A register to
the adder unit.
An. addition is performed and the result is
returned to the A register.
Subtract Operation as above but difference
returned to A register.
Multiply The contents of the B register are
multiplied by the contents of the specified
location. The result is found as a double
length number in the A and B registers.
Divide Contents of the A register are divided
by the can ten ts of the addressed location.
The quotient is returned to the B register and
the remainder is returned to the A register.
Store A The contents of register A are
stored in the specified address.
Store B The contents of register B are stored
in the specified address.
Load A The contents of the specified location are transferred to register A.
Load B The contents of the specified location are transferred to register B.
Load index The contents of the specified
location are transferred to a specified index
register.
Store index A specified index register is
stored in the specified location.
Read Eight locations beginning at the specified address are loaded with data from an
input device.
Write Data is sent to an output device from
eight locations in memory. The first location
is the specified address.
Compare The contents of the A register are
compared with the contents of the specified
location. If the A register contains the
highest numerical value the next instruction
is executed.
If the A register contents are equal to the
contents of the specified location then the
next instruction is omitted as the program
counter (PC) is incremented by one. If the A
register contents are a lower numerical value
then the program counter is incremented by
two thus missing two instructions in
sequence.
No Operation All register states are unchanged.
Halt This terminates the program by not
initiating the next instruction.

Type G Instructions
SL 16 1000 Shift Left The contents of the B register are
shifted into the A register. The number of
digit shifts is taken to be the value given in
the address portion of the instruction.
SR 17 10001 Shift Right As for shift left but from A to B
registers.
JM 18 10010 Jump The address portion of the instruction
is loaded into the program counter (PC). The
next sequential instruction will then be taken
from this location.
JN 19 10011 Jump if Negative If the contents of the A
register are negative then the given address is
loaded into the program counter.
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JP 2010100 Jump if Positive If the contents of the A
register are positive then the given address is
loaded into the program counter.
JZ 21 10101 Jump if Zero The contents of the given
address are only loaded into the program
counter if the A register contains all zeros.
JS 22 10 II 0 Jump and Store The given address is loaded
into the program counter after the present
contents of the program counter have been
stored in a specified index register.
CA 23 10111 Clear A Register A is set to zeros.
CB 24 11000 Clear B Register B is set to zeros.
IA 25 1100 I Increment A Register A is incremented by
the amount given in the address portion.
IB 26 11010 Increment B Register B is incremented by
the amount given in the address portion.

3. Memory read or write operations are performed as
required by the current instruction.
4. When the operations are completed a fetch cycle is
initiated.

5. CONSOLE CONTROL FACILITIES
1. Stop/Start switch

2. Master clear switch
3. Select and set switch

3.3 The operation code analyser
1. Examine the contents of the instruction register.
2. If the operation code in either binary or decimal
systems is a number greater than 15 go to step 6,
otherwise follow step 3.
3. Send the address portion of the instruction register (IR)
to the memory address register (MAR).
4. Look up instruction in type M list.
5. Go to step 7.
6. Look up instruction in type G list.
7. Perform the operations as defined in the operation code
descriptions.
8. Initiate the next fetch cycle.
4. MACHINE CYCLE DESCRIPTION
Fetch Cycle
1. The contents of the program counter (PC) are moved
into the memory address register (MAR).
2. The memory is addressed and read out into the memory
contents register (MCR).
3. An image of the contents of the memory contents
register is moved into the instruction register (IR).
4. The program counter (PC) is incremented by one.
5. An execution cycle is started.
Execute Cycle
1. The analyser is consulted in order to determine the
following operations.
2. If the current instruction is a memory reference type
(M) then the address portion of the instruction register is
sent to the memory address register. Otherwise a type G
instruction is assumed and the complete instruction register
is analysed for further information.
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4. Bootstrap switch

5. State indicator

When started the machine
begins a fetch cycle. If stopped the machine rests in a
halt state.
This clears all control and
arithmetic registers.
This allows any register to be
set to a desired value.
This initiates a read operation
into location 000 upwards
until 16 locations have been
filled.
According to the machine
cycle state an 'E' 'F' Of 'H' is
displayed.

6. CONCLUSION
The above outline indicates how operations are to be
performed by human participants as directed by machine
requirements. The machine requirements for a suggested
system have been given in note form in sections 3§2, 3§3,
3§4 and 3§5.
The operation codes have been introduced in a manner
which will allow easy modification and extension of the
range of functions. The generic type instructions may be
omitted from the initial stages of training course without
seriously affecting programming capabilities.' Similarly the
binary system may be ignored in the earlier stages and for
more advanced studies can provide an insight into machine
design and such topics as micro programming methods.
Mnemonic names have been introduced and these will
be used in the discussion of assembly language systems and
machine programming aids. Such alphabetic characters
would have to be coded into a binary or decimal
representation and this would introduce the concept of
character packing in word machines.
Data word formats have not been illustrated but fixed
point data words would follow normal machine practice
whilst floating point data formats could be devised and
examined as part of classroom study.
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TEACHER TRAINING

THE

IMMEDIATE

REQUIREMENT

R. Lewis

In this paper I wish to look at the implications of
computer education in schools on the training of teachers.
'By schools I am referring to educational establishments
with students of up to about 18 years of age.
In these schools we wish to consider two aspects of
computer knowledge. First, a general appreciation of what
the computer is and how it can help us with tedious or
difficult calculations. It is possible to involve all students in
these studies as the mathematical content can be kept quite
small. Secondly, the mathematically or scientifically biased
students can go further and expand their knowledge of
mathematical topics by using a computer to help them over
complex or tedious computation, as in numerical analysis
or statistics. I will not expand on these aspects as they will
be discussed elsewhere and are well documented: B.C.S.
(1968); Goldstein (1969); B.C.S. (1969); S.ED. (1969). I
have omitted a large area of possible study - that of
computer science as an upper school study - as I feel that
specialised work on computing is too vocational to be
placed in the broad based curriculum which we are trying
tocreate.
It is clear that mathematics staff are best equipped to
deal with the computer related mathematics aspect to
which I have referred. However, it is not essential, and
indeed it is undesirable, that a general course on
appreciation be the sale domain of the maths teacher. It is
hoped that the general course would demonstrate the broad
relevance of computing to diverse human activities and
hence involve the social aspects of the computer.
Having introduced the school environment in which we
hope our teachers will find themselves we must look to
ways of equipping these teachers with the knowledge and
materials they need: We have the problem of the
experienced teacher confronted with new topics and the
problem of new elements .in the courses for trainee
teachers. I must avoid getting wrapped up in' the
complexities of the teacher training organisations in my
country. At the present time we have to cater for teachers
and for teachers of teachers, but the starting points are very
similar.
It is perhaps most suitable to introduce computing to
teachers in a manner similar to the ways in which they may
present the material to their own pupils. It is most
Important, however, to delve rather more deeply into the
SUbject than the teachers would necessarily wish to do with
their pupils. For example, to discuss source and object
programmes, compilation and interpretation, would be
most important for teachers but not essential, or even
desirable, for all pupils in a school. It is very easy to
complicate the teaching of computing when only the
essence,the logic, is required.
One important recent development in computing is the

extensive use of interactive terminals and conversational
languages. It is the latter which have made a big impact on
our approach to computing in schools and hence to teacher
training. It is now not necessary to teach a complex
high-level language which will take some days to master. A
conversational language can be used interactively after
half-an-hour's study and this removes the one serious
educational objection to computing in schools.
To return to implementation of these ideas in
teacher training: we have two distinct areas of training,

viz. initial training and in-service training. The initial
training of mathematics teachers in Britain falls basically
into two sections: the courses in education and curriculum

for post-graduate students and courses for non-graduates in
mathematics, education and curriculum. The fonner is

usually a one-year course while the latter is a three-year
course which may be extended to four years leading to a
degree in education.
The mathematics graduate following a one-year course
in education has a considerable background of pure
mathematics but, much to my surprise, may not have been
involved in any work with a computer. Two main teaching

objectives arise here. First, to introduce the basic logic
behind the computer approach to problems - a systems
approach to mathematical problems - and secondly, to
show how this work may be made relevant to mathematics
teaching in schools. This student is then well equipped to
teach computing through mathematics in schools. A third
objective may follow from this with the student who wishes
to teach the less mathematical, though logically demanding,
field of data processing as part of a more general
appreciation course.

The non-graduate on a three-year course will have a less
sophisticated mathematical background, However, during
his training the mathematical content of the course may be
linked with computing in suitable areas and so the parallel
development of these topics is possible.
With regard to the training of established teachers the
approach needs to be different. These teachers have an
extensive knowledge of the school situation and are
generally much more critical of the innovation of
computing. To run a course of this type which is aimed at
being an education course rather than a computer programming course is a harrowing experience. Once the teachers
have grasped the basic ideas of computing and the mystique
is dispelled, critical and most worthwhile discussions arise.
into what we are trying to do and why. This is most
valuable in this new field where objective evaluation studies
are difficult and have rarely been attempted. I always find
any discussion on these lines most stimulating and consider
it quite essential for anyone in an area of curriculum
change.
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I hav~ so far only mentioned the training of
mathematics teachers. It is, however, one of the most
interesting aspects of computer education that it is the
domain of no single discipline and so the bias of computing
towards mathematics should be reduced. Certainly the
biological, physical and. social sciences are becoming more
involved with mathematics. One of the main reasons for
this is that mathematics in now able to offer an
understandable and useful tool: the computer.
Due to this general awareness of computing in the
sciences, teachers of these disciplines in schools are finding
it essential to be familiar with ways in which computing
affects their particular subject area. We have seen
computing come into school mathematics in the last few
years and it will become more extensive in the next decade.
I am sure that we shall hear of the relevance of computing
to the arts during this Conference and so my view of the
importance of a knowledge of computing to all school
teachers is not unduly radical.
In the University of London Institute of Education,
which supplies to schools 6,000 teachers per year, we are
looking now not only into substantial computing courses
for mathematics teachers but also at the ways of involving
all our students in some awareness of computing.
One further point may well be worth mentioning at a
time of general curriculum reform. More and more teachers
are becoming involved in various curriculum developments.
These developments are now invariably carefully evaluated
and even if the teacher himself is not personally involved in
the evaluation studies, though many are, the computer
approach to these studies is of great practical importance to
him. An ability to perform simple systems analysis of
problems, enabling him to conduct evaluation studies with
the aid of a computer, is of growing importance to any
forward looking teacher.
Before finally outlining the basic content of courses for
teachers, a word about the timing of courses. A course in
computing - I emphasise, an education course not a
programming course - can be run in many ways and to a
large extent is dictated by the commitments of practising
teachers. In my view, a concentrated week's work is far
from ideal. Although at a basic level, many new ideas are
involved and the assimilation of these over a period of time
is essential. Many courses are run in the evenings but we all
know that after a full teaching day it is difficult, if not
impossible, to study efficiently in the evening though I raise
my hat to those who try and to the many who succeed.
Any course which is worth running for teachers warrants
time given to the teacher from his normal commitment.
Education Authorities must accept this fact and make
provision for full-day or half-day release of teachers who
are prepared to get down to the not-so-easy task of
re-equipping themselves to cope with the changing school
pattern.
The courses which I am running at Chelsea College for
established teachers are based on five-session modules
involving a half-day each week for five weeks. The basic
course can be followed immediately or at a later date by a
further five-session module and so on. There is a problem of
giving teachers a wide experience of equipment, on-line
conversational links and small computers, and yet avoiding
confusion and time consuming difficulties with various
languages. I have tried to solve this problem by devising a
simple language which is the conunon core of all the
languages we use. This is a three-address language with a
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basic set of eight instructions allowing all forms of loop
operations. An easy extension of this allows for address
modification and so allows data processing and matrix
operations to be performed. The language takes five
minutes to learn; the conversational links provide syntax
and logic error. diagnosis. The small machines are only
marginally more difficult after a five minute introduction.
The language barrier is broken in half an hour; the real
approach to problems can then begin. In practice 1 start
with the problems as the purpose of a language is then
apparent. The sessions are as pracically based as possible.
Class teaching of computing is obsolete beyond the
introductory stages. A video tape and project cards more Or
less dispense with the lecturer who then becomes a trouble_
shooting tutor.
The project work will depend on the interests of the
teachers. There are basically three broad areas: numerical
methods, statistics and data processing. These can be dealt
with at as elementary or at as advanced a level as the
teachers wish. The object is to make each teacher confident
in his own area. The level is immaterial though in practice
teachers SOon progress with great enthusiasm.
For initial training of teachers much of the above
applies. Computing is difficult, inadvisable even perhaps
impossible, to examine by written paper. Course assessment
and project work encourage initiative and enthusiasm.
One scheme which we arc currently studying in London is
outlined below:
I. Analysis of problems - the computer and its approach
to problems.
2. Flow diagrams leading to programmes in as simple a
language as possible. These to demonstrate the use of
decisions, loops, iterative process, subroutines.
3. a) Data processing to include file sorting, merging,
up-dating.
b) Numerical methods of integration and differentiation, solution of polynomials, linear equations,
matrix methods.
c) Statistical analysis related to project evaluation
studies.
Assessment will be on course work and the student will
keep a log of all problems analysed and programmes run. At
least two major suites of programmes involving topics in at
least two of the sections in 3, will be expected.
In the foregoing I have only discussed the courses for
mathematics teachers and implied extension to scientists
bu t in the wider social field of change brought about by
computing all our teachers will be better equipped if they
have some knowledge of the computer solu tion of
problems. The field of data processing with its generally less
complex mathematical basis is ideal for this study.
I have implied in this paper that all teachers must be
involved with the computer as soon as possible. This
imposes a tremendous challenge to our educational training
system bu t it is one which we must tackle with all
resources.
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I. INTRODUCTION

After a series of unsuccessful requests for the setting up
of a Schools Computer Centre in the City of Glasgow it was
decided, in May 1968, that such a Centre should be set up
in central Glasgow with the expressed purpose of running
pilot courses for school teachers from all disciplines and for
a selection of pupils.
The Glasgow Centre is located in Dundas Vale Teachers
Centre and comprises one programming laboratory/lecture
room, capable of accommodating some 25 people, and a
computer operations room.

The configuration currently installed is an I.B.M. 1130
system made up as follows:
1131 Central Processor Model 23 with 8192 16 bit
words of 3.6 J1 sec. store and single exchangeable disk
drive for 512K word disks, and a console typewriter/
printer.
1132 Line Printer which prints 120 characters per line
at a rate of 80 lines per minute.
1442 Model 006 Card Reader/Punch which reads cards
at a rate of 300 cards per minute and punches cards at a
rate of 120 cards per minute.
Two 029 Interpreting Card Punches.
059 Card Verifier.
The Centre is currently staffed by one Principal Teacher
responsible for the day to day running of the Centre and
for all teaching and instruction provided for day school
pupils within the Centre. There are additionally, two
full-time machine operators, and further teaching is
undertaken by part-time teachers from various sources such
asUniversities and local industry.
Compilers are available, and in use, for the following
languages:
The basic programming language TAM
Student language (SL/ I), a commercial subset of PL/ I.
ALGOL
FORTRAN IV.
2. TEACHING CARRIED OUT IN THE CENTRE
Courses taught at the Centre fall into two main
categories.
2.1Courses taught to school pupils
Currently these pupils (in the 12·18 age group) are
taught either FORTRAN IV (or ALGOL) or SL/I
depending on the orientation of their curricula.
Pupils intending to sit the Certificate of Sixth Form
Studies (post-University entrance) are prepared for the
computer studies section of one of the mathematical papers
involving the use of FORTRAN or ALGOL

Younger pupils in the 12·15 years age group are
provided initially with an introductory course on data
processing techniques and programming methods using the
basic programming language TAM. This course is followed
up by a scientific or commercial language course dependant
on the pupils background.
A number of special courses are given after school hours
to members of school societies. The success and content of
these courses depends to a large extent on the enthusiasm
of the teacher in charge of the group. In addition some
experimentation is underway to create an awareness of
possible employment in the areas of keypunching and
computer operation.
Presently, the majority of these courses are presented by
the Centre staff, but as more teachers are trained some
classes are taught in the schools and the pupils from these
classes attend the Centre for the purpose of debugging their
programs on site under supervision of the teaching staff in
the Centre.
2.2 Courses taught to school teachers
Several courses on FORTRAN IV and SL/I have been
given to secondary school teachers from a wide variety of
disciplines. These courses are intended as introductory
courses and are followed up by more specific courses in
particular applications of computers in particular fields.
Additionally courses are being offered on computer
operation so that these teachers are in a position to develop
their programs and run them without supervision from the
teaching staff in the Centre.
As a result of these courses for school teachers, several
study groups have been created. The remits of the three
groups currently meeting are as follows.Group I
To prepare programs and solutions for use as
classroom demonstrations and projects.
Group 2
To investigate the use of the computer in school
administration. To look, for example, at the possibilities
for standardising examination marks and to produce
school record files accessible to teachers and to
headmasters.
Group 3
This group is involve.d in the. preparation of a
comprehensive set of documented and debugged
FORTRAN programs.
This teaching commitment of the Centre for the year
February 1969 - to January 1970 is summarised in Table I.
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Language

TAM

SL/l

Pupils
Teachers in Service
Teachers in Training

22

316
48

-

Totals

22

-

FORTRAN Total

-

177
69
25

515
117
25

364

271

657

TABLE I
Teaching undertaken February 1969 - January 1970.

3. EXPERJENCES IN THE TEACHING OF COMPUTER
STUDIES TO SCHOOL PUPILS AND TO SCHOOL
TEACHERS

One of the principal problems experienced is the choice
of programming language. Prior to the setting up of the
Centre some teaching had been carried out using the basic
language TAM and it was decided. to continue with courses
in this language as introductory courses and for those
courses with a minimum of programming content. A
compiler for TAM has been written and is now operational.
Pupils reaction to TAM is favourable in that they find it
simple to learn and easy to implement. One important
feature of Tam is the ability to gain early access to the
computer. There is a danger however of teaching too much
at this low level and consequently TAM is largely
considered as an introduction toa high level language.
Once this initial course is completed "The course
continues with either SL/l or FORTRAN. (or ALGOL)
depending on the pupils orientation. Tlie choice between
FORTRAN and ALGOL is a very difficult one to make.
Currently the teaching of scientific programming within the
Centre is almost exclusively confined to FORTRAN
because it is felt that access to the computer can be attained at an earlier stage than for ALGOL.
The difficulty of teaching programming to pupils and
teachers. who have neither a scientific nor commercial
background, is a very real one. It is intended that the
membership and remit of the presen t Study Groups should
be increased to incorporate teachers whose background is
principally in the ARTS field.
With the innovation of 'A' Level Computer Science
courses in England it is to be .expected that a similar
leaving certificate qualification will be available in Scotland
in the not too distant future. The new Certificate of Sixth
Form Studies goes some way towards meeting this
requirement. However the innovation of yet another new
course in schools would not be without problems. Teachers
are already expressing anxietIes over the problems of
teaching computer studies in schools. The shortage of
qualified teachers is in itself a major problem. Hands-on

11/80

experience is essential thus limiting the number of pupils
who could undertake such a course. Postal program testing
would be a poor second best. The size of classes is also a
problem. Thirty pupils is undoubtedly too large a class to
handle in a practical session.
In the light of these problems one is tempted to ask why it
is that it appears that only teachers of Mathematics can
teach Computer Science. The introduction of computing to
almost all science courses at University IS producing a
new breed of teacher who could alleviatefthis staffing
pro~le~ to some extent. Additionally it may be necessary
to limit the numbers of pupils studying Computer Science
in schools by means of some type of selective aptitude test.
4. THE FUTURE
It is hoped that, in the near future, a working party will
be set up to investigate the possibilities for producing an
E.T.V_ package. This would not bea complete program.
ming course, but rather a series of videotapes on particular
topics which would supplement rather than replace a
complete programming course.
On a similar theme it is proposed to investigate the use
of the language laboratory approach to the learning of a
programming language. It may be that this technique may
overcome the problem of shyness which' is particularly
obvious in the training of school teachers.
Members of courses for teachers who have some
background in programmed learning techniques will
investigate the adaptability of their particular subjects to
computer techniques and will consider the possiblities of
producing programmed texts for pupils.
Looking further ahead one has to consider the future
role of computer education in a city the size of Glasgow.
The question which immediately comes to mind is 'Should
the future investment be made in several centres similar to
the existing one or should a large machine be installed with
on-line facilities available in each school?' The latter is
certainly the most exciting of these possibilities. On-line
access for classes coupled with a powerful machine for
undertaking additional administrative duties would solve a
great many problems. The initial financial outlay for such a
project is sufficiently large to be almost prohibitive so that
a planned expansion to include several small centres, with
pupils coming to the machine, may have to suffice.
It can be argued that actual contact with the machine is
not essential for the training of programmers so that pupils
need not visit the Centre. It is perhaps interesting to note
that people who argue this way have invariably learnt their
programming in a do-it-yourself operating environment.
Hands-on experience is absolutely essential at the start of
any computer course.
As the course continues so the machine may become more
and more remote.
The Dundas Vale Computer Centre is still very much in
its infancy. Provided the expected growth rate is
maintained Computer Education in Glasgow Schools will
continue to expand and flourish.
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I. INTRODUCTION; WHAT.S INFORMATICS

What are computer sciences: a technique or a methodology? How, great is their impact in the modern world?
How should secondary education develop, in order to allow
for them?
These are the three aspects of the same question, to
which we propose to look for some sort of answer.
The notion of information dominates physics and
modern thinking, since all physical systems are essentially
defined as exchanging with other systems of energy and
information: human systems (individuals or firms) in
particular owe their life to the manner ill which they
receive information and thereby undergo modification. It
would even seem that we ought for the same reason to look
for the reason why they move in the past -->future
direction. Information, formation (and deformation) are
therefore related by links which have gradually been
becoming more explicit for the last twenty years.
What is 'informatics'? Should it be defined by its
object, information processing, or by the means involved?
If each physical entity is an information processing system
(basic principle of modern probability physics), the techniques refer more to computers, setting aside the fact that the
computer only constitutes an interesting system if it is
programmed by man (computers themselves constitute a
very special, artificial system, without taking into account
the fact that they do not create information). However,
what is meant by 'creating information' is too difficult a
problem to be tackled here, for our punpose is to deal with
secondary education and not scientificophilosophical problems. Therefore, defining 'informatics' as 'the complete set
of sciences to be mastered in order to best conceive and run
an information system' can only be an approach to this
science if we locate computer informatics within the
framework of general informatics, (so general that it even
includes all systems, therefore, to a certain extent, the
whole of physics and biology).
Moreover, how important is the definition? (and our
preference goes to the second, since it is quite true that
each science is defined by the subject it studies and not by
the instruments it uses or the methods that have been
developped with regard to it: astronomy is the science of
the stars and not that of telescopes; chemistry is the science
of peripheral electrons and not that of iesttubes.
The two aspects 'computer technique and manipulation'
and 'information methodology' are as related as are
spectroscopes and astronomy. And we shall see that it is
this same line of thought (OBSERVATION, MODEllSAnON, ACTION) that can be traced back to the origins of
Europe that is responsible for general and technical
computersciences.

I) THE NOTION OF THE MODEL WOULD APPEAR
TO BE FUNDAMENTAL: so that, to a certain extent,
all the rest is simply technical.
A model must allow for all the information gathered
and can therefore only be evolutive: a static system has
no meaning except in a very short term, and results in
an internal contradiction.
TIME IS OUR ESSENTIAL GOOD, THAT WHICH
ENABLES OUR FORMATION, INDIVIDUAL AS
WELL AS COLLECTIVE.
All this implies that the notion of statistical reasoning is
central, when speaking of time or infonnation. We must
reason in statistical terms, as the founders of computer
sciences realized only too well.
2) We can only dominate by the knowledge which is
acquired first by resuming, listing, classifying;( I) this is
essentially an abstract act (the height of abstraction)
which alone enables man (but not sufficiently) to act
on nature. Moreover the authors of Genesis had known
it for a long time in the very first verse of one of the
first books of humanity.
The modern world rediscovered all this when it gave
itself a methodology, a technique and subjects (let us
quote a few names at random, such as Gutenberg,
Galileo, Fisher and Shannon, Von Neumann, Wald...).
It appears more and more clearly, particularly among
the so-called developped societies, that the desire to
exchange (whence the concern with information) has
overtaken the desire to produce. The difficulty lies in
gathering information, and in analysing it in a cornprehensive model,(2) and in acting in consequence,
which in itself modifies the model and enables a more
precise analysis and offers a possibility of greater
wisdom.
2. MAN AND INFORMATION
Thus' we see that the 'revolution infonnatique' to use
the customary but badly-defined vocabulary, is far ahead of
the consequences of the increasing number of computers.
After energy, man is conquering information, before
conquering a sanely ethical view of life (let us hope that
information will not be the death of man).
On these grounds it is relatively easy to define roughly at least - what the man of tomorrow should be
like, and what qualities he needs.
First of all he must know how to SEE, that is to b'e
curious (which is in fact the rarest quality required of a
scientist: to know how to ask questions and how to admire)
and to be able to document himself to a useful punpose (the
second quality required of a mathematician, in the words of
the famous wit, is to be as devoid of memory as of
patience).
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The meaning of these facts can only be seen through a
model: THE ART OF ABSTRACTION. The baby who calls
everything round 'ticktock' or the child who calls
everything worn on the wrist to tell the time a watch are
simply becoming initiated into the deeper joys of thought,
for everything concrete is only the intersection of abstract
properties. Here we again see the importance of classifying
(first stage of any abstraction) and of naming.
Moreover, all abstraction implies language, that is, a
means of universal transmission. We must learn to express
ourselves, and at a certain level, there is nothing better than
learning an algorithmic language.
A true analysis implies, besides language, checking that
everything has been considered in the possible futures,
taking into account the writing of ORGANIGRAMS and
COMBINATORY techniques, at least elementary ones. Last
but not least, an a priori and a posteriori criticism from the
three-fold point of view:
a) of the STATISTICAL ponderation and the examination
of the UNCERTAINTY OF DATA
b) of the strength of the model (stressing the conclusions
of the gap between REAL and MODEL)
c) of the value of the chosen objective i.e. the ETHICS
adopted.
ALL THIS SHOULD SOLIDIFY INTO A PROGRAM,
OR FAILING THAT, INTO AN INDICATION OF THE
ESSENTIAL POINTS. THE FOUR ESSENTiAL POINTS
TO BE DEVELOPPED (NOT FORGETTING THE ETHICAL CONSCIENCE) SEEM TO BE: THE ART OF
INFORMATION, OF ORGANISATION, OF CRITICAL
MODELISATION, AND OF UNIVERSALISING EXPRESSION. WE ARE NOT CONCERNED WITH GOING
DEEPLY INTO ANY OF THESE COMPLEMENTARY
FORMS OF COMPETENCE, BUT WITH INITIATION
AIMING AT A NECESSARILY PERMANENT ATTRACTION. A BALANCE IS THEREFORE IMPERATIVE; IT IS
FINALLY A QUESTION OF LEARNING TO REASON IN
A LOGICAL AND ORGANISED WAY.
3. AN EXAMPLE
To end on an cven more precise note, we should like to
suggest an example; mathematical and inforrnatical competence. Not that we identify mathematics and informatics,
but because this is an example with which we are relatively
familiar, and an example showing how informatie thinking
can bring about a science.
3.1 Outline the main structures, while paying particular
attention to the discreet structures and combinatory, to the
detriment of continuous structures (reals and functions of
real variables) which have been too exclusively dealt with as
we have had experience of them for a century and not for a
generation.(3) In the same way the logical operators and
Z=max (x,y) - the search for a maximum of a function,
discreet or not, and switches - are to be considered as
essential as the four operators of traditional arithmetic.
3.2 Learn an algorithmic language laying particular stress
on the fact that two different algorithms, two different
arithmetics starting from apparently identical data arrive at
different results: the role of constructive mathematics is to
be brought up to date.
3.3 Statistically analyses of the real, a process typical of
modern science
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4. NEED FOR A SYNTHESIS
We can see from this example how far we are from the
present programs, which cover a subject which is important
and should not be neglected. In fact the teaching of
mathematics in France is still based on the very first
elements of geometry, algebra and analysis (for we cannot
call otherwise the solution of the second degree equation
or an approach to the exponential function). It would
hardly be difficult either, to do at least the same in
combination, for example. We hope soon to be able to Confirm that a synthesis is possible with a slightly heavier
timetable (perhaps as regards practical work) than the
official French ones, PARTICULARLY IF WE PLACE
OURSELVES WITHIN THE TEACHING FRAMEWORK
WITH A VIEWTO PERMANENT EDUCATION. That is to
say, essentially by acquiring a dynamic attitude to change.
Of course, learning programming through terminals is very
useful in teaching, particularly as the latter alone enable an
objective means of checking practical work. However it is
clear that the proposal far exceeds that of programming
training, and that the necessary change in outlook should
be started straight away, and the use of the keyboard
cannot but favour it. We are not under any illusions: to
adapt traditional teaching to such a degree is a much
heavier and much longer task, entailing the constituting and
buying of programming material. We must count in decades
not in years. This is just one more reason for starting to sort
out even from old programs what they cover by way of
informatics.
AND WHY NOT USE SIMPLE EXAMPLES SINCE
GOOD INFORMATICS AND GOOD REASONING ARE A
LOT ALIKE?
Of course, this concerns all subjects too.
history and arts: the evolutive creation of an ethic:
aptitude to change: the interaction of
men and systems; the opening of a
dialogue; the part played by time
languages:
the mother tongue, other languages,
mathematical language, informatical language, physical language, philosophical
language....
mathematics:
Note for instance the incorrect use of
the sign = in the formula:
x' + 2x + I = 0 "x = - I
physics:
also teaches the notion of law and the
interaction among systems.

5. CONCLUSIONS
We are pleased that the Rehovot meeting resulted in
wide agreement on these points, and stressed the role of
general training and perhaps apprenticeship, which are
much more essential than an acquisition leading to the
problem of civilisation and culture and to the simple
training in programming technique (a necessary base
nevertheless) which might appear sufficient in itself.

FOOTNOTES

(I) The computer on its own can name without knowing, analyse

without knowing the meaning of what it is doing; the only
interesting system (man/computer) docs of course know, and
cannot name without having abstracted the elements it considers
constitutive (abstraction).
(2) We must not forget the essential (which we tend at present to
forge I lao easily, and this is the main fault of our generation)
that action is meaningless unless we think of its purpose, that is,
unless we have agreed on its ETHICS. What is the use of
minimising if we do not know what to minimise? But this is
beside the point.
(3) The question of notation is very important. Defining the symbol
:;:: as that of a reflexive symetrical and transitive relation, the
strictest mathematician and the best-informed teachers still
write:

x'+

LX ... 1 '" (X+!),

.r' -t- lx + ! ~ 0 JiB =C- Vi V;
i

=:::

f

=

I, 2., -,

~

X

= -

7

C~ =Ea.ktKj

11

(z)

and in statistics

X

Q

x <

Q

lQ=Qx -r t

F X (r)

=Pro6(X < T)

whilst at least three symbols are needed
equality (in any hypothesis, and particularly for any value of
symbols, we may replace the right member by the left
member and reciprocally)
taking the value (is set equal to)
becoming (dynamic affectation)
function (signifying sometimes = and sometimes 0=)
and then we can write

x'

2. X

-r

-t-

X' ... 2.x -t-7

! = (1:
·=0

-t:
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~x·=-/
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<
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A

COMPUTER FOR

SCHOOLS

An account of the field trials of an IBM experimental schools computer 1969.1970
J.D. Tinsley

J. FACTORS INFLUENCING THE DESIGN OF A
SCHOOLS COMPUTER
In the last few years many different attempts have been
made to introduce the concepts of computing to children
whilst they are still at school. Most of the machine access
which is at present used in school was originally designed
for commercial or scientific purposes; the adaptation of
such machinery to the classroom situation has not always
been easy or desirable. Often, in the struggle to make a
particular device attractive and relevant to the school chIld,
the results have been inadequate, the benefits questionable
and the cost prohibitive.
It was therefore of great importance to the educational
world that in 1966 the IBM (UK) Laboratories at Hursley
decided to design and experiment with a computer which
was to satisfy an educational, rather than a commercial,
specification. The first prototype was designed by D. M.
Taub and C. E. Owen and was built under the direction of
B. P. Day. Help with the initial specification was given by
Dr. Bryan Thwaites, Director of the School Mathematics
Project, and Professor Gerrit Blaauw of the Technische
Hogeschool, Twen te.
A full description of the machine may be found in a
paper by Taub et al. (1970). In outline, however, it was
hoped that the machine would strike a happy medium
between two approaches which had been tried at school
level. The first was to introduce the subject from the
Physics standpoint, showing children how elementary logic
circuits are constructed from simple components. This

approach does not appeal to all children and tends to make
the computer unattractive from a user standpoint. The
second approach concentrated on the use of a high level
language such as ALGOL or FORTRAN. This work proved
to be valuable in the illustration of scientific and
mathematical principles but made the machine appear
rather like a 'black box', that is, a remote machine whose
workings could never be understood by the averagestudent.
hi the last year or two, the on-line terminal and the use of
conversational languages have been the subject of many
experiments at school level, but these devices still leave the
user remote from the machine.
One of the principle constraints, however, in the British
educational system, is that of expense. Any machine which
has to satisfy the needs of all children in the field of
computer studies must necessarily be inexpensive. Very few
schools can afford a machine large enough to run high level
and conversational languages. This means, at present, that
less well-endowed schools must share the facilities of other
computer users, either by visits or by postal access. These
latter methods are unsatisfactory because a student's
program may take several visits or postal transmissions
before satisfactory results are obtained.
The Schools Computer was therefore designed to satisfy
as many of these constraints as possible. The cost of the
machine was reduced in the following ways. The central
processor, core store and keyboard were all enclosed in a
single unit and manufactured from solid state circuitry.
Apart from the main switch there are no moving parts;
input being through a set of capacitance touch-keys which
Were designed to stand up to the rigours of school use. In
the trial models, a cooling fan was necessary because a

standard core store was used rather than one specially
designed for the purpose. A store of the correct size would
make the physical size of the machine physically smaller
and consequently lighter in weight. Output was arranged
through an ordinary TV receiver, which prevents the user
from obtaining hard copy of any results, but has the
advantage of being cheap, and easily maintained. Moreover
the TV display can be used to demonstrate to a whole class
of children - a facility which is not enjoyed by the
computer terminal without the addition of an expensive
closed circuit television system.
A further valuable feature is the use of an ordinary
domestic tape recorder as an extra input/output device.
This enables the teacher to load a demonstration program
at the beginning of a lesson, and also to record a piece of
work that cannot be completed in the time available. The
tape recorder is an item of equipment that most schools
have available and is as easily maintained as the school TV.
The cost of recording tape is negligible and so teachers and
students can cheaply build up their own program libraries.
The whole store can be recorded or reloaded in 32 seconds,
compared with about 20 minutes by hand via the touch
keyboard.
The language problem was tackled by using a small
store, including a set of the general purpose registers, and
an adder/subtractor unit. A powerful instruction set is
provided which can be used to prepare subroutines for
carrying out processes such as floating-point arithmetic.
These subroutines are held in a protected part of the store
and are implemented in the same way as the 'extracode'
instructions in Atlas. The user is normally concerned with
100 words of storage, each of which can contain one
three-address instruction, two single-address instructions or
one data word. Each word of storage consists of eight
four-bit binary coded decimal digits. The arrangements of
the eight digit positions when storing data is shown in fig.
1.2.
Fig J.2(b) shows how the data words are displayed on
the TV screen, with the decimal place in its natural position
and the sign on the extreme right.
The data range is thus from ± 999999 to ± 0.000001,
including zero, and has proved to be sufficient for most
school applications.
Three-address instructions occupy all eight digit
positions and fig. 1.3 shows the arrangement of these
instructions as used for the main trials and for the first
course book, Taub et al. (1969). The instruction set also
includes facilities for relative and indirect addressing and
these may be called by changing the value of the digit a.
2. THE FIRST PROTOTYPE AND ITS TRJALS
The first prototype was ready in July 1967 and was
shown to a group of people from the School Mathematics
Project who had been working in the computer field. The
present author was among those attending and was very
impressed by the potential of the machine, having just
finished a two year research programme in the use of a high
level language approach to the teaching of sixth form
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mathematics, see Corlett et al. (1968). At this time no plans
were made for further experiment with the machine
but is was shown to a government working party and was
also used in a set of lectures given to the Oxford University
Institute of Education by the present author in November
1967. The machine was used for two of these lectures and
it became clear that the computer had a great deal to offer
as a 'live' visual aid. The course of lectures emphasised the
use of the computer as a tool to illustrate mathematical
concepts. Between lectures the machine was used for a
week
at
St.
Edward's School, Oxford, where
demonstrations were given to a large number of the boys at
the school. Extensive use was made of the machine by the
boys themselves and also by visiting teachers and parties of
schoolchildren.
Encouraged by the success of these experiments, Mr.
M. N. Molesworth, at the Oxford Institute of Education,
persuaded the IBM Company to mount a full scale trial of
the machine. The present author was asked to direct these
trials, using St. Edward's School as his base. The plan was
to make ten machines of an improved specification, six of
which were to be fully tested in a variety of educational
situations. The modifications to the original design were
primarily those of display, based On experience gained in
the Oxford trial. The first prototype showed too much
information on the TV screen, some of which was
confusing to the user and some unnecessary. Modifications
were also made to the keyboard, making the operations of
loading and checking a program easier to handle. However,
the basic concept seemed satisfactory and so the
manufacture of the field trial machines was put in hand at
the Hursley laboratories.
The first prototype did not have the tape recorder
facility, which made the loading and checking of extracode
instructions a tedious chore, especially before lectures.
Several schoolboys were Willing to help in this respect, and
quickly gained an insight into the organisation of the
machine. Teaching material was prepared on duplicated
sheets and supported by a draft manual prepared by the
designer, D. M. Taub. It was clear, however, that a great
deal of work had yet to be done before suitable teaching
material could be prepared for general distribution. Only
once in the time that the machine was at St. Edward's
School did the computer stop functioning. This was caused
by a power-line fluctuation when the lights were switched
off after a school play. Apart from this incident the first
prototype gave no trouble and was often used for long runs
overnight.

3. THE
SECOND
PROTOTYPE
AND
ORGANISAnON OF THE TRIAL AREAS

THE

The deployment of the six machines was organised by
the director of field trials subject to the guidance of a
steering committee of leading educationalists. It was
decided to expose the machines in a wide variety of educational situations under the control of key teachers who had
had experience of the use of computers atschool level.
These teachers would each have a machine under their
control and were to be responsible for the day to day
running of the experiment. The areas served by each machine were chosen partly by the availability of experienced
key teachers and partly by their geographic proximity to
the director, based in Oxford. The work in individual areas
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was to be supervised by an adviser. who was a locally based
educationalist. Apart from one change in the Brightonarea,
the original team of key teachers and advisers were able to
mount the trials successfully when the six machines became
available in the summer, 1969.
The people concerned with the trials in each of the
areas were as follows:
Area
Adviser
Key teacher
Oxford
Mr.M.N.MolesworthMr. J. D. Tinsley
Cambridge
Mr. D. A. Quadling Mr. A. E. Lawrance
Sussex
Dr. A. Weir
Mr. J. Sheriff
London
Dr. G. Matthews
-Group I
Mr. M. I. Jones
- Group 2
Mrs. P. Starr
Exeter
Mr. A. B. Bolt
Mr. M. E. Wardle
Apart from the general use of the machine in two or three
schools, each area had a specific responsibility. The Oxford
machine was ready for use in May 1969, and so materials
were pre-tested on this machine before distribution to other
areas. In Cambridge, there was an emphasis on the training
of teachers, and in Exeter, the Technical College had
expressed an interest in experiments with their Computer
Science COurse. Sussex University, under Dr. A. Craven.
were to experiment with the machine as a teaching aid for
their M. Sc. Mathematics course. In the London area two
machines were placed: one to be used exclusively by girls
and the other as a comparison between the use of a small
machine and an on-line terminal.
Training courses were held by the director at Hursley
.for the key teachers who in turn held courses for their own
area teachers. Some of the key teachers had previously
collaborated in the preparation of a book, Tinsley et al.
(1969), which was an attempt to relate the computer to
school mathematics courses, especially in the age range
13-16 years. This book, together with Taub et al. (1969)
and further duplicated material. formed the basis of the
publications used in the areas for the trials.
4. THE OXFORD AREA PRE-TRIAL OF THE SECOND
PROTOTYPE
From 5th May until 5th July, 1969, the IBM Schools
Computer ran for an average of 80 hours per week and
fulfilled the complete programme of work as planned at the
beginning of the term. In addition to regular usc in the
Oxford area schools, the machine visited schools in the
surrounding districts. The computer proved to be completely reliable under severe conditions of movement, and
showed that the machine could be shared between several
schools with complete confidence. On arrival at a particular
establislunent the equipment took approximately 10
minutes to set up and be fully operational. Outside the
secondary school system, the machine was used regularly
by the Oxford University Institute of Education and by
university undergraduates. Occasional use was made of the
machine by a junior school, and successful work was
attempted by 8-13 year aids. During the first nine weeks of
use, the machine was used for over 700 hours and was seen
by in excess of 1,000 people, at least half of whom were
able to handle the machine and to run a program
successfully. After the 5th July, the machine was used at a
Department of Education and Science course at Hull
University and at the School Mathematics Project A-level
Conference. At both these courses, the Director gave
lectures and demonstrations and ran seminar groups for

teachers.
Bearing in mind the fact that the trials were of a
prototype rather than a final design the machines gave very
little trouble. Most of the difficulties were associated with
the use of a wide variety of peripheral devices. Some
television sets would not hold the picture and professional
advice had to be sought. Tape recorders often proved
troublesome and considerable time was taken before a
satisfactory record-playback system was developed. Mains
recorders were more reliable than battery, the latter being
prone to speed variation. Long play tape proved to have too
much stretch and so standard tape was used, often in the
form of a cassette. However, none of these problems should
occur in a finished design.
Compared with other machines, the most remarkable
feature is the ease with which a class can communicate with
the. computer. The television display and the simplicity of
the language enable a teacher to involve a class quickly with
either a problem in programming or with an investigation
using a prepared program. This 'interaction' opens up a
completely new field in computer education and enables
the mathematician to make his subject live for even the
leastable child.
Equally impressive was the fact that children of all ages
could be left with the machine unsupervised. On their own
or in small groups children were able to use the machine
effectively after only a short period of instruction
(approximately I hour). The machine proved to be a strong
motivating influence, and normally unenthusiastic children
showed keen interest beyond the work they were scheduled
to do.
Before teachers can feel happy with the machine, they
must be given plenty of time to try the machine out on
their own before facing a class. In addition to learning the
language and the equipment connections, they should
understand the concept of the extracode instructions. With
such knowledge. difficulties with the tape recording aspect
can be reduced: a few simple tests will show which of the
upper stores are incorrectly loaded.
The reception given to the machine was one of general
enthusiasm and excitement. Few people were willing to
suggest improvements to the design but most commented
on the elegance and simplicity of the system. Schoolchildren rapidly got down to the job of 'driving' the
machine, but were not as impressed by the design of the
machine as were the adults. After all, children are very
sophisticated in their scientific knowledge these days.
The design of the machine enables children to learn a
great deal about machine organisation as well as basic
programming. They quickly appreciate the use of a binary
coded decimal system, and are able to bridge the gap that
exists between the desk calculating machine and the
modern computing system. Comments received from
hardened computer men show that all those involved with
computers could benefit from time spent with this type of
machine. Modern systems have an air of 'mystery'
Surrounding them even if one can successfully use them
through the medium of a high level language. Work at the
Schools Computer level gives programmers a much greater
understanding of their work, and creates an awareness of
the simplicity and elegance that can exist in programming
Work.
The three-address codes can be changed to illustrate the
different structure of high level languages, for example the
branch instructions of Algol and Fortran. Many of the boys

at St. Edward's were capable of writing new extracode
routines for doing a particular job. One of the most useful
has proved to be a fast square root:
74cdefgh
which implies 'if (ef) ;;. 0 then (cd) -r-J (ef) else go to gh'.
Programs have been developed to analyse questionnaires, to collate, process and scale examination marks. to
calculate income tax, to compute electricity accounts for a
town, to play games such as noughts and crosses - all of
which have proved that this small computer can deal
effectively with complex computing problems which have
in the past been associated with larger systems.
5. THE MAIN TRIALS, 1969-70
The main trials started with the news that IBM had
decided not to market the machine, but that efforts were
being made to ensure that the research work should
continue and that the benefits of the trials be made
available to as many people as possible.
In the Oxford area, work quickly settled down to a
routine, and the benefits of the pre-trial were soon
apparent. Teachers incorporated the machine into their
normal lessons and started to do some very stimulating
work. The machine was shared on a day by day basis. which
proved workable because of the close proximity of the
establishments involved. At St. Edward's School. courses
had been planned to last for 2 periods a week for the whole
year, and so strict adherence to a fixed rota was essential.
In other areas, key teachers decided to use the machines
for about two weeks at a time. This was partly due to the
difficulties of transport in bad traffic conditions and partly
because teachers wished to have more time to familiarise
themselves with the machine. It seeIllS necessary, however,
in a situation where equipment is shared between schools.
to have someone who has enough time available to help
with the transport arrangements and to check that the rota
is working correctly.
The trial machines were too heavy for a lady to carry
and so girls schools found difficulty in making the
necessary transport arrangements. This meant that the
machines did not have the full mobility expected of them
but this can easily be remedied in any future models. The
tape recorder proved to be an essential item of equipment.
especially if the machine had been used by children who
were investigating the workings of the extracode instructions. Some very interesting modifications of these codes
were implemented by the brighter children. including
multilength procedures and a simulator for the language of
BASIC. Research projects in number theory were undertaken by children, which sometimes led to long runs on the
-cornputer, often overnight. It proved quite safe to leave the
machine running for an ex tended period but the TV
brightness control was turned down to prevent damage to
the screen. Programs were developed to help choose teams
for school games. analyse the results of sporting fixtures
and. to compose music. One boy undertook a big program
of statistical analysis for the Oxford Department of
Educational Studies.
Where allowed to do so, children took responsibility for
booking and supervising the use of the computer during out
of school times. This proved very successful, but strict
discipline was necessary to prevent a queue developing. The
real enthusiasts tended to monopolise the machine and had
to be encouraged to spend more time on program
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preparation than on running and checking. In many schools
these enthusiasts were employed as teachers and acted as
program advisers. Most of the classroom use of the machine
was in the field of mathematics, usually as part of a modem
mathematics course. In addition to this work, however,
courses were developed in the field of general computer
studies.
Machine breakdowns were few, but proved very
annoying when they occurred, and meant the return of a
machine to a London workshop. In one case, the
enthusiasm which had been built up with a particular group
of girls was undermined, if not lost, when the machine had
to go in for service. A particularly tiresome fault was local
to one machine and has not yet been traced. The TV
output did not appear until after the computer had been
switched on for about 10 minutes. Some difficulties were
experienced when the tape recorder output was swamped
by excessive noise. This fault was remedied by an exchange
of circuit cards. Apart from these problems the machines
have proved to be very reliable. One machine was dropped
by an over enthusiastic helper, but the damage was mainly
confined to the outer case.
A comparison between the desk-top computer and the
on-line terminal would be premature at this stage, but
experiments at Highgate School in London show that if
both devices are freely available, the children divide their
time equally between the two. They have tended to use thedesk-top machine for number work and the link for data
processing.
Often when using a link, children may ask for, and get (at
great expense), a long, tedious and unnecessary print-out.
The discipline associated with the TV output forces the
pupil to tailor his result requirements to the limits of the
machine. The desk-top machine instills a greater realisation
of what a computer actually does, and makes one more
appreciative of compiler facilities. However, this view is not
shared by some other teachers who find the numerical code
tedious and difficult to teach. A lot depends on the
background knowledge of the teachers and on their
acceptance of restrictions caused by the need to keep costs
dow".
In general, however, reports from teaehers and children
have been enthusiastic and show that the original concepts
behind the design of the machine were well founded.
6_ CONCLUSIONS AND RESEARCH FINDINGS
At the time of writing, the main trials have been in
operation for five months and it would be unwise to
prejudge conclusions which can only be drawn from the full
test period. However, certain observations can be made at
this stage, subject to modification after the trials have been
completed.
(a) In the hands of a skilled teacher, the machine can make
the subject of computer studies come alive and can
provide an unrivalled tool for the illustration of
mathematical concepts.
(b) In the hands of a teacher who has not had the
opportunity to become thoroughly familiar with the
concepts involved, the machine becomes a liability and
is likely to decrease, rather than increase, the general
knowledge of children about computers.
(c) In the hands of children the machine can be the means
through which they gain first hand experience of the
difficulties and successes which surround the use of a
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computing machine.
(d) For brighter children, this may be their first taste of
real research - experience so far shows that they find
such work deeply satisfying.
(e) As a demonstration tool the machine is without rival
except in highly sophisticated and expensive configurations.
(I) For the technically minded child, the concept and
organisation of the machine has a clarity and simplicity
for which the designers deserve full praise.
(g) Compared with an on-line access device, the machine
has more to offer than a terminal without video display
and yet less to offer than a machine used in a
conversational mode. However, recent experiments with
the prototype at St. Edward's School indicate that the
language level used in the trials was pitched too low,
and can be modified to illustrate most of the concepts
of a high level language without the expence of a
compiler program.
(h) As a machine for processing and storing data and
information the present research shows exciting
possibilities, especially if further developments, mentioned below, take place. The machine can be
successfully used to illustrate the concepts of data
capture, file creation, merging, interrogation and
updating. This work is best done as part of a carefully
planned programme of general computer studies.
(i) The machine has been tested in all types of educational
establishment and has proved of value in courses for all
age groups from Primary School to University.
However, further research along these lines is necessary
and could be very valuable.
The present author's major criticisms are as follows:
(a) The machine is too good for the ordinary teachers
without the support of extensive training and literature.
The trials were mounted without enough of either.
(b) The machine is not good for batch processing but this
could be remedied by a keyboard by-pass procedure
using mark-sensing equipment.
(c) The value of the machine as an information processor is
diminished by the lack of alphabetic characters.
(d) The trials have been unsuccessful in certain areas
because of diversification of effort and lack of
experience in managing an open-ended experiment. This
is evident in the reluctance of certain teachers to relax
their grip on the prescribed syllabus and working
schedules to allow free experiment to take place.
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Digit
Position

Significanl Digits

(a)

Assignment of digit positions in word

In Store
Digit
Position

As Displayed

6 8

4-3 7

(b) Example of data storage and display

Fig. 1.2

ob is the 2-digit operation code
cd, ef and gh 'are the three 2-digit addresses
Codes (for direct addressing)
cb

70
71
72
73
74
75
76
77
78
79

(cd) - (ef) + (gh)
(cd) _ (en - (gh)
{cd}- (en x (gh)
(cd) - (en.;- (gh)
Branch to cd iF (ef) ::: (gh)
Branch to cd if (ef) > (gh)
Branch to cd jf I (ef}I>I(gh)1
If (gh) ¢ 0 branch to cd and store link address in ef
Input to cdr display (ef) and (gh)
Display (cd}, (ef) end (gh)
Fig. 1.3
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Due to technical reasons the paper by B.J. Wilson, entitled
"Computer Education without Hardware" " also belonging
to the "Section Computer Education in Secondary Schools;
Teacher Training". is printed on page 463.
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I. INTRODUCTION
The purpose of this paper is to show how the people in
The Danish EDP Council have tried to solve the following
problem:
What could be done, when you need a lot of educated
people in all fields of EDP, and you cannot find much
money for purchase and translation (which is necessary) of
educational material? It may happen, although I do not
hope so, that some readers have the same problem, in which
case the following pages may be useful by giving some hints
for tackling the problem.
2 THE DANISH EDP COUNCIL
2.1 The Council was founded in 1967, by Danish business
and industrial organizations, in order to:
establish well defined criteria for courses
participate in carrying out approved examinations
provide and approve textbooks and other teaching
aids
participate in the efforts to train teachers
survey theoretical and technological developments
render services in relevant subjects
2.2 The organization comprises the Board of Representatives (elected by the member organizations), the
Executive Committee (appointed by the Board of
Representatives), five Working Committees and the
Secretariat. The Working Committees are:
The Teachers Training Committee
The Postgraduate Education Committee
The Apprentice Training Committee
The Textbook Committee
The Management Committee (started in late 1969)

2. A description of the work which should be
carried out by a person who has taken the
course.
3. A plan for the education, which includes:
Title of a person who has taken the course
(or a name of the course).
b The main goals of the course
c The conditions for participitation
d The main characteristics such as:
periods of education (lengths and number)
intervals
number of lessons
subjects to be taught
degree of ambition
e Description of curriculum
f Educational aids such as books, audiovisual
aids, case material, etc.
g Teachers
4. Rules for the development and testing of the
course.
It should be mentioned, that the description is due to
Mr. Werner Rasmussen, Chairman of the Teachers'
Training Committee.
3.2 Another result from this first period is the decision,
that the EDP Council itself should not offer courses
(apart from experimental courses, where the material,
etc., could be checked).
This decision has had the effect that people from many
companies, giving their own courses, have participated
in the EDP Councils work, instead of considering the
Council as a competitor.

4. THE FIRST RESULTS
2.3 The members of the Working Committees are, almost
all, professional EDP people. They work for the EDP
Council without being paid a single dime!
Some of them work hard, and all of them seem to enjoy
meeting and working together with people from other
companies.
3. THE BASIC WORK

3.1 DUring 1967 and 1968, the foundation for the work in
the EDP Council was created. Among the results
obtained, I feel the decision about the contents of a
course to be the most important
A description of a course must include:
I. An analysis of the work in the field where the
course should be given.

4.1 The Course in System Description
The idea of this course, which was developed primarily
by the Textbook Committee, is that many people without
any knowledge of EDP, mathematics, etc., must be involved
in EDP by means of an introductory course which has
almost nothing to do with EDP!
The course, the description of which follows the lines
of the plan~above mentioned, was developed during the
period November 1967·June 1968. A few words should be
said about the material which consist of a textbook (326
pages), a teachers manual problems with solutions and
audio-visual aids. This material, which has been printed in
more than 11,000 copies in Danish, are now available in
Swedish and in English. The structure of the course is as
follows:
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Finally I would remark that the material etc., has been
produced at a total price of D. kr. 20,000 (the authors are
mainly paid by royalties).
4.2 During the abovementioned period the Postgraduate
Education Committee worked out a report; The structure of EDP-postgraduate education, and the Teachers
Training Committee wrote a report named A proposal
of an EDP consultant education. Finally, the Apprentice Training Committee worked out a third report: A
plan for education of programmers and systemsanalysts
part l/programmers.
4.3 The two first mentioned reports have been widely used
for planning purposes, and the third report is actually
used for a one-year programmers' education course.
5. THE COURSE IN SYSTEMS CONSTRUCTION
5.1 In the spring 1969, the Postgraduate Education Committee was ready with the first plan for a course in
systems construction. During May and June 1969, the
Committee and I had a lot of discussions about this
plan and some working papers of mine concerning the
structure and the subjects of such a course.
As a result of these discussions the EDP Council
decided to seek money from a Danish foundation in
order to hire people for the project, the budget of
which is about D. kr. 330,000.
5.2 An idea of this course (which expresses an old wish of
mine) is that management and systems constructors
should be educated together.
Hence, a goal of the course may be expressed as
follows people with 2 or 3 years' experience in EDP
should be taught how to construct EDP-systems and, at
the same time, their managers should be taught how to
control the systems.
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Among the rules for participating in the course, we
included that a manager must promise to take part in
the feasibility study and the systems design in the three
periods of practice.
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5.3 The work with the development of the course started in
December 1969, when the project group began to study
a great number of books, materials from other COurses
in systems construction, etc. In February 1970, the
main subjects to be taught were chosen. In March, two
small groups of people, who are ready to criticise the
material developed by the project group, were settled.
The members of these groups should furthermore be
willing and able to give lectures during the course and
last, but not ieast, they should also be ready to
participate in the work with the managers during the
periods of practice.
5.4 In order to control the project, I decided to write "A
Plan for the Course". This small booklet describes the
course aiong the lines mentioned in point 3.1.
The main part of the book consists of a page or two
about each lecture in the course. Appendix A contains
the names of the 28 lectures. Following the list, Some
examples of the subjects taught in the lectures are
given.
In order to evaluate the course, the reader should know
the conditions for entering the course.
6. EXPERIENCE AND KNOWLEDGE

It is presumed
concerning:

that participants have experience
.

6.1 Programming including test of programmers, work WIth
error detection, corrections in programmes and docu-

mentation of programmes.
6.2 Computers and Other Equipment including generaily
used backing stores, punching and other reading
equipment, plus lineprinters. Furthermore, it is assumed
that the participants have a knowledge of common
office machines, among these, with paper tape
aggregates.
6.3 Practical Datamatics including knowledge of a pan of
the EDP-tasks occurring in practice and the solutions of
the tasks (standard salary, etc.)
6.4 Organizing Problems including knowledge of the
difficulties in organizing and administrating the cooperation between different groups of persons, plus
knowledge of the common organizing ideas (for
example, planning and budgeting).
7. ATTITUDE
It is presumed that the attitude of the participants is
based on the following:
7.1 The course has the goal that the participants get a
systematic instruction in construction work concerning
systems to a restricted extent.
. .
7.2 The course has not got the goal of educating specialists,
time-sharing specialists or specialists in operation
analysis, etc.
7.3 The course material is under development.
7.4 Neither the teachers nor the members of the group
which has worked out the material are speciahsts.
7 5 The benefit of the course will highly depend on the
. participant's own performance during and after the
course.

With this I have come to the conclusion that the
participant must have the attitude that, during an energetic

effort together with people on the same standing, he will be
able to contribute to systems construction - without being
a systems specialist.
8. THE MANAGER'S ATTITUDE AND CO-OPERAnON
One of the ideas behind the course it that managers on
the application side and the system people have to work
together. This idea has resulted in the goal of the course,
that a manager from each company who wants one of his
coIleagues to participate, has to take part in the course
himself.
Therefore the manager in question must prepare himself
for participating in planning and control in connection with
the practical work. The extent of this work can roughly be
estimated at about 10 half days (J 0 X 3 hours) during the
period of a course.
Furthermore, the manager must be aware that his
coIleague is participating in a 16 week course, and to
understand in this way that only in a minimal extent the
coIleague will be able to take part in his usual work during
the period of the course.
9. A MODULAR SET OF
WORK
The outline shown below
continuous course structure:

Continuing
Coun.e~

Plogrnnming
I

Systems

COURSES IN SYSTEMS

shows how I imagine a

More advanced
Course.

9.8 The continuing courses ought to be of the same length
as the basic courses. There ought to be quite a lot of
practice during these courses - and between the basic
and continuing courses.
9.9 The systems constructor course should not be attended
until after another practice period.
9.1OoThe work with the planning of the special courses is
still only in the preparatory stage.

10_ FINAL REMARKS
10.1 The co-operation with the official educational institutions:
The task of the EDP Council is, as mentioned in the
introduction, to develop courses for coIlaborators in
economic life. However, it has proved that the EDP
Council's material has gained access to the public
schools within commercial education, which has
caused the co-operation between the different institutions in Denmark and the EDP-Council to become
more strongly developed.
10.2 Finally, I shall underline that I have only mentioned
part of the activities that are in "fuIl swing" in the
EDP-Council and that these are only a moderate part
of what is happening in Denmark. The educational
institutions in the country and service offices and
others are, of course, strongly engaged in developing
the course material both within the field administrative data processing and within other parts of the
field.

Special

Courses

ProgJamming

2
D~I=:Llics

Dc§criplion
InuoducfionlO

Syslem

Adlllinislr~lion

Elements

Systems
Construction

To bo planned

duringl9?O

Remarks
9.1 It is noted, concerning the programming courses, that
the mentioned report worked out by the Apprentice
Training Committee of the EDP Council, contains
material which will make it simple to further develop
the two courses.
9.2 Systems Description is mentioned earlier (Chapter 4).
9.3 Introduction to Administration: Such a course is still
not planned. As there are, however, lots of young
people who are employed as programmers o.r operators
without having the slightest idea of what is taken place
in a company, such a course would surely be useful.
9.4 Thoe three basic courses ought to be able to be taken in
any order.
9.5 Each of the basic courses ought to be of 2-3 months'
duration - from these, for example, 3-4 weeks
concentrated instruction.
9.6 Datamatics: This course surely could be worked out on
the b~sis of the work which has been carried out by the
Apprentice Training Committee and which is described
in a report to be published during 1970.
9.7 System elements: This course ought to be arranged in a
way so that the. participants will become system.
assistants, i.e., people who can assist the system
constructors.
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APPENDIX A
PlAN FORTIlECOURSE:
Table of Contents
1 Introduction to the Course
2 The Background of the Participants
3. Problems in connection with Construction of Data Processing
Systems
4. Summary of the System Constructor's Work
5. The Results of the System Constructors Work
6. Planning Methods
7. The Work with the Planning
8. The Preliminary Investigation
9. The Work during the Preliminary Investigation
10. Practice Period 1
11. Task Formulation
12. The Computer and other Aids
13. The EDP Organization
14. The Staff Plan and Cost BUdgets
15. System Proposals
16. Practice Period 2
17. Register Construction and Use
18. The Entry Side
19. The Exit Side
20. The Manual Work
21. Preparation of Programs
22. Practice Period 3
23. Summary of Systems Evaluation
24. Criteria for Choice of Computer, Operating System and Programmes
25. Rules for Test of Systems
26. Application Guidance
27. The EDP-Manual (The Final Report)
28. Orientation about OR-methods
1. Introduction to the Course
1.1 Introduction
1.2 The EDp..council's Project
1.3 Work with the Project in 1969
1.4 Plans for the work 1970/71
1.5 Final Remarks
2. The Background of the Participants
2.1 Introduction
2.2 Abstracts of earlier notes
2.3 Experience and knowledge
2.4 Attitude
2.5 The Manager's attitude and Co-operation
2.6 Special circumstances concerning the expcrlmental courses
3. Problems in connection with Construction of Data Processing
Systems
3.1 Introduction
3.2 The Company and the community
3.3 Persons inside and outside the Company
3,4 Economic control
3.5 The carrying system
3.6 The Data Processing tasks in general
3.7 Methods from various special fields
4. Summary of the Systems Constructor's Work
4.1 Introduction
4.2 The main phases in systems work
4.3 The system constructor's working field
4,4 The system constructor's instructing tasks
4.5 The system constructor's other tasks
5. The Results of the System Constructor's Work
5.1 Introduction
5.2 Report concerning the preliminary investigation
5.3 Report concerning the system proposals
5,4 Report concerning programming basis and the manual
part of the system
5.5 Application guidance and EDP-manual
6. Planning Methods
6.1 Introduction
6.2 Planning problematic and - methodology
6.3 Planning of time
6.4 Planning of resources
6.5 Planning of costs
6.6 TIle computer's part in the planning
6.7 Control problems
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7. The work with the Planning
7.1 Introduction
7.2 Standard plans for systems construction
7.3 The manager's part
7.4 The leader of the project's part
8. The Preliminary Investigation
8.1 Introduction
8.2 The basis for the preliminary investigation (the stage of
ideas)
8.3 The company and the surroundings
8.4 The object of the company, organization, etc.
8.5 The company's data processing tasks
8.6 Choice and demarcation of single tasks
8.7 The consideration with people and resource
9. The Work during the Preliminary Investigation
9.1 Introduction
9.2 Appoin tment of control group and project group
9.3 Directions to the project group
9.4 The work in the project group
9.5 The project group's report
9.6 The work in the control group with judgment of the
report
10. Practice Period 1
10.1 Introduction
10.2 Introduction to the participants
10.3 Introduction to the leaders
10,4 Introduction to the teacher
10.5 Demand on the report
10.6 Treatment of the report

APPENDIX B
The following 16 rules which express the author's point of
view are brought with the hope that they will some day be generally
accepted:
Rules for a System Analyst
I. You must always do your work with computers with
consideration towards human beings.
2. You must help the user to formulate his problem.
3. You must describe the problem in the user's language.
4. You must explain to the user that an EDP system is much
more than a computer - that it might change the conditions
under which he works, and also his environment.
5. During the work with system proposals, you must apply for
assistance both to the user and other system analysts you
cannot do much by yourself.
6. You must work out your system proposals in the user's
language.
7. You must tell the user about the consequences of following
your proposals.
8. During the work with the programming basis, you must think
of the programmers - they may easily get the blame for your
bad work.
9. If you are programming yourself, you must show consideration
towards the programmers who will maintain your programmes.
10. When you are writing working instructions for users, operators
and others, you must write in such a way that the instructions
are easy to follow.
II. You must test the whole system and you must not blame
others if it] is amiss.
12. When the system apparently works, the reason is not that your
system is correct, only that it takes time before the defects
appear.
13. You must work out a user guide and an EDP-manual. both in a
language which is understandable to the reader.
14. You must make sure that all the persons involved understand
your guide and manual.
15. If your system forces people instead of helping them, you are
not a good systems analyst.
16. You may become a decent systems analyst - but you will
never be good enough.
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I. THE NATIONAL COMPUTING CENTRE LIMITED
The National Computing Centre Limited was set up in
June 1966 by the Ministry of Technology as a partnership
between Government and Industry. Its terms of reference
arc "to further the use of computers in the United
Kingdom" and, in the first three years or so of operation,
work has been undertaken in many fields.
A proportion of the Centre's annual budget is provided
by the Government; the remainder comes from income
earned by various products and services, and from
membership subscriptions. Over 450 organisations are
members; and they include computer users, manufacturers,
consultants, universities etc. The Centre's staff number
some 180 in total, mainly working at the headquarters in
Manchester; five small regional offices provide local contact
with members.
One of the main areas of activity at the Centre is that of
DP Methods and Education; over 30 people are working in
this field with projects classified under the main headings of
Professional, Management and Schools.

2. SYSTEMS TRAINING
2.1 The Concept
As soon as the Centre was set up, it was realised that
one of the most important problems to be tackled in the
Professional sector was that of Training for Systems
Analysts. In the middle of 1966 it was estimated that more
than 20.000 additional analysts would be needed in the UK
by the early 70s, and more recent figures show that the
requirement could be nearer 30.000.
Accordingly, NCC set up a nationally-based Working
Party comprising representatives of manufacturers, computer users, consultants, technical colleges, the Ministry of
Education and others. In well under a year's concentrated
work, full recommendations for a National Plan in Systems
Training were made in a Report dated June I967. Proposals
for the important Basic Training stage were put in hand in
parallel with the Report preparation.
The National Plan embraces five stages consisting of
three short periods of training away from the job, with two
intermediate periods of practical work or experience. The
scheme comprises ordered stages and durations as follows:
(I) Preliminary Course
Two weeks
(2) Experience
Three months (min)
(3) Basic Systems Analysis Course
Six weeks
(4) Experience
One-Two years
(5) Advanced Systems Course(s)
Several weeks
2.2BasicSystems
2.2.1 The Packaged Course
As already mentioned, work on the Basic Training stage

(felt to be the most urgent) was started before the June 67
Report was published. The Report was able to indicate that
a pilot course in Basic Systems Analysis had been run, and
that plans were in hand for production of a "packaged"
product for release to suitable agencies throughout the
United Kingdom.
The six-week course comprises 20 linked lecture
sessions, three case studies and a business game played at
the beginning of the course to "set the scene" for what
follows. The "package" as such includes a lecturer's guide
and notes for all the sessions, 226 visuals in both overhead
projector and 35 mm. slide form, 65 wall charts, magnetic
displays and 20 sets of student notes. Further sets of student notes arc available separately.
A policy of continuous updating applies, and several
sessions have already been re-drafted since-the package was
released. A major revision currently being dealt with is for
the inclusion of the NCC Systems Documentation
Standards released in the latter half of 1969.

2.2.2 Use ill the United Kingdom
By early 1970, there were 90 or so packages in use in
the United Kingdom, of which approximately 30 are in
Technical Colleges. The problem of suitable College
teachers has been a difficult one, and the Centre is now
proposing to run courses for systems teachers, and to
co-operate with the Education Ministry in the "accreditation" of teachers generally.
The other 60 package holders (computer users,
manufacturers, consultants etc.) have no difficulty in
finding teachers with a technical background; but there is
to some extent the converse problem of lack of teaching
experience.
We have found that industry is reluctant to release their
staff for colleges courses for a continuous six-week period,
and plans are now going ahead for the running of some
courses in two three-week modules. It is expected that the
material will, at some future date, be used for courses based
on evening work over a longer period; and some sessions are
likely to be redrafted for programmed learning techniques.
Such developments will substantially increase the number
of people who are trained with the basic material.
2.2.3 Certificate Award and Numbers
A Basic Certificate in Systems Analysis is awarded by
NCC to people who successfully complete the course. The
Examination is run with the co-operation of the British
Computer Society and comprises an assessment of course
performance, a written paper and an interview. An
important point to note is that the Certificate comprises
one of the awards approved by the United Kingdom
Co-ordinating Committee for Examinations in Computer
Studies.
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As at the end of March 1970. over 1.500 students have
taken the examination and some 1.200 have obtained a
pass. It is estimated that over 4.000 analysts have in all.
been trained with material developed for the course.

2.2.4 The OverseasPicture
The course has been made widely available outside the
United Kingdom' and over 60 packages have already been
distributed by the agents to NCC (ESL Bristol Ltd.) The list
of countries includes France, Germany, Holland, Denmark,
Finland, Switzerland, Portugal, Bulgaria, Rumania. Australia, New Zealand, Zambia, Egypt, South Africa, Hong
Kong. Chile, USA and Canada.

2.3 Preliminary Courses
Following the basic stage, two preliminary course
"packages" have been developed, each of two-weeks
duration (60 hours of classroom time). They are designed
to cater, respectively for the programmer with no business
training and the person with a commercial background but
with no experience of computers.
Titles of the courses are "Business Orientation" and
"The Fundamentals of EDP"_ Each includes a lecturer's
guide and notes, 43 visuals >n both overhead projector and
35 nun, slide form and 20 sets of student notes. Further
sets or student notes are available separately.
Abou t 30 of these products have been distributed in the
United Kingdom and Overseas.

2.4 Advanced Training
2.4.1 Course Modules and Availability
To complete the pattern of the three training stages
called for in the National Plan, work has been going on in
the last 18 months to produce a series of Course modules at
an Advanced Level. These will be undertaken one-two years
after the basic course, and cater for a range of needs.
The modules are as follows:
(I) Business Information Systems
2 weeks
I week
(2) Advanced Hardware & Software
I week
(3) On-Line Systems.
I week
(4) Systems Evaluation
I week
(5) Operation Research (for the SA)
Module (I) must be taken before any of modules (2) (5) and module (2) must be taken before (3) or (4)_ An
overall case study known as the "XYZ Company" links all
the courses.
Pilot courses for all modules have already been run, as at
the end of March 1970. We plan a major programme of
NCC courses covering all the modules and, if the demand
grows sufficiently, agents in both the private and public
sectors will be appointed to run courses under licence. NCC
would continue to monitor standards by approving teachers
etc. The courses may well be offered Overseas in a packaged
form, and a number of users of the basic systems package
are showing strong interest in this new higher-level training
material.

2.4.2 Certification
Provisional plans are being made for an NCC Certificate
in Advanced Systems Analysis, to be awarded by public
examination based on an overall syllabus. NCC advanced
course modules will cover portions of the syllabus, but he
certificate examination is not closely "geared" to the
advanced course(s) as is the case at the basic level.
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2.4.1 Further Developments
It is expected that a module in Systems Project
Leadership will be added at the Advanced Level by the end
or 1970. as a result of working party recommendations on

DP Management training described later. Other modules
may well be added as the scheme progresses. and several of
the" existing courses are capable of extension into more
detailed coverage: for example, the on-line module could
lead to a special further treatment for systems program.
mers.

2.5 Intermediate Systems
As a result of strong demand, a special four-week
residential course for people having already had some
systems experience is being run for NCe members only.
The material is at an intermediate standard between the
basic and advanced levels of the national plan, and it has
provided much useful material for development and
inclusion in the stages above and below it.
3_ DATA PROCESSING MANAGEMENT

3.1 An lnvestigation
In the second hall' or 1968, a start was made in
investigating the whole area of "The Management of
Computer. Based Data Processing". Using the well-tried
formula of a national working party, a major Report was
produced and presented, with recommendations, to the
Council of NCe: in February 1970.

3.2 Training Needs
One of the main issues dealt with in the Report is that
of training needs, and detailed proposals have been made
for a series of 1·2 week modules in applied DP management
conceived within all overall programme of general management. From a starting point of setting down complete
listings of the functions performed in the DP sector through the identification of typical job specifications outline syllabuses have been developed for the various
courses.
In addition to the needs of managers coming up through
the computer professional ranks, the requirement of people
coming into DP management from the general management
sector have also been covered. A separate training stream
has been outlined in this area.
The syllabus specifications highlight the absence of
well-proven methods and standards of professional practice
to teach. NCC intends to extend its methods work beyond
the two areas already being covered; viz, systems
documentation standards and systems analyst selection.

3.3 Ensuring the Demand
We have estimated that there are currently of the order
of 10.000 people in the United Kingdom in supervisory DP
posts, and that this number could double within 3-4 years.
Only a small proportion of people now in post have had
formal training in either applied DP or general management;
but there is a major problem in convincing them, and the
senior management to whom they report, that they are in
need of it.
NCC's efforts will be directed at co-operation with the
professional management institutions to establish wide
national support for a programme of courses and it is
expected that - in line with NCC policy already expressed
earlier in section 2.4.1 - agents will be involved in
presentation work as the expected demand builts up.

4. GENERAL MANAGEMENT'S REQU[REMENTS

4.1 Experience in the Engineering Industry
Practically all sectors of industry and commerce in the
United Kingdom now have Industrial Training Boards
designated to encourage training programmes for all levels
of staff and classes of job. A levy is exacted from each
company according to its size, and each Board effectively
makes levy refunds based on approved training schemes
organised or supported by that company.
The largest of these bodies, the Engineering Industry
Training Board, approached NCe to conduct a three-level
programme in computer aporeciation for management
comprising the following courses:
(I) For Chairman and Managing Directors
I day
(2) For Executive Directors
3 days 3 day
(3) For Senior Managers
5 days

The two longer courses are fully residential for no more
than 12 students, and include a measure of project work
including the use of an on-line terminal. The one-day
exercise is designed partly as a means of convincing
delegates that they should consider their senior people to
attend the longer courses and the whole approach is one
carefully aligned with the knowledge and understanding
appropriate to each level of seniority.

4.2 77,eNational Picture
It is notoriously difficult to persuade senior management to give their time to short courses of this nature, but
this programme has been remarkably well supported. By
mid 1970, nearly 500 directors and managers will have been
through the 40-50 three to five-day courses scheduled to
have been completed by that time.
The next step is seen as the wider use of the training
material among other Training Boards with the case study
portion re-developed for the industry in question. It is
expected that a number of agencies will be involved in
course presentation, but there is likely to bea practical
constraint on national facilities in view of the shortage of
competent management teachers.
4.3 The "In-House" Trend
A strong trend now noticeable in the USA (and
reflected in the UK also) is in the move towards "in-house"

training for management, and NCC is already planning to
offer material to its member organisations for the setting up
of their own domestic programmes.
5. THE SCHOOLS SECTOR

5.1 An Appreciation Course
A course of study developed by NCC under the heading
of "The Computer, and its impact on Business and Society"
is being "piloted" in 12 secondary schools in the academic
year 1969/70, and some 700 pupils will have been exposed
to the material.
Many other schools will make a start in September
1970, and the course is now gaining wide acceptance as a
general basis of study for all pupils in their last two years,
whatever their special subjects. About 40 hours of
classroom time are involved, and computer facilities are
made available by encouraging local industry to provide
time for a particular school with which they form an

association.
A package concept has been adopted, and student notes
are available with the teachers items

5.2 Teacher Training
This is a problem now being handled, both for the
"in-service" and "pre-service sectors. It is worth noting that
the course can be taught by teachers of many different
subjects, and is not solely the province of the mathematician.
6. ASUMMARY
NCC, in association with other appropriate bodies, has
made progress in developing and disseminating basic
training and educational material for DP Professionals
Managers and School-children. [n all cases, the requirement;
have been established as a result of working party activity
based on national representation from a wide' range of
organisations.
It is not NCC's policy to become involved heavily in
course presentation, and when piloting work is complete
this function is largely handed onto agents drawn from the
private and public sectors. NCC does however retain a
residual role in monitoring standards, accrediting individual
teachers (in some cases), and providing courses and
updating facilities for teachers.
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I. THE PROBLEM

Certain problems which the American computer
industry faces today may become problems for the industry
in other countries, either very shortly or in the future. Of
particular strategic importance to the long range growth of
the industry in the U.S. is whether we will have adequate
human resources to continue our growth; in other words,
the danger that, as much as anything else, the growth of our
industry may be 'manpower limited.' The computer
industry is the fastest growing major industry in the United
States. However, there is statistical evidence that the
continued rapid growth of this industry may be limited by
shortages in three specific categories of manpower:
the shortage of engineers to design systems hardware
and software;
the shortage of technicians to maintain and service
equipment, and;
the shortage of programming and systems personnel.
However, the computer industry in the United States,
working with other sectors of industry, is taking definite
steps to try to remedy these manpower shortages before
they seriously inhibit the growth of the industry.
This paper will focus on the nature and range of these
efforts in hope that the American experience may prove
useful to the computer industry in other nations.
It is difficult for most Americans to believe that their
system of higher education is not meeting the requirements
of our technically advanced society. Education is America's
largest single organized enterprise. One out of four
Americans is involved full time in this enterprise.
Educational expenditures probably exceed sixty billion
dollars a year, excluding the opportunity costs of the
foregone salaries of students.
Americans take a particular pride in their system of
higher education which is the largest in the world, both in
terms of enrollment and expenditures. Higher education is
seen as the open-door to opportunity, the road to achieving
Thomas Jefferson's great dream of 'a democracy of
opportunity, and an aristocracy of achievement.' Traditionally Americans have believed in the ability of education
to solve their national problems. Education has been viewed
as the answer to such social problems as increased
opportunity for minorities, economic equality, and the
Arnericanzation of millions of immigrants. It is hardly an
exaggeration to call education the 'religion' of our secular
SOCiety.
The very success of our education system has tended to
obscure a subtle change in the type of talent required by a
society where the effects of science and technology are
increasingly pervasive. Professional and technical manpower
as a percent of the U.S. labor force has tripled since the

beginning of the century. However, by 1975 it is expected
to increase by yet another 50% to a total of 18% of the
labor force, according to the Bureau of Labor Statistics,
U.S. Department of Labor. What we may be seeing is the
transformation of American society into one where the
preponderance of its labor force is not merely white collar,
but, of necessity, professional and technical. This may be
the natural evolution of a society based on science and
technology.
The U.S. has gone further in this direction than most
Americans realize. The report of the Commission on
Human Resources and Higher Education, set up by the National Academy of Sciences, to be published shortly, points
ant that despite the size of our system of higher education
the U.S. is facing a crisis in the supply/demand relationship
of certain types of technical and professional manpower
which may grow increasingly serious in the years ahead.
One indicator of how far the U.S. has moved in this
direction is the statistics on job vacancies collected in 13
labor markets by the Bureau of Labor Statistics in 1965.
Although professional and technical comprised only 12.4%
of all jobs at that time, they accounted for 20.9% of all job
vacancies.
Partly because of the highly diverse nature of the U.S.
system of education, we have tended not to focus on the
specific professional and technical manpower needs of the
Nation. For years, there have been forecasts of a shortage
of engineers; very little has been done to successfully
remedy this situation in terms of education or manpower
policy. The seriousness of the shortage of engineers may
appear questionable in view of America's record of
engineering achievements. But the question must be asked,
'What have our achievements in engineering cost us - what
cost in inflated engineering salaries, what cost in other less
affluent sectors of the economy that suffer from a dirth of
engineering talent and, as a result, from a lag in efficient or
innovative design? '
There is also a very real cost to industry when it must
remedy professional and technical manpower deficits by
having to carry the professional and technical education of
new employees as well 'as having to train them for a specific
job, a cost most industry traditionally expects to bear.
The computer industry has the largest education
and training budget per dollar of sales of any major
industry in the U.S. The question we are now beginning to ask is how much of this overhead is devoted to
training for a specific job, a cost we expect to bear,
and how much is spent on professional and technical
education to remedy the educational deficits of our system
of higher education. Traditionally, we and our customers
have not expected to be able to hire persons trained in data
processing, despite the fact that accounting firms expect to
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be able to hire students educated at the graduate or
undergraduate level in accounting, while other businesses
expect to hire students educated in industrial engineering.
We are perhaps in a similar position to the accounting firms
which several decades back realized what it cost them to
remedy educational deficits. For use the cost to convert a
science or math major into a competent programmer can
cost anywhere from $15,000 to $25,000 per employee,
depending on the length of education needed to qualify
him to begin training for the specific job for which he was
hired; in other words, to remedy the educational deficit.
The supply/demand situation is even tighter in the area
of technicians. Here the average cost to educate a man to a
point where he can begin specific job training can run
anywhere from $8,000 to $12,000 per employee. However,
is it desirable to begin moving professional and technical
education into business and industry? To do so on a large
scale would move from the public to the private sector the
selection of students for professional and technical
education. It would certainly narrow the focus of
professional education. And it would discriminate against
small or low-profit firms and against money-short public
service firms in favor or larger or more profitable
corporations.
The desirable alternative to moving professional and.
technical education into industry is an improved system of
manpower forecasting and educational development to
meet the needs forecast. Americans give a great deal of lip
service to this idea. The Vocational Education Act of 1968
authorized up to $5 million a year for 'national, regional,
state and local studies and projections of manpower needs
for the use of guidance of Federal, State and local officials
and advisory councils charged with responsiblities under
this title.' However, partly because the mechanisms of
manpower and educational policy are so diverse in the U.S.,
policy makers generally have been unsuccessful in the task
of carving up the mountain into something manageable.
There is almost no systematic analysis of the output of
America's vast enterprise of education in terms of quality
and quantity, from the point of view of the Nation's
long-range needs, benefits, and optimum use of talent.
Aware of this lack and of its serious consequences,
American industry, and in particular the computer
industry, is pressing for a more searching study of the
processes by which our advanced society provides for its
manpower requirements and for remedial action to correct
anticipated educational or manpower deficits.
2. ONGOING PROGRAMS - TECHNICIANS
One of the least well known, but most serious,
manpower deficits facing American industry, and particularly the computer industry, is that of technicians, one or
two-year graduates of technical colleges. The growth of the
two-year college is the most recent chapter in the expansion
of American higher education. The technical education
route is probably the least well known career path offered
by Junior Colleges in the U.S.
As a result, the Bureau of Labor Statistics anticipates
manpower demands on the part of industry and government for the years 1968-74, of 474,000 technicians in the
area of drafting, physical and engineering sciences (the
disciplines of prime interest to the computer industry).
To meet this demand there will be a supply of educated
graduates of only 323,000 from technical schools, four-year
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colleges and military training. In other words, a deficit of
151,000, which industry must make up through its own
programs of education and training. If we assume that
industry can make up the man's educational deficit in one
year, or at a cost of about $10,000 per hire including
salary, the total cost to remedy this educational deficit may
well exceed $1 and 1/2 billion. This forecast as well as the
others in this paper, are based on the follOWing
assumptions: I)a continued high-level of economic growth;
2)a continuation of scientific and technological advances;
and, 3) further increases in the complexity of industrial
products and processes.
The projected technician shortage can impede the
growth and performance of the U.S. economy. LeRoy
Cornelson, Special Assistant to Dr. Grant Venn, Associate
U.S. Commissioner of Education, has proposed the
following thesis regarding the effect of the technician
shortage on the U.S. economy:
The gross national product, including economic expansion and the increased productivity of business and
industry utilizing the services of qualified technicians, is
being severely retarded by the shortage of such
technicians. The critical shortage limits the capability of
corporations to create new jobs, expand facilities, apply
advanced technological practices, and expand productivity.'
Today, despite the shortages of technicians, technical
institutes are only utilized to 60-70'7c capacity. Surveys
indicate that the reason technical institutes and colleges are
not filled is a lack of knowledge on the part of students,
teachers, counsellors and parents about the excellent career
opportunities open to graduates of two-year technical
colleges. In order to close this 'Information gap' a number
of American firms, led by the computer industry, joined
together under the auspices of the National Industrial
Conference Board, a non-partisan, non-profit association of
industrial firms dedicated to research and information
sharing. The NICB prepared a proposal to the Advertising
Council which each year in the U.S. conducts several
hundred million dollars in public service advertising on
themes such as, 'Support Your Red Cross,' 'Avoid Forest
Fires,' and other advertising campaigns of a public-service
nature. National media, such as magazines, newspapers,
radio, TV, etc. donate free exposure in their pages and
programs to Advertising Council campaigns.
The U.S. Office of Education joined in sponsoring the
proposal which was accepted. In the summer of 1969,
between 5 and 7 million dollars in free advertising was
dedicated to the theme 'How to Have A College Man's
Career Without Four Years of College.' The theme was
based on research which indicates that the average
technician. earns more in his lifetime than the average
college graduate in the U.S. Students, teachers, counsellors
and parents were urged to write for a booklet which
described '25 Technical Careers You Can Learn in Two
Years or Less.' A number of the careers described are in the
computer industry. Within two months over half a million
copies of the booklet were requested, a much larger figure
than anticipated. In the Fall of 1969, technical institutes
reported appreciable increases in their enrollment. This is
one example of what industry can do working together in
the public interest, which no single firm or industry could
do on its own, except at a great cost. This amount of
advertising in one season is far more than a finn such as
IBM will do in a comparable period for all its division and
subsidiaries.

Another example of the computer industry, education
and the U.S. Office of Education working together to
achieve a common goal is the case of the Technical
Education Consortium. The success of the Consortium in
developing and propagating the Electromechanical Curriculum with applications taught on computers, has been
significant enough that a number of other nations are
currently considering similar programs.
The Technical Education Consortium was founded in
1965 at the request of the computer industry. At that time
it comprised six leading technical institutes and colleges. It
has since grown to include 17 colleges. A consortium is a
non-profit, legal entity which educational institutions in the
U.S. can set up for a specific purpose with very little
difficulty.
For a number of years prior to 1965 the computer
industry had found that it could only hire electronic or
mechanical technicians to service and maintain its equipment. However, since between 80 and 90% of malfunctions
are of an electromechanical nature, the industry had to
further educate the electronic graduate on the mechanical
side; and a mechanical graduate on the electronic side. In
addition, neither were trained in computer applications.
However, the computer industry was rapidly becoming the
largest recruiter of electronic technicians in the U.S.
In. response to our articulation of the need for a
cross-discipline in Electromechanical Technology taught
through compu ter applications, six leading technical
colleges joined together to form the Technical Education
Consortium. Computer, as well as other business machine
manufacturers, supported the Consortium through funding,
training their instructors, and providing full computer
systems as well as mechanisms and assemblies for lab
training purpose. In response to this clear delineation of
industry needs, the Consortium did an outstanding job in
recruiting students and developing a cross-disciplinary
curriculum. Two years later, when the first class graduated,
eleven of the graduates were available for hire (eight of
them went on to four-year colleges). 39 corporations
competed to hire the eleven available graduates. The list of
39 included America's largest and most prestigious
corporations in fields such as aircraft, communications,
process control, as well as computers and business
machines.
The U.S. Office of Education, which in 1965 supported
the Consortium with a grant of approximately $100,000,
continues to support the propagation of the curriculum
through funding summer institutes to train teachers for the
curriculum. The computer industry has increased its
equipment support for the curriculum by making available
complete computer systems (specially modified to serve as
lab equipment) to those technical colleges which develop
the most outstanding curriculum proposals in the opinion
of three independentjudges selected for their leadership in
technical education. By the Summer of 1969, 63 technical
colleges offered Electromechanical Curricula. We anticipate
that the program will expand even more rapidly in the
future so that by 1972 a majority of technical colleges in
the U.S. will be teaching the Electromechanical Curriculum.
However, the demand for graduates with electromechanical skills is so great that there is some question whether
the technical colleges can meet it. To meet this challenge
the Technical Education Consortium is currently working
with the Business Equipment Manufacturers Association,
the trade association in the U.S. of the computer and

business machine manufacturers, to propagate a 10th, II th
and 12th grade pre-technical curriculum which uses
problems in electromechanical technology for lab work.
This would not be a vocational but a technical curriculum
in the high schools. Upon graduation, the student could
either continue his education at a technical college or enter
industry and be trained for a specific job. In view of the
fact that only 20% of American youth 18 to 24 graduate
from college, there is clearly a need for new programs to
better prepare those in the mid-range of ability, particularly
with mechanical or technical ability, but perhaps low verbal
and theoretical ability for promising post-high school
careers in either technical colleges or business. The highschool pre-technical curriculum will aim at this particular
group which currently is offered a general high school curriculum that prepares them for neither work or college.
3. COMPUTER PROGRAMMING & SYSTEMS PERSONNEL
IBM's best, although admittedly somewhat imprecise,
estimates are that the following numbers of people will be
required in information processing jobs in the U.S.

1961

1967

1975

Opera tors of Compu ter Consoles,
Tabulating Equipment, Key
Punches, etc.
60,000 125,000 450,000
Managers, Programmers and
180,000375,000 1,350,000
Systems Analysts
Total
240,000 500,000 1,800,000
In order to achieve this level of employment, and to
allow for natural attrition due to promotion, retirement,
and movement to other jobs, IBM estimates that 1,965,000
new people must be employed or transferred into the
computer career field between 1969 and 1975. This is
approximately 15% of the total increase in the white-collar
labor force anticipated during that period. I should warn
you that in the past our growth estimates for the industry
have tended to be conservative.
For the sake of comparison, here are the estimates of
the number of people who will be in other major
professional areas in 1975:
1975
Lawyers
300,000
Scientists
650,000
Engineers
1,400,000
Even if there are significant errors in these projections,
it appears that the computer field will offer more
professional opportunities than any other career field in the
U.S. during the next six years.
In the year 1975 alone, IBM estimates a need for
319,000 new systems and programming people plus
106,000 operators, a total of 425,000 for both growth and
to replace attrition. However. one study estimates that
American colleges, high schools, and private business
schools will graduate only 88,000 in the programming and
systems area in 1975. This means that unless new action is
taken industry must make up the deficit by educating
230,000 systems and programming people.
Fortunately two-year colleges, high-school, and private
business schools in the U.S. have a large number of
programs to train operators for the data processing
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industry. In the programming area, both junior colleges and
private business schools have stepped up to the challenge of
filling the growing need in programming education.
According to the American Association of Junior Colleges,
data processing and programming cducation is the most
rapidly expanding occupational area in two-year college
education.
Unfortunately, the greatest unmet manpower need is in
the area of systems analysis where remedying the
educational deficit is the most time-consuming and
expensive. A majority of business systems analysts should
know both management and computer systems; others
should .add to this an understanding. of engineering.
According to a recent nationwide survey by the Southern
Regional Educational Board, only four American universities planned to have graduate programs in Business Data
Processing by 1968·69. Although support for education in
general has had a high priority in the data processing
industry, the magnitude of this challenge has resulted in a
special program to aid colleges in the development of
faculty and curricula in this area.

4. ENGINEERS
In the engineering area, forecasters have cried wolf so
long that people no longer tend to take seriously prophesies
of dire shortages.
The Presidential Commission on Technology, Automation,
and Economic Progress in its report 'The Outlook for
Technological Change in Employment' estimates projected
requirements for engineers 1966·75 at 637,000. To fill this
demand they forecast a supply of engineering graduates
ranging from 343,000 to 411,000. The Commission
estimated that 90,000 college graduates in other disciplines
would have to be retrained to enter engineering to make up
the deficit. What the total cost will be in retraining
non-engineering college graduates and in upgrading the
non-college graduates entering engineering no one has
estimated.
However, one indicator of manpower shortages is a relative rise in salaries. Following is the percent of increase in
salaries of high salaried" personnel between the 1950 and
1960 Censuses:

1950-60
Salaried Managers
Scientists
Engineers

110%
130%
210%

Increase
Increase
Increase

A more recent financial indicator of. the shortage of
engineers comes from the College Placement Council
Survey. The average starting salary for male bachelor degree
graduates in 1968 were as follows:
Majors in Marketing and Distribution $629
Majors in Physical Science and Math $728
Majors in Electrical Engineering
$774
While starting salaries for engineers have risen since
1950, the percentage of male college undergraduates
majoring in engineering has declined from 12% to 6-2/3% m
1967.
There are several ways to increase the number of
graduates with a B.S. in Engineering. One approach is
massive and straight forward: to increase the number of
students choosing engineering as a major. If the Advertising
Council program aimed at increasing enrollments in
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technical education is successful, there is a strong
possibility it will be followed in 1972 or 1973 by an Advertising Council program aimed at increasing enrollments
in engineering. In the meantime, the program aimed at increasing enrollments in technical education will benefit
engineering education. The chief source of transfers into
engineering are graduates of two-year A.A.S. degree
programs in Engineering, Electronics, Mechanical Technology, Eiectromechanical Technology, etc. Therefore as
technical education enrollments rise, so should the transfers
into four-year B.S. programs in Engineering.
The third, and perhaps least obvious, but most cost
effective approach to increasing the ou tput of engineers at
the B.S. level, is to cut the present high attrition rate which
averages somewhere between 55 and 66% of those who
began Engineering in their Freshman year.
A number of Engineering Schools have initiated programs
which have been quite successful in cutting their attrition
rate from around 60% to approximately 40%, thereby
increasing their output by 50%. These programs included
such devices as introducing an Engineering Design Course
during the freshman year (otherwise engineering majors
may not receive any engineering courses, until their jllni~r
year). Another approach which seems to be successful 111
reducing attrition is to offer the engineering major a choice
of more options, such as Engineering and Medicine,
Engineering and Law, Engineering and Computers, etc.
lncidentally, where these options are offered, Engineering
and Computers is far and away the most popular option.
IBM and other firms are currently working with the
American Society for Engineering Education to support a
systematic survey by ASEE to discover which attrition
reducing programs are the most successful and to propagate
them in all Engineering Colleges.
5. THE NEED
POLICY

TO

REORIENT

U.S.

MANPOWER

At present, the U.S. does not have a single consistent
manpower policy but rather a constellation of manpower
policies that have evolved in a largely 'ad hoc' fashion.
Some of our policies in the manpower area are
contradictory. Others have outlived their usefulness.
However, if the U.S. is to meet successfully the challenge of
the socalled Post-Industrial Era, a period when an ever
increasing percent of the labor force will be in professional
and technical categories, those acts which constitute either
through default or through active intent U.S. manpower
policy must be better oriented toward the needs of public
and private employers.
There have been attempts in the past to improve the
balance between supply and demand in professional and
technical manpower. In 1964 the Killian Committee was set
up in the National Academy of Sciences on the
recommendation of the President's Science Advisory
Committee. One result of the Killian Committee's work was
the establishment of a partially official, partially private
National Manpower Policy Task Force comprised of a
number of leading scholars in the manpower area. However,
rather than working with the Executive Office of the
President, this Task Force was delegated to work with the
Secretary of Labor who, within the Federal Government
does not have the direct responsibility for high level
manpower. As a result, the Task Force has not focused on
all the structural problems involved in the adjustment of
the U.S. labor force to scientific and technological advance.

Although the computer industry has a great deal to gain
from the specific programs described in the areas of
technicians, programming and systems personnel and
engineers, we believe the needs of our industry as well as all
sectors of industry can be best served by a more systematic
overall manpower policy in the U.S. As a step in that
direction a group of executives from leading American
firms and universities are organizing under the auspices of
NICB a Manpower Policy Institute whose general purpose is
to achieve a better balance between manpower supply and
demand in the U.S.
This Institute funded by private industry and the
foundations will focus on two general areas: research and
action.

On the research side the first task will be to analyze
available data to determine current and anticipated
manpower imbalances in the U.S. Where such data is
lacking, the Institute will either stimulate appropriate
research on the part of other organizations or actually
contract for the research to fill existing information gaps on
manpower supply and demand. The Institute will also
stimulate development or actually contract on its own
research to improve manpower forecasting techniques.
Once significant imbalances are detected, the Institute
will seek to determine the causes of the imbalance.
Although a great deal of research has been done in the U.S.
on motivation and career choice, there has been little effort
to systematically link this research with action in areas
where manpower deficits exist, such as Engineering and
Technical Education.
We hope the most significant phase of the Institute's
operation will be to encourage action to prevent the
development of serious manpower imbalances. Information

on present or anticipated manpower imbalances will be
made available to parents, students, teachers and counsellors, since there is a strong possibility that forecasts of
manpower shortages have a self-correcting function if
widely disseminated.
Information on anticipated manpower imbalances will
also be made available to those in key policy posts. A major
goal of the Institute is to advocate that this information on
imbalances be taken into account in establishing priorities
for financial support of education and training at the
Federal, state and local level; in planning and programming
vocational, technical and professional education, teacher
training, and the construction of facilities; and in modifying
policies related to manpower such as Selective Service,
immigration quotas, government supported fellowships, etc.
This would be accomplished by direct contacts with
appropriate leaders as well as through programs designed to
mobilize the support of other groups and the public for the
Institute's position. In this connection it is hoped that the
Institute might be co-sponsored by organizations which
have a similar interest in improving our manpower policy
decision process, such as the Brookings Institution in
Washington.
The Institute will also assist in the development of new
relationships between business and vocational, technical
and professional institutions in various localities, in order to
provide information on the changing needs of the economy
and to apprise employers of the changing availabilities and
aspirations of the work force. The possibilities of
continuing education and upgrading will require particular
attention.
And finally, at the appropriate time, it is hoped the

Institute will urge the Office of the President of the United
States to consider establishing a Manpower Council headed
by a member of the White House Staff whose function
would be similar to the already established National
Security and Urban Affairs Councils. The Manpower
Council in the Executive Office of the President would aim
at systemitizing the dozens of educational and manpower
programs within the government to ensure that the overall
manpower needs of the U.S. are being met.
We are aware that a proposal for a Manpower Council in
the White House may be interpreted as an all too familiar
call to arms - 'We have a problem, let's up a Council in the
White House to solve it.' If the situation were less serious,
we would not recommend that such a step be taken.
However, our concern is that U.S. economy has taken such
a fundamental and accelerating shift toward a larger
number and percentage of well educated 'knowledge
workers' that unilateral programs by a single company,
industry or association are no longer adequate to address
the attendant problems.
A more systematic approach to occupational forecasting on a national basis would, of course, be invaluable
to vocational and technical education which at present
must foresee occupational futures 'through a glass darkly.'
In fact, the entire educational community should benefit
from a system which so clearly links national growth and
welfare with the adequate development of our educational
system.
An additional by-product of an active, effective
Manpower Policy in the U.S. should be increased student
and parental interest. There is considerable research to
indicate that a more accurate reflection of occupational
needs in education will increase student interest.
For years student surveys have indicated a strong demand
for education that is occupationally as well as socially
relevant. Studies also indicate that occupational aspirations
are the chief reason American parents give for sending their
children to college.
There are those who may see in the programs outlined
here a massive attempt on the part of the Technostructure
to subvert the goals of American higher education to
occupational pursuits. Such an outlook shows a curious
lack of perspective on American historical trends. Harvard
University was founded as an occupational school for
ministers who needed to be able to understand and
interpret the Bible against the demands of the then
dominant Dogma.
One of the greatest advances in American higher
education, the Morrill Act in 1862 establishing the
Agricultural and Mechanical Colleges in the States, was
passed only after the secession of the aristocratic Southern
Congressmen who opposed the bill because of their
contempt for occupational education for the 'common
people.' It is another of History's ironies that opposition to
occupationally relevant education today comes form the
~~ D~tis!s of theNew .I;..eft.
It will be the task of the educational community in the
U.S. to make certain that no single segment of manpower
development is overemphasized to the ..detrime~t of another. It is imperative to keep the scope of learning broad
enough to encompass both liberal and occupational education for, as the American philsopher John Dewey perceived,
neither can be fully relevant without the other. Dewey
maintained there must be a lively interaction between technologny and purpose, between means and ends if a society
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is to remain dynamic. Albert Einstein has described this as
an age characterized-by 'an abundance of means and a
poverty of ends'. One way out of this modern dilemma is to
insure that students in our Schools of Technology and
Science are concerned with the overall purposes and goals
of the vast systems they will design and implement; and
that students in the Liberal Arts understand technology
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well enough to see where choices consonant with individual
goals and social purposes can be built into the new systems.

*

As defined by the Census: $7,500 or more a year in J950; and
$ t 0,000 or more in 1960.
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I.

MULTIDIMENSIONAL REQUESTS TO COMPUTER
EDUCATION - RESULTS OF A FUNCTIONAL
ANALYSIS

At the beginning of computer history, programming
was considered as the most important function in the area
of computer applications. Training of productive programmers seemed to be the essential prerequisite for utilization
of computer systems. With the second generation of
computers, the number of technical alternatives for solving
problems by computers increased considerably. There was a
need for specialists who were able to find the optimal
technical solution. The functions of these system analysts

and system planners primarily were machine-oriented. A
successful career as a programmer was the best recommendation for future work as a system analyst.
By the third generation computer capacity, speed and
problem solving capability of computers had been enlarged
to such a degree that all problems which could be analyzed
and formulated, could be also solved by computers. Now

there arc

110t

so manv difficulties in the realm of

hard\Vare/software~orjent~d system analysis. but it seems
difficult to recognize problems: to analyze thcm and to find
methods of solution 110t known Lip to thai moment.
Therefore new functions become important. for which new
types of specialists had to be trained and educated (2, 3,

18.20).

.

The problem analyst, information analyst, organization
analyst and O.R.-specialisl, belonging to these groups of

professionals. are primarily engaged in considering application problems (31): computer problems are of less
importance to them. Emphasis must be placed on the fact
that analysis is only the smaller part of their activities.
Their main function is to make suggestions for the synthesis
of computer-based information systems, which often are
very complex subsystems of larger organizations. The new
specialists happen to be engaged in different problem areas,
but they all strive for optimal utilization of computers in
solving their individual problems. The new specialists will
not replace the "classical" computer-specialists (e.g.,
programmers, system analysts, operators), but they will
supplement them. In' designing and implementing applications and the organizational environments for these
applications, the new specialists have to deliver the same
kind of creative work which has to be done in the area of
hardware/software system design and implementation (18).
Besides these effects resulting from the modified relation
"computer and problem", there are additional effects
originating in the changes of the "computer-user" -relationship. Within many user-organizations, the computerized
-part of the whole class of information processing tasks is so
large that computer systems strongly influence organiza-

tional structures (2,3). Thus the new specialists also have
the function to represent the needs of the human part of
the organization and to assure that there is a proper
coordination and integration of all system elements

(14,29).
The process of developing computer-based information
systems may be subdivided into three phases: (see figure I)
Phase I) Designing and implementing general subsystems
Phase 2) Specifying and configurating individual subsystems
Phase 3) Adapting and modifying individual subsystems
corresponding to changing environmental conditions.
tions.
Subsystems, i.e.. system components. are hardware
systems, software systems (operating systems), systems of

user programs, language systems, and information task
systems (problem systems)(27).
During the first phase of development of each
system-component computer manufacturers. software firms

or research institutes develop general subsystems which
may be incorporated into a large number of automated

information systems designed for special purposes.
First or all. a general concept of applications has to be
outlined which determines the information tasks in the
total system. These concepts summarize the information

processing tasks generally needed by certain groups of users
(15). In view or the necessary "computer languages"
generally applicable programming languages and communication languages are constructed during this first phase of
development. Also, during the first phase. general hardware
systems are developed which can later be used for tailoring
different configurations.
In the first phase, concepts of solutions for the
problems and information tasks must be found, otherwise
they could not be programmed in the second phase.
Finally, general operating systems are developed which
must be adaptable to the many different tasks and
hardware configurations.
The second phase, the specialization of individual
subsystems (see figure I) requires the integration of the
described system components. This in most cases is a

specific user function. The user is responsible for developing subsystems suitable to his specific aims. since these
subsystems must be later applied to llis needs. The separate,
though often simultaneous steps in development during this
second phase result in an automated information system
which is designed for the user's individual tasks.
The third phase consists of a series of development
processes which take place during the application of the
automated information system. In the five components
shown in figure 1 there remains enough flexibility even
after the configuration/specialization process. Through
further processes they can be adapted to temporary,
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changing organizational requirements. This adaptability
created an increase. in productivity of the sub-system along
with a higher efficiency of the total system. The
development of an optimal, automated information system
is only possible if the five components in the development
process coiIicide with one another.
Figure 2 contains all groups of functions relevant to the
development and usage of complex information systems
(18). The results of the analysis of the development process
are summarized in the first two groups of functions (I and
II) in figure 2. Besides these two groups there are four other
groups of functions, whose "functionaries" need computer
education:
Group lll: Distribution of information concerning the
development and application of information systems, i.e.,
teaching and consulting.
Those fulfilling these tasks, the teachers, instructors and
consultants, provide information and application suggestions to the developers of the information systems as well
as to the users. In many cases, this means not only a
communication function but also a stimulation for new
creativity. It becomes clear that, in order to achieve an
effective, many-sided education system, a highly-qualified
education for the teachers and consultants is of central
importance.
Group N: Decision making concerning the development
and application of computers in reference to information
systems and ensuring success of these decisions.
These tasks will generally be fulfilled by persons who
are neither computer specialists, problem-specialists nor
information specialists. Decisions, necessary before the
development of a comprehensive information system
begins, are involved. These are usually made by top-management, for instance, the question of available finances for
the future system, or the question of restructuring the
company organization caused by the installation of large
computers (17). Top-management can only successfully
carry out such decision-making if it has a basic computer
education, which should include knowledge of the
computer itself and the technical, economic and organizational consequences of its application.
Group V:Functions of operating and controlling com-.
puters, which are apart from the functions of development.
At the present time, the functions of manual operating and
external control of a computer system are so important
that they must be considered in a concept of computer
education. Besides operating, this would include production
scheduling and supervizing all information processes in
front of and within the computer system.
Group VI: Functions which concern the use of the
computer system, but do not themselves actively develop
the system or directly supervize it. These user functions are,
on one hand, carried out by specialists from other fields
(operations-research specialists, research specialists, designers etc.); on the other hand, by many experts in
construction and development of information systems.
Frequently the system used is not identical with the system
developed. An on-line connection between the computer
and the user is in no way a criterion of these user functions,
although it is expected that, in the future, the conveniences
of such a connection will be accessible to a growing number
of users (17). In figure 2, the results of the function
analysis are summarized, and systematized according to the
mentioned suggestions for computer education programs
below.
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Groups offunctions, which need computer education
figure 2 (see (18),

Group I: Developing

II

Development of general hardware systems

12

Development of general software systems (operating systems)

13

Developmentof g-eneral computer languages

I'

Development of general algorithms and methods of solution

IS

Development of general application concepts

Group II: ConfiguratingfSpecifying/lmplementing
II 1

Specification of individual information task systems

II 2

Implementation of individual systems of user programs

II 3

Specification of individual systems of computer languages

114

Configuration of individual software systems

1I 5

Configuration of individual hardware systems

GroupIll: Teaching, Consulting
lII.I

Teaching of all other functions

III 2

Consulting most of the other functions

Gro~IV: Decis~_n~_~~g

IV I

Decisions concerning individual systems

IV 2

Controlling and supervizlng decision success

~roup

v;~eratin~

V

Operating and controlling individual systems

Group VI: Using

----VI

Using individual systems for solving problems

2. CURRENT COMPUTER EDUCATION PROGRAMS
IN THE FEDERAL REPUBLIC OF GERMANY:
STRONG POINTS AND GAPS IN THE TOTAL
CONCEPT (18).
The present computer education program can be
divided into three levels:

2.1 LevelA
Courses of basic education (training), especially for
programming and operating the computer. Participants in

this course have generally completed a junior high school
education and several years of on-the-job training in fields
other than data processing. The length and quality of these
courses, as well as the qualifications of the graduates, vary
greatly. In general the graduates reach a satisfactory level of
achievement after one or two years' practice in data
processing.
A large number of different institutions offers these
training courses. Especially worth noting are the private
schools, EDP schools of professional societies of data
processing experts, trade unions, chambers of commerce
and job-training courses of the public employment agencies.
Also there are many courses given by the firms using
computers and by the firms producing them. A standardized course at this training level, with a state examination,
has been developed during the past year (I). This is given
partly· in the companies using computers and partly in
public schools (Berufsschulen). Of special interest in this
course, is the attempt to train the participants (for the most
part junior high school "graduates") within a three-year
program, which includes much practical training and
normal work achievement, to become highly qualified
experts. Many possibilities of advancement are open to
them. Whether the course corresponds to the qualitative
requirements of the practice, and, together with the other
programs, can cover the need for first-class experts, can
only be answered in a few years when a sufficient number
has completed the program.

2.2 Level B
Courses for advanced computer training, especially for
the fields of system analysis, problem analysis, and
programming. Two groups, with different pre-education,
participate in these courses, which last I 1/2 - 2 1/2 'years
(4).
Abiturienten (comparable to sophomores of American
colleges)
Haupt- and Realschul-j.graduates" (comparable to
junior high school graduates) if they have completed a
2-3 year apprenticeship.
The content and quality of the courses vary quite a bit.
The courses are conducted mostly by large user firms, by
scientific institutes and by some specialized computer
schools. Also the course of the "Hohere Fachschule"
(roughly comparable to American colleges) must be
included at this level of training. These schools offer either
a business-oriented course or an engineering-oriented
course, in which one can specialize in data-processing or
information processing.
All these courses at the second level of training aim at
training professionals. A direct transfer to a scientificallyoriented field of study at a university is only possible if the
graduate of a such training course starts from the beginning
of the university course, that is, repeats courses which he
has most likely already had. The West German education
system is only with limitations comparable to the American
and English systems. There is no degree to the German
system corresponding to the Bachelor's degree. The lowest
German academic degree, the "Diplom", corresponds
approximately to the Master's degree. The fields of study
leading to the Diplom in economic and social sciences are
strongly theoretical and academic. The fields of study in
the "Hohere Fachschule" are mainly practical although the
age of these students more closely corresponds to the
stUdents in American universities. It is. however, recogni-

zable, that the reform already begun in German education
system will lead to new structures. A new type of technical
college will replace the "Hohere Fachschule", and will have
closer contact with universities. With this new type of
.Fachhochschute" (= college) in mind, a commission of
computer education experts has developed a concept for
a study .Jnforrnattk an Fachhochschulen" (26).
This proposed program for State supported schools to a
certain extent compares to the undergraduate programs in
computer science at American universities and colleges but
mainly emphasizes the needs of computer application. This
program is designed primarily to train professionals. (see
'also Appendix [ for a modified reconstruction of the
program, generalized for purposes of international understanding). In addition, the participants of this program
would tentatively be able to continue their studies at the
university, aiming for a higher academic degree.
After finishing their studies, these professionals should
be able to do the work of system specialists. Depending on
the different emphasis in part B 4 of the program (see
appendix I) they will be able to solve application problems
in the business field, public administration, research or
education or they will become system programmers
engaged in the configuration and maintenance tasks for
individual hardware/software systems. Their qualifications
should be sufficient to complete autonomously complex
tasks, for which only drafts exist.

2.3 Level C
Courses for a highly qualified university education.
Until recently, the situation at this third level was similar to
that described at the second level. There were several
traditional courses of study, mainly in the fields of
economics and engineering, in which the students attended
some lectures on computer science, data processing,
operations research methods, and the use of computers in
organizations. With only this basic knowledge these
students could become neither computer nor problem
specialists. In fact only in actual job-training could those
interested receive the necessary scientific knowledge in
these fields. Here the computer manufacturers have done a
good job by offering highly qualified courses to their own
personnel and customers.
Since the beginning of 1970, German universities offer
a major field of study in "Informatik" (9, 12,21, 28). This
is very similar to the American graduate study of computer
science leading to a Master's degree, as described in
Curriculum 68 (6). This program has also the same
strengths and weaknesses as Curriculum 68, which have
been pointed out in some commentaries (8, 32). The fact
that there is now a program which educates academic
experts in computer science, badly needed for the
development of hardware/software systems, is certainly a
great advantage. The program however, emphasizes theoretical tendencies in computer science so that it might be
most suitable for educating those interested in academic
careers in computer science departments or careers in
computer science institutes.
There is the chance to choose a minor field of study
(for instance, economics, linguistics, physics, electrical
engineering or mathematics) in order to learn something
about a field related to computer science. This minor field
of study consists of the traditional courses and seminars.
The student has to design application-specific information
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systems and, in order to do this job, he has to integrate this
related field of study to his computer science knowledge. It
is probably too much to expect the student to achieve this
integration on his own.
It is doubtful whether these graduates will be suitable as
specialists in the development of individual application
systems. They must be capable of designing the organization-specific concepts for sub-systems, which the experts
educated at levels I and 2 can convert into real systems.
The German Federal government has set aside very
generous funds solely for the purpose of research projects

for the practice of computer applications, especially in
business firms, than 3 "discipline of designing and

distinguish between two classes of disciplines we want to
make use of:
3. I) Disciplines which help to understand the conditions,
behaviour, effectiveness and efficiency of information systems (scientific and theoretical knowledge on information
systems - briefly the "know why").
3.2) Disciplines which help to organize and do the practical
work which has to be done in order to design and to
implement new or modified information systems (knowledge and control of methods and procedures useful for
designing and implementing information systems - briefly
the "know how").
Both classes need substantial assistance by the quantitative
disciplines
(mathematics, statistics, and OR), which
represent a third set of basic disciplines we have to focus
on.
Figure 3 shows the relations between these various areas
of knowledge and the flow of information into the
reference discipline "managerial informatics". The basic
disciplines mentioned in figure 3 are relevant and very
important examples, but the enumeration is not exhaustive.
In order to do some substantial, practical work in the
information systems field one has to know something of
both classes of knowledge mentioned above. But the
relation between the "know why" and the "know how"
depends on the special role one is playing in that systems

implementing user-oriented computer-based information
systems" which unfortunately exists only in concept (29).
This concept at least attempts to see the computer and its

game. On one hand, we need specialists with a strong
scientific and theoretical background in the conceptual
phases of information systems development (and even more

user as equal system elements, and to develop real

in special research projects connected with these processes).
On the other hand, we should be able to employ in the
implementation phases specialists who are more methods
and procedures-oriented and less sophisticated in theoretical areas. That is the way scientists ("know why"
orientated) and engineers ("know how" orientated) are

in computer science to be carried out within the next five
years at some 12 to 15 universities. Besides intending to
force research in this field, these projects should provide an
overall view of computer science. The demarcation and

specialization of education programs, curricula and courses
follow parallel to the development of the research projects.
The initiators of this education program use the idea
.Jnforrnatik" instead of the German expression "Rechnerwissenschaft ", a direet translation of the idea "computer
science". The implied expression of information and
information user, that is, the semantic, pragmatic and
organizational problems are hardly accounted for in this
education program. The computer science has less meaning

man-computer systems.

In

the

following section, the

problem areas of this new integrated science will be
outlined. Appendix II contains the proposal for an
education program. which has been developed from the

ideas presented in section 3.

working together. The more basic your new information
3.

MANAGERIAL INFORMATICS· AN INTERDISCIPLINARY. APPROACH TO THE DESIGN AND IMPLEMENTATION OF INFORMATION SYSTEMS FOR
HIE MANAGEMENT OF ORGANIZATIONS

Information systems arc defined as man-computer
systems (3, 18,29). This leads to the conviction that we

need a new interdisciplinary approach to the design and
implementation of information systems for management.
These information systems are related to decision systems,
command and control systems and planning systems. The
new science should be able to combine the aspects of
computer technology of management-oriented information

analysis, information evaluation and information generation. Main problem areas of this new science are:
- analysis of the conditions and effects of real and
potential information systems
development of methods and techniques for engineering
and organizing information systems within changing

environments
selection of optimization criteria for engineering and
organizing activities
- development of methods and techniques for measuring
information needs.
The future body of knowledge in applied Informatics
(like Managerial Informatics e.g.) will consist of integrated
and coordinated parts of various disciplines related to the
mutual subject "Information systems design and imple-

mentation" in given environments. In a broad sense we can
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systems concept, the more "know why" you would have to
apply. But in any case we need a lot of specific "kno\\'

how". When things come down to a more or less routine
task, we need almost only "know how". Our education

system realizes that in general: We have academic programs
at universities in science and engineering on one side and
college programs (Fachhochschulen) on the other. Consequently, the concept of education at the college type
(appendix I) is more "know how" oriented, the concept for
education at the university level (appendix 2) more "know
why" oriented.
These are only propositions for solving the educational
aspect and related and necessary research in the infermation systems field. At this point, we just would like to
mention that research is needed not only at the level of
basic disciplines (see figure 3), but also for applied
disciplines (like managerial informatics). Knowledge of
various disciplines is not integrated by itself. Scientific
work is necessary in order to fit this knowledge from
different disciplines together and to produce system
specific knowledge, which we cannot deduce from
elsewhere.

ad 3.
3.1

APPENDIX I
CONCEPT OF A PROGRAM "INFORMATIKER AN FACHHOCHSClIULEN"126]
(Comparable 10 undergraduate programs in Informatics)

3.2

Volume: 150 semester hours (hours per week)
(12·14 weeks per semester)
6 semesters
Subject classification
semester percent
hours
45
30%

J. Mathematics
2.
3.
4.
5.
6.
7.

Computer Science
Information Processing tools
Application of the computer
Physics and Electronics
Basic knowledge of business and economics
Other subjects
Total

8
37

30
7
15

5%
25%
20%

3.3

5%
10%

8

5%

150

100%

The percentage of seminars, practical and laboratory sessions is
20·40%dcpending on the subject.

3.4

3.5
3.6

II. Course catalogue

ad 1.
1.1

1.2

Mathematics
Fundamentals (7 semester
- Basic mathematics
~ Number systems

hOUTS)

3.7

- Mathematicallogic
Analysis (9 semester hours)

- Infinite series
- Simple functions and their graphical representation
- Differential calculus and integral calculus of one and
several variables
- Ordinary differential equations
1.3
Algebra (7 semester hours)
Vector calculus
~ Systems of linear equations
~ Eigenvalues of matrices
1.4
Probubilitv and Statistics (6 semester hours)
Cotllhi~atorial mathematics
- Frequency and Probability Distributions
- Correlation
- Test methods
l.5
Numerical Analvsis (7 semester hours)
- l\hlthematicai resources (e.g .. Slide-rule, lists)
Theory of error
Dctermination of zeros (of a function)
- Integration
Systems or linear equations
- Eigenvalue problems
- lntcrpolution and approximation
- Differential equations
1.6
Operations research (9 semester hours)
Linear Programming
- Network models
- Simulation
Dynamic programming
- Prognosis methods
ad 2.
2.1

2.2

2.3

Computer Science
Fundamentals (2 semester hours)
- Representation and conversion of information
- Computer organization
Hardware (2 semester hours)
- Structures functional capabilities, productivity of different types of central processing
units and peripheral equipment
Teleprocessing
Software (4 semester hours)
- Operating Systems {e.g., MUltiprogramming,
Remote Batch)
- Compilers
- Standard methods

Information Processing Tools
System analysis and system planning (7 semester hours)
- Methods of problem and system analysis
- Program organization
- flow charts and block diagrams
- Data organization
Programming (18 semester hours)
- Logic and algorithmic foundations of programming
- Course. I: machine-oriented programming language
(assembler language)
- Course II: Higher level programming language for
commercial applications (e.g., COBOL)
- Course Ill: Higher level programming language for
technical applications (e.g., fORTRAN)
- Structures of progrnms
- Testing of programs
Documentation (2 semester hours)
- Documentation of programs and files
- Development of operating standards
Operating (4 semester hours)
- Laboratory course
- Job control
- Operator communication
Data Collection (2 semester hours)
Planning and Managing Operations (2 semester hours)
- Planning of operations
- Production scheduling
- Protection, recovery, auditing
- Data administration
Organizing the Computer Department (2 semester hours)
- Organization of the computer department
- Position of the computer department within business
organization
- Juristic and personal problems (e.g., treaty making)

ad 4.Applieation Areas of Computers
The student has to select one of the two upplicntion areas
mentioned below, if he docs not want to choose the subject
"System Programming" (4.1). The two application areas arc only
examples of a set or possible application areas, which could also be
the basis for new SUbjects. In every case the subject will lake 30
semester hours. Laboratory sessions, seminars and case studies are
preferred.

4.1

System Programming
- Structures of batch processing systems
multiprogramming systems
time sharing systems
real time systems
convcrsutional systems
- Overall structure of multiprocessing systems
- Assembler. compilers, interpreters
- Test programs
- Structures of programming languages
Standard procedures (e.g. sorting, merging)
Text processing systems
4.2
Applications of Computer for Business
- Application for accounting
Application for production
Application for material planning
Application for marketing
Development of integrated planning systems
Development of integrated control systems
- General models of integrated data processing systems
- Business games with computers for various functional areas
Application of Computers for Public Administration
4.3
- Application for budgeting and public accounting
- Application for taxation
- Application for personnel.departments
- Application for public services
- Application for urban planning
- Application fOI hospitals and medical care
- Planning game for public administration
Besides these two application areas there will be a number of
engineering application areas.
ad 5.Physics and Electronics (=Fundamentals) (7 semester hours)
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ad 6. Basic knowledge of Business, Economics and Organization
Theory
6.1
Business administration (6 semester hours)
- Accounting, bookkeeping
- Cost accounting
- Financial statements/budgeting
6.2
Economics (3 semester hours)
- Explanation of basic economic terms and phenomena
by means of present economic problems
6.3
Organization Theory (6 semester hours)
- Short introduction
- Models of organizational structures
- Models of processes and functions
- Organizational structures of business firms
ad 7.Other Subjects (8 semester hours)
The student has to take one of the following subjects. The subjects
mentioned are only examples, others could be added.
Psychology
Sociology
POlitics
Law
Foreign Languages
Ill. Optional courses and seminars
Each "Fachhochschule" (college) should offer as many optional
courses and seminars as possible on the following topics:
Application of computers for process control
Computer-aided design
Automatic character recognition
Numerical control of machine tools
Data management and data banks
Information analysis and methods for determining information
value
Computer-assisted instruction
Analog and hybrid computer systems and techniques
Selected topics of numerical analysis
Fundamentals of automata theory
Fundamentals of communication theory
IV. Concluding remarks
This concept is a very general model. The Gcrman "Fachhoch·
schulc" arc free to accept it and bring in the details or to develop an
individual concept of their own. The concept also contains a
schedule for the first three semesters, not published here.

APPENDIXII
CONCEPT OF AN ACADEMIC PROGRAM ..DIPLOM-WIRT_
SCHAFTSINFORMATIKER"
(Comparable to Master's Degree Program in Managerial Informatics)
Volume: 160 semester hours, hours per week (12-14 weeks per
semester) 8 semesters

I.

SUbject classification

percentage

1. Mathematics
2. Formal Systems Theory and General
informatics
3. Computer Science and Technology
4. Management Theory, Organization Theory
5. Managerial Informatics
6. Information Processing Tools
7. System Engineering and Modelling

semester
hours

22,5%

36

12,5%
10 %
7,5%
17,5%
20 %
10 %
100%

20
16
1;1;

28
32
16

160

II. Course catalogue
ad 1. Mathematics
semester
hours
Linear Algebra
Introduction to discrete algebraic structures
Mathematical Analysis
Numerical Calculus
Numerical Analysis
Introduction to Stochastic Processes
Probability and Statistics
Options: Mathematical Logic
Introduction to Topology
Algebraic structures

5

3
6
4
5
2

6

ad 2. Formal Systems Theories and General Informatics
2.1 Formal Systems Theories (12 semester hours)
Genera! Systems Theory
Formal Languages and Automata Theory
Control Theory
Theory of Communication
2.2
General Informatics .
Fundamentals of a "theory of "information system
design"
Methods and techniq ues for the design of information systems
Optimization criteria for the design of information
systems
Scales for measuring effectiveness and efficiency of
information systems
Conditions of man - computer - symbiosis
General and special models of information systems
ad 3. Computer Science and Technology
3.1 Introduction to Computing (4 semester hours)
see Cours BI of Curriculum 68 [6.]
•
Algorithms, programs, and computers
Basic programming and program structure
Programming and computing systems
Debugging and verification of programs
Data representation
Organization and characteristics of computers
Survey of computers, Languages, systems and
"applications
Computer solutions of several numerical and nonnumerical problems using one or more programming
languages
3.2 Computers and Programming (4 semester hours)
see Course B2 of Curriculum 68 [6.]
•
Computer structure, machine language, instruction
execution, addressing techniq ues, and digital representation of data
Computer systems organization, logic design, microprogramming, and interpreters
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Symbolic coding and assembly systems, macro
definition and generation, and program segmentation
and linkage
Systems and utility programs, programming techniques, and recent developments in computing
Several computer projects to illustrate basic machine
structure and programming techniq ues
3.3 Computer Organization (4 semester hours)
see Course [3 of Curriculum 68 [6].
3.4 Fundamentals of Hardware-Technologies (4 semester
hours)
ad 4. Management Theory, Organization Theory (12 semester hours)
Introduction to Management Theory
Managerial concepts and goals
Introduction to decisions and value theory
Theory of Organizations
Behavioural Science
ad 5. Managerial Informatics (28 semester hours)
(MIS = information system for the management of an
organization)
Analysis of MIS~lements and -functions
Management of Mlg-develcpment
Role of computers as MIS-elements
Methods and procedures for the design and implementation of MIS within different organizational environments
Methods for determining information needs of MIS-users
(managers)
Cost and value of information
Cost and value of MIS-development
Information behaviour, problem solving behaviour,
decision making behaviour of individuals and groups
within MIS
Interrelations between MIS~structures and structures of
planning and control processes
Models of functional subsystems within MIS
Case studies of MIS in different business areas
ad 6. Information processing tools
6.1 Programming (14 semester hours)
Course I: Machine-oriented programming language
(assembler-language)
Course II: Higher level programming language for
commercial applications {e.g. COBOL)
Course III: Higher level programming language for
mathematical/technical applications {e.g., FOR-

6.2 Problem and System Analysis (5 semester hours)
Methods and procedures of analyzing problems
Which are to be computerized
Program structuring
Flow charts and block diagrams
Documentation techniques
6 -3
Data Manipulation Methods and Data Structures (3
semester hours)
Access Methods
Sorting
Merging
File Organization
Data Base Organization
Data Management
6.4 Operating Systems and Modes of Operation (3 semester
hours)
Small and large systems
Input/Output control
Batch processing
Multiprogramming
Time sharing
Real time
On line and Teleprocessing
Batch versus interactive modes
6.5 Data collection and Operating (3 semester hours)
Data collection procedures
Data collection cq uipmcnt
Job control
Operator communication
6.6 Organizational and Administrative Aspects of Information
Processing (4 semester hours)
Planning and managing operations
Protection, recovery, auditing
Role of standards
Organization of EDP-departments
Computer evaluation and selection
Personal and legal aspects
ad 7. System Engineering, Modelling (16 semester hours)
•
Fundamentals of System Engineering
Characteristics of a system
System design techniques
Model building and implementing
Optimization and heuristics
Network models
Linear and non-linear programming
Simulation

TRAN)

Course IV: Special purpose language (e.g., simulation
language)
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Giorgio Sacerdoti

J. INTRODUCTION
Let us look more closely at the conclusions reached.
In 1967, research conducted in Europe (W.K. De
Bruijn: "Computers in Europe"; Datamation: 'Automation
in Europe"; EDP Industry Report) showed the total value
of computers installed in the sector of automatic data
handling as:
Western Europe
4,492
million dollars
U.S.A.
13,600
18,092
With a percentage increase:
no. computers
value
Western Europe
41 %
41%
U.S.A.
34%
40%
In the same year in Italy there were about 1,800 computers
of various sizes which required about 3,800 analysts and
about 10,800 programmers. Comparison between the
Italian situation and that of Europe and North America
clearly showed the serious lack of specialized personnel and
the necessity for prompt action to remedy matters.
AICA (Italian Computer Association) took the initiative
and, in the Spring of 1968, constituted a Study Commision
on the training of personnel for electronic data processing
in Italy, Chaired by G. Sacerdoti and with A. Caracciolo
and G. Santi. The Commission, with the collaboration of
representatives from both industrial and academic life, carried out an investigation, the main topics were as follows:
a) description of the Italian situation in the field of
education:
b) analysis of professional qualifications;
c) estimates of personnel requirements until 1975;
d) working proposals.
The first set of information was gathered by means of
interviews with teachers in universities and public and
private schools, officials of public and political organizations, manufacturers of EDP equipment, industrial companies service organizations, and a letter-questionnaire
which was addressed to rectors, deans, lecturers and
secretariats of colleges and universities. This information,
together with other detailed documentation on the subject
which had never before been systematically collected in
Italy, was presented at a panel meeting organized by AICA
in Naples, 26-29 September 1968, on "Personnel training in
relation to computer development". From the discussions it'
became clear that work should continue on the same lines,
examining these issues more closely.
An Organizing Committee was nominated and various
specialists undertook to go into the different topics. The
results, which the AICA Committee collected in a new
VOlume, were presented to scholars and specialists from the
field of economics at the Scientific Meeting on the subject
of "The training of personnel for electronic data processing
in Italy" held in Rome, 2-3 October 1969.

2. STATE OF COMPUTER EDUCATION IN ITALIAN
SCHOOLS
The information necessary for setting up the framework, both from a conceptual and quantitive point of view,
of the state of computer education in universities and high
schools was gathered by means of a letter-questionnaire and
interviews with the heads of the main scholastic centres in
Italy.
The aim of the descriptive survey was, in the first place,
to create a basic tool necessary for any future working
proposal and, in the second place, to provide those in the
sphere of education with some measure for comparing
experiencesand didactics. So in Italy, in 1969, a start was
made and the first degree course in Computer Sciences was
established at the University of Pisa, while other courses
were already at a welladvanced stage of organization and
planning at the Universities of Bari and Turin. Two
engineering faculties had given a computer bias to their
degrees in electronic engineering: at Milan in "Numerical
Calculus" and at Genoa in "Computers". In other scientific
faculties (Mathematics, Physics and Science) there were a
few courses in programming, but they were not however
linked with any systematic educational plan. No initiatives
were taken in non-scientific faculties (Appendix I), or in
colleges and high schools, apart from one experiment in
four Commercial Institutes and four Industrial Institutes
where pilot courses for specialization in data processing
were set up. A special working group discussed in depth the
problems involved in the preparation of a curriculum both
at university and high school level. The conclusions were
not considered as conclusive and the work is still going on
in variousceotres.
3. FUTURE REQUIREMENTS OF COMPUTER PERSONNEL
As a basis of any working programme for training
specialized personnel, it was decided to attempt a
quantitative forecast of personnel requirements for the next
ten years, using such statistical methods as would allow, on
the one hand, a comparison with data already collected in
other European countries and in the U.S.A., and, on the
other hand, would still be sufficiently exact from a
scientific point of view.
The starting point still remained the number of"
computers installed, to be considered more as an "index of
potentiality than as absolute data, since developments in
course (particularly applications in tele-processing, multiprogramming, and time-sharing)' will lead to notable
variations in plant structure and management. The values

II/I 17

were essentially drawn from four main sources: the volume
"Survey on Computers in Italy" prepared by ISTAT
(Central Italian Institute of Statistics) in 1968; the journals
"E.D.P. Industry Report", "Automatic Data Processing"
which relates data of the John Diebold Group and
"Datamation" which reports research conducted by W.K.
de Bruijn. The descriptive information gathered from those
studies' were reduced to indices on the basis of the
relationship between computers installed and active
population, and a comparison between the two.
There was consistency between sources and it was felt
that a comparison between the U.S. series and the Italian
series was justified, based upon a 5-6 years delay (Appendix
2). Applying the values of the parameters of the
relationship Italy/U.S.A., it was possible to project the
whole series of values for Italy until 1980. After a critical
analysis of the values available, it was decided to adopt the
classification (size of computers in the U.S.A.) and to keep
it constant during the period under examination; the
theoretical values were calculated relative to the requirements of: computing centre directors, operation supervisors, programmers, specialists, analysts/programmers and
systems analysts.
Finally the values obtained were reconsidered in the
light of hypotheses on turn-over, which, as is well known, is
high in this field; the percentages applied were 15% in the
maximum case and 10% in the minimum case. The final'
figures are listed in Appendix 3.

4. PRESENT SALARY SCALES
Both existing information on the personnel of the EDP
sector and that gathered in large industrial companies in
Italy confirmed the hypothesis on the great gap between
the supply and demand of specialized personnel. Therefore
the problem for Italian industry is not so much one of
equipment, but one of the availability of suitable personnel.
The investigation in this sector was carried out by
means of two empiric surveys, based respectively on the
examination of career planning and on the analysis of data
gathered from questionnaires completed by a sample of
personnel specialized in software in six leading Italian
companies. Both surveys were based on data and
information gathered ad hoc, given the particular nature of
the rapidly developing phenomenon, also taking into
account existing documentation as well as information
obtained through a series of meetings with managers in the
field of systems and with the personnel of several large
companies, leaders in the field of automation.
The results highlighted, on the one hand, the already
mentioned gap and the characteristics of the turn-over in
this sector; and, on the other, the particular "transitory"

*The countries included were Italy, Germany, Great
Britain, France and U.S.A.
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situation with regard to salary scales which at the moment
do not appear to be influenced by paper qualifications, nor
.by the number of professional training courses (Appendix
4). The phenomenon only becomes explicable if considered
in its contingent and historical context, bearing in mind the
fact that in Italy positions of responsibility in the field of
EDP are today covered by personnel from already
established centres, often they are non-graduates, but with
long experience and, therefore, a good knowledge of
practical company problems; sometimes however they are
'not so up-to-date and not so sensitive to training demands
(Appendix 5).
Finally, attention should be given to one of the factors
which is most important for career planning and for the
turnover phenorneon. In brief, a career in the E.D.P. sector
quite quickly reaches a limit above which the only possible
developments are those in salary. Nevertheless, it is
necessary that career planning should provide adequate
openings in those company departments which make use of
automation. Even if, at present, there may be some
resistance to such a recommendation, there do not seem to
be any valid alternatives, if we do not wish that a person,
having reached a certain level, should look for an outlet by
leaving the company.
5. PROPOSAL FOR FUTURE ACTION
The discussion of the abovementioned results, COilducted at the Scientific Meeting held in Rome, in 1969, led
to the formulation of several proposals, which AICA will
promote in government and political spheres. These
proposals are still being formulated, but it is possible to put
forward a general outline. They foresee coordinated
planning between representatives of the academic world,
public and private enterprise, the Ministries of Education and
Scientific Research and the National Research Council.
This planning should give an impetus to developments and
facilitate rapid intervention in the Italian educational
system; in particular, to initiate a programme for the
education of graduates in the sector of electronic data
processing.
This action would be materialized in the planning at a
national level of the necessary courses, in the coordination
(as regards centres, teachers, student numbers) of the
faculties of Computer Sciences, in the proposal to hold
integrative courses in those universities where initiatives
have already been undertaken, and in working proposals for
the other centres. We therefore hope to be able to take
direct action to remedy the present lack of initiatives and
centres, so meeting the most immediate demands for
trained personnel in the EDP sector and, at the same time,
to bring about the development of a permanent and steady
supply of specialized personnel who will contribute to the
culture and economy of the country.

Appendix 1

Non-specialist courses
Centre

Course

Type

Degree

Milan Polytechnic

Programming

C.C.

Turin Polytechnic

Numerical Calculus & Programming
Statistics & Information Theory
Theory & Design of Logic Circuits
Computers & Circuitry Logic
Pulse Techniques

C.
C.
C.
C.
C.

University of Genoa

Programming
(I/3 of course annually)

C.C.

Electronic Engineering
Electronic Engineering

University of Naples

Programming

C.B.

Electronic Engineering

University of Rome

Programming

O.

Engineering

Specialist Courses
Centre

Course

Civil Engineering
Electrical Engineering

Electrical Engineering

Type

Degree
Mathematics, applied
Mathematics, general

Univ. of Milan

Computer Theory & Application

C.C.
C.

Univ. of Padua

Numerical Calculus & Graphics
Computer Programming Theory
Numerical calculus graphics
Operational Research

C.C.
C.C.
C.
C.

Mathematics, for specialization in electronics

Mathematics, for statistics and economics

Linear and non-linear programming

C.

Numerical Calculus & programming
Statistics & Information Theory
Theory & Design of logic circuits
Computers & circuitry logic
Pulse Techniques

C.
C.
C.
C.
C.

Univ. of Bologna

Computers
Programming

C.C.
C.C.

Electronic Engineering

Univ. of Genoa

Computers

C.C.

Electronic Engineering

Univ. of Naples

Computers
Programming Techniques
Advanced Computer Studies

C.B.
C.C.
C.C.

Electronic Engineering

Turin Polytechnic

C.C.
C.
C.B.
O.

Electronic Engineering

Compulsory Complimentary Course
Cornplinentary Course
Compulsory Basic Course
Optional Course
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Summary of uecessary persounel

Appendix 3

Nos. graduating from universities

Nos. graduating from other
institutes

Nos. completing professional
training courses

MAX

MIN

MAX.

6,300
6,300
6,300
11,900
11,900
11,900
16,800
16,800
16,800
19,200
19,200

5,900
5,900
5,900
9,600
9,600
9,600
14,700
14,700
14,700
20,400
20,400

6,800
6,800
6,800
15,000
15,000
15.000
22,500
22,500
22,500
28,300
28,300

Year
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

MIN

MAX

MIN

1,400
1,400
1,400
2,700
2,700
2,700
4,400
4,400
4,400
7,000
7,000

1,700
1,700
1,700
4,200
4,200
4,200
6,600
6,600
6,600
9,300
9,300

4,900
4,900
4,900
7,500
7,500
7,500
11,000
11,000
11,000
13,800
13,800

CONCLUSIONS
Summary of personnel employed according to category
MIN

MAX

in 1970:
systems analysts
programmers/analysts
programmers and specialists

1,800
6,300
8,200

2,100
7,300
9,400

7,200
22,700
21,000

9,200
29,300
27,200

20,400.
58,800
35,200

24,200
69,700
41,700

in 1975:
systems analysts
programmers/analysts
programmers and specialists
in 1980:
systems analysts
programmer/ analysts
programmers
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MODULAR

STRUCTURE

INFORMATICS

IN

FOR

THE

EDUCATION

ON

NETHERLANDS*

A. Schinkel

1. DEVELOPMENT OF COMPUTER EDUCATION IN
THE NETHERLANDS

1.I Origin and development of education
Some ten years ago, the Netherlands Centre for
Informatics organized an introductory programming course.
Following this, an advanced programming course was set
up. For these courses, the SERA machine language was
used, having been specially developed for teaching
purposes. At the request of the sponsors of the Centre,
machine-oriented programming courses were later organized; at first for second generation computers only,
followed by contiguous courses for configurations with
magnetic tapes and disks. The education package 'Programming' was completed by means of courses for larger (third
generation) machines and for high-level programming
languages such as COBOL, etc... Recently, a new
programmer training course was added to this package, with
its main emphasis on practical methods.
The Centre is also organizing training courses for
Systems Analysts; the first, a Practical Training Course in
Administrative Data Processing was started some eight years
ago and was especially intended for Assistant Systems
Analysts. Four years later, a course in Programming/
Systems Design was added to the training course. This
course Was originally designed for specific personnel needs
related to municipalities; in later years, it was also open for
all student categories. It is a compact daily course,
particularly intended for students who will be engaged in
practical systems work immediately after they have
completed their training.
In addition to, and running concurrently with, the
aforementioned courses, the Centre also developed an
evening training course for higher qualified personnel and
expert management on Automation and Mechanization of
Management Information Processing (known as AMBl in
Dutch).
Apart from the necessary training in automation this
course deals with systems design and project management,
as well as with the organization of automation within the
business. Contrary to the aforementioned training courses,
which are more or less aimed at acquiring knowledge and
skill, AMBI also aims, to a considerable extent, at providing
an overall insight, appreciating that those who have studied
AMBI may later easily be adapted to present rapid
developments in the field. The AMBI course has acquired
quite a good reputation in The Netherlands and is
commonly viewed as the training course for ADP experts
(the number of AMBI students today amounts to
approximately 1,000).
1.2 Examinations
At the end of all training courses mentioned above,

students may take examinations; those for the programming certificate are in writing, while for others examinations are taken both orally and in writing. With two
exceptions (the new programmer training COurse and
systems design) examinations have been formalised, i.e.,
they are supervised by a delegate from the Dutch
Government. Official examinations have the great advantage of producing a standardizing effect on the levels of
knowledge. Consequently, as far as their recruitment and
selection is concerned, their knowledge of ADP personnel is
easier to judge; furthermore, some directives are available
with respect to promotion and remuneration policies. An
additional advantage is that less qualified educational
institutions are rather more restricted in their activities.

1.3 The situation today
At present there are fifteen official examinations. In
addition, Government supervision has been requested for
five courses and examinations. Moreover, courses are
continuing to expand; the first reason for this being the
increasing differentiations and specializations within the
ADP discipline. An illustrative example: Application-programmcrs vs. system-programmers; information analysts vs.
system designers; experts for small systems vs. large
systems, etc .. Consequently, there is a manifest need for
new training courses, structured along the lines of these
developments.
Apart from the fact that the education package is
expanding due to specialization, there is a growing need for
training courses as a result of certain needs and conditions
with specific groups of computer users. Last year the
Netherlands Centre for Informatics developed five new
(different) programmes for training courses in systems
design. These programmes were developed at the request of
the Government, local authorities, and larger companies.
These developments bring about an ever-growing number of
problems in the preparation and execution of training
courses and examinations. These problems are still
multiplied by the rapidly growing numbers of students and
.examiners; the overall figures for the training courses and
examinations organized by the Centre amount toI ,000 and
2,000, respectively (these figures include examiners trained
at other educational institutions). During the last year,
these figures have increased by an overall percentage of 10
and 30 respectively, for students and examiners.

1.4 Main problems in actual situations
As far as the training courses are concerned, the
problems quoted above may be summarized as follows:
1.4.1 the complete education package, as far as its contents
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are concerned, has grown so complex and voluminous that it is rather obscure for both student and
teacher (in' addition, it is subject to continuous
modification on many points);
1.4.2 there is a growing problem of finding expert
coordinators to be in charge of preparation and
supervision of training courses; this problem is the
greater since this job is carried out by experts who
are usually fully employed elsewhere;
1.4.3 another great problem is to find sufficiently expert,
specialized teachers (the numbers of professional
teachers in this discipline is rather limited, so they
have to be mainly recruited from practising ADP
experts working who, generally, may not have
received special didactical training);
1.4.4 coordination of training courses which are constantly
being adapted is becoming more difficult in view of
the relatively large number of teachers; (in addition,
teachers are presenting the course material from their
own practical experience and in their personal
fashion);
1.4.5 a growing problem is the question of how to
accomplish a proper link between the various levels
of students on the One hand and, on the other, the
contents and presentation of the lessons;
1.4.6 with the increasing numbers of subjects and teachers
it occurs more and more frequently that two; three,
or four teachers are treating the same subject in a
different way; this not only occurs in different
courses, but even happens in the same training
course;
1.4.7 another consequence is that, within a specific
t~aining course, unnecessary overlaps Or even duplicatl005 occur whereas, on the other hand, gaps may
also occur;
1.4.8 the aforementioned problems are further magnified
since it is difficult to maintain the quality of the
teachers at each level, particularly due to the
modifications in the composition of the teaching
groups;
1.4.9 due to the above, the complete set of course material
and syllabuses grows more heterogeneous and more
voluminous (syllabuses bearing the same title may
have different contents, and vice versa);
1.4.lOanother consequence is that the total amount of
work to be done and efforts to be made are
unnecessarily vast which, of course, has an unfavourable influence on the cost factor.
The problems involved in the actual situation also
influence the examinations. The complex problem of the
education package is also. relevant to this question. We find
it harder than ever to have people available for the purpose
of organizing examinations (examination bureaux).
Already, it is practically impossible to obtain the services of
sufficiently well qualified examiners and correctors.
Furthermore, instructions for examiners should receive
mare attention and also preparation of examination
problems and standardized elaboration of these problems.
2. MODULAR STRUCTURE OF EDUCATION
The educational development outlined in Chapter I,
sh~ws that re-organization is desirable, if not obligatory.

This would imply that training courses and examinations

are rationalized through further standardization and
systemization. In this respect, the modular structure of the
package of courses and examinations may be an important
starting point.

2.1 Modules in general
The first application of modules can be found in
architecture. Here, by a module is understood: a measured
unit, or a multiple of measured units, in which the ration of
the component parts of the complete building is expressed.
In this respect, therefore, the emphasis is on the measure
rather than on the component part itself. The purpose of
such measured units is to build a large number of
component parts in a simple way, i.e., without any need for
adaptation.
The term 'module' is also used for component parts which
form a unit which is rounded off in a way which allows for
easy replacement within a whole. The purpose is to
maintain the continued operation of the whole through
quick replacement of incorrectly functioning component
parts.
An example may be found in electronic data processing
machines, especially the replacement of components in case
of breakdown.
The term 'module' IS also used WIth interchangeable
component parts. In this respect the purpose is to have
modules "assessing a more or less universal usefulness in
order that they may be used at various points within a
whole. This is aimed at for the purpose of limiting the
number of types of component parts as regards production
and storing. Examples of this arc also provided by
automatic data processing (c.g., certain parts with
hardware, and subroutines with software).
A final example: splitting up a voluminous and complex
whole into a number of more or less rounded off
(independent) component parts. This npplication is encountered e.g., with modular programming. However) in this
case the purpose is not the replacement of modules but,
instead, the simplification of programming work and
program maintenance. By splitting up a large program into
a number of modules, the overall structure is more
perspicuous and the component parts can all be later
developed and modified.
Therefore, the term 'modules' is used for:
(I) predetermined measured units for component parts, for
the purpose of simplifying their combination into a
whole;
(2) simply replaceable component parts for the purpose of
maintaining the continued operation of the whole
through rapid replacement;
(3) interchangeable component parts, for the purpose of
limiting the number of types of component parts with
production and storing;
(4) more Or less rounded off component parts, due to
splitting up a voluminous and complex whole, for the
purpose of gaining better insight into the whole, as well
as for achieving manageable production and modification.
A modularly structured whole could be defined as follows:
'A more or less voluminous and complex whole,
consisting of a number of unambiguous, rounded-off,
usually simply replaceable and interchangeable component parts.'

2.2 Modules in education
The forms or types of modules mentioned sub 2.1 are
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also applicable to education. They will now each be
discussed in reverse order, i.e., starting with the last
mentioned detailed explanation.
The most obvious type is: splitting up an often
voluminous and complex education package into a number
of more or less complete knowledge areas (modules). Those
knowledge areas are then, one at a time, unambiguously
defined with respect to their contents, delimitation,
connecting points, etc. This allows for, in the first instance,
better insight into the totality of the course material and
into interrelationships. In addition, knowledge areas
(modules) can be simply elaborated and later adapted to
continuous developments.
Another module type applicable to education is the
interchangeable (universal) knowledge module. This means
that each module is composed so as to allow for its use with
various courses (module series). Eig., the module 'basis
programming' may be applied, in the same form, in courses
for programmers, system designers, and project managers.
Each subject or knowledge area, therefore, occurs only once
within the total education package .. Moreover, one module
can be expected to combine several subjects. This may be
the case with specific subjects which are not extensive
enough to constitute their own module of sufficient
volume, as well as when the combined subjects occur in the
same combination for all functions. The advantage of each
subject occuring only once is that all preparatory activities
with respect to giving the lessons have to be carried. out
only once.
The application of modules for the purpose of simple
replacement of component parts (which was also discussed
above) is not relevant to education.
Finally, we mention the application of predetermined
measured units or a multiple of such units. With respect to
education, this implies that modules have standard sizes,
i.e., they consist of a standard number of lesson units. This
allows for creating (arbitrary) series from a total module
package, which series are always linked together in terms of
lime. In this way, with respect to course duration, no
counteracting overlaps or gaps occur. When the education
modules and the examination modules correspond with
each other in terms of volume, this volume will be
determined by, on the one hand, the organization of the
courses and, on the other, by the organization of
examinations. With respect to courses, efforts are made to
achieve wider possibilities for variation in the composition
of the series and, in addition, to be able 10 deal with each
subject fully within one. educalional season. As far as
examinations are concerned, however, a not too-limited
volume is preferred in order to avoid an excessive number
of examinations. Moreover, it can be imagined that, instead
of one slandard number of lessons per module, several
lessons will be involved, e.g., per module category. In this
respect it should be noted that the standard number(s) of
lesson units is relalive. It depends, namely, on the manner
of teaching and the student's ability to follow, so the
number of lesson units may (and very probably will) vary
over and under the standard number.

2.3 Module interrelation
A substantive question with the modular structure of an
education package is whether modules should be interrelated in the sense that a specific sequence is required. It
could be imagined thai e.g., each module is completely
independent from all other modules. This would imply thai

the contents of each module should allow for students
following the lessons being involved without first having
followed the lessons from other modules. Such a starting
point would undoubtedly result in considerable duplication
of course subjects which is precisely the opposite of what is
intended.
For instance, basic knowledge of programming is desired, or
even necessary, for the purpose of following lessons in
COBOL, operating systems, file organization, etc. Therefore, if this module is not followed first, basic programming
will have to be included in all other modules mentioned.
This example shows that, at least in some cases, a
specific sequence is obligatory.
Further, the need for knowledge is so varied that it is
desirable to have as much freedom as possible in the
Composition of the series. These variations can be the result
of differences in the knowledge which was acquired earlier.
For instance, someone may have acquired the knowledge of
a specific module from another source, in which case, it
should be possible to skip the module involved. However, it
is also possible that knowledge is required which can be
obtained from one module, or from a limited number of
modules in a fixed series. This fixed series could have been
formed for a specific function, e.g., programmer, systems
designer, etc ..
Consequently, with respect to the interrelation between
the modules (in an obligatory sequence or not) contrary
forces are at work. However, one of the most important
advantages of the modular structure, i.e., each subject
occuring . only once (in principle) within the total
education package, should be preserved. For as far as
desired sequence is concerned, it should be checked
whether and, if so, on what conditions, possibilities for
exemption from examinations can be included.
Finally, the relations between the modules and the
educational possibilities preceding and following those
included in the total package, are discussed. Assuming that
computer education is to be considered part of professional
education, the package should provide a link with general
advanced education. For the modules on programming and
systems design the basis should be, according to modern
views, secondary school, B level. Graduates from the A level
should follow a special module to achieve the B level. If, in
future, the secondary school curriculum includes computer
education, the modules should be adapted to this.
At the end (output) of the package some adaptation is
also required. For the modules on machine operation and
programming, this adaptation relates to the application
courses for specific machines; for the modules on systems
work, it concerns the application courses for specific
branches and applications. Through an unambiguous
definition of the contents of the package modules, the
organizers of the application courses are able to determine
the desired knowledge of specific machines, branches and
applications.

2.4 Example of a modular structure
Appendix I shows a diagram of the set-up of a modular
structure with computer education. This diagram shows
that, in addition 10 courses for computer personnel
(programmers, system designers, etc.), this structure also
aeeomodates the application courses for all other personnel
requiring this same knowledge. This includes those who are
involved in information processing, as e.g., those who
prepare input, punch typists, operators, auxiliary personnel,
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etc.. Also included are those dealing with users, as e.g.,
contact personnel, for both systems design and information
processing, as well as the users of information themselves.
The diagram distinguishes between five module categories:
= Informatics
= Programming
= Systems Design
IP = Information Processing
U = Usc of Information.

I
P
S

In this plan, an attempt was made to relate knowledge
areas to functions. The connecting lines between the
modules in the diagram, therefore, arc indicating possible
course series. These lines, however, are extremely relative
and. should be considered with due reservation; they
indicate the most current series for the most current
functions. In practice, of course, variations may occur.
Connecting lines should not in any case be regarded as
promotion lines.
The diagram is based on the situation where, in regular
education, no computer education is yet included in the
curriculum. As far as this may be, or may become the case,
speciflc modules can be skipped. As appears from the
diagram, the package is intended to correspond fully with
regular education. For the time being the volume of the
modules has been determined on approximately 60 hours
(I.e., 25-30 lessons of 2-21> hours each). This figure was
based on oral evening courses (September to April: one
night per week, with examinations in Mayor June).
This plan was also recorded in tabular form (see
Appendix II), allowing for wider variety in the series to be
composed. However, it is more difficult to designate the
inputs and outputs (links) of the modules than with the
diagram.
The contents of the modules have been defined ii, a
descriptive form. Those descriptions include for instance:
contents, required basic knowledge, links to the previous
and to the following modules. For practical reasons these
descriptions have not been included in this paper, but the
author will make those available to persons interested.
3. MODULAR STRUCTURE: ITS POSSIBILITIES
The possibilities and advantages of education modules
e.g., apparent in:
improved quality of education
improved adaptation of needs
organizational advantages
reduced costs
standardization of contents and level of examinations.
These advantages are also offered by the fact that, in a
modular structure, each subject occurs only once within the
total package. This is contrary to the packages of
function-oriented courses where specific subjects often
occur several times. This simplification reduces the
dispersion of already scarcely available aids, which may
thus' be used In a more concentrated and, consequently,
more efficient way. The advantages are not, however, only
the result of the application of modules, they are also
offered, thanks to a number of associated provisions, as
e.g., standardization of contents, specialization of teachers,
etc ..
are
3.1
3.2
3.3
3.4
3.5

3.1 Improved quality of education
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With respect to the quality of the courses the
abovementioned factors result in:
3.1.1 improved contents of the courses through proper and
timely adjustment to rapidly. developing needs
(selection from the material itself, from literature
from techniques and methods to be taught, etc.);
,
3.1.2 improved surveillance and fewer overlaps and gaps
through simpler and, consequently, more efficient
coordination (the coordinator's. job will mainly
consist of composing a course (series of modules)
from a standard module package; contrary to
instructing and correcting teachers having their OWn
personal preferences);
3.1.3 improved transfer of knowledge through continued
specialization of the teachers in the subject they are
to teach (each teacher is able to concentrate fully on
a limited number of clearly defined topics);
3.1.4 improved instructional material (more time and
money is available for compiling instructional
material, inclusive of specific presentation aids);
3.1.5 improved supervision (more time and money can be
spent on the preparation of standard syllabuses and
text books).
The majority of the aforementioned advantages also
apply, in principle, as regards examinations. Their quality
may also be considerably enhanced through a (simpler)
modular structure.

3.2 Improved adaptation to needs
For the user, the modular education and examination
programme has the great advantage that education may at
least, in principle, be adapted to his specific need. It would
be possib Ie for each company to compose a specific series
for all qualifying personnel. It would even be possible to
determine each staff member's own pace (e.g. a quick pace
through several modules at the same time, or a slow pace
through one module at a time with rest periods in
between). Then, it would also be possible to follow one or
several arbitrary modules instead of a full series. Possibilities of adapting to students' needs also apply to
educational institutions which can now compose their own
courses (series) adapted to those needs. This applies to both
individual students and groups of students.
The above assumes that, in all modules, courses and
examinations are regularly organized so that, whatever
module or series of modules one chooses to follow, it wiIl
always be possible to enroll for a course and to take the
examination at its end.
3.3 Organizational advantages
In case it is possible to take examinations for all
modules regularly, it would be .feasible to cancel the
function-oriented courses. To the educational institutions
this would mean that all typical activities with respect to
those function-oriented courses become superfluous. This
includes, among others:
3.3.1 composing function-oriented knowledge packages
(against the background of the usually controversial
demands from the various users);
3.3.2 student acquisition for the various function-oriented
courses (with frequent overlaps in the acquisition
material);
3.3.3 coordination of contents, and supervision for the
purpose of having a course which is complete in
terms of contents;

3.3.4 provisions for incidental or additional accommodation for the various courses of different volume
(often with special domestic supervision).

3.4 Reduced costs
Simplification of the courses: each subject occurs only
once, entailing lower costs. All preparatory activities have
to be carried out only once; these include e.g.:
3.4.1 preparing instructional material (preparing examples
and exercises, presentation aids, etc.);
3.4.2 preparing written supervision (preparing and producing abstracts from course subjects, syllabuses,
textbooks, etc.);
3.4.3 preparation of teachers for teaching (coordination,
instruction, familarization, etc.)
The above reduction of activities applies not only to the
preparatory activities, but also to all modifications to be
made in the course of time. Many of these financial
advantages also apply, in principle, to the preparatory
activities for examinations (preparing problems and elaborations, examiner instruction, etc.).

3.5 Standardization ofcontents & level of examinations
Through the conversion of the education and examination package which grows more complex and voluminous
all the time, into a number of clearly delimited and defined
(in terms of contents and level) modules, considerable
standardization is accomplished. Such standardization does
not only offer advantages from an organizational point of
view in a broad sense (see sub 3.3 and 3.4), it also affects
the outside world. For the outside world (mainly employers
or future employers of the course graduates) it will be
much easier to evaluate the courses or the examinations.
This is important for the recruitment of computer
personnel (quality evaluation), as well as with determining
the remuneration of new or already employed personnel.
Furthermore, the standardized examination package
forms an unambiguous starting-point for subsequent
specific courses. The latter may apply to specific machine
knowledge (machine courses from manufacturers) as well as
to specific knowledge of the company (employers' courses).
The new plan only awards certificates in knowledge
areas. If it appears desirable to award certificates for
function-oriented series, this may be done at the moment at
which a student is awarded the certificate for the last
module in the series for this function. Another possibility is
to state on the last certificate of the series what previous
certificates were awarded the student and the total
knowledge gained.

4. MODULAR STRUCTURE: ITS CONSEQUENCES

4.1 Differences with respect to knowledge of the subject
In a strict modular structure, the contents of each
module and the various functions for which the training is
intended should always be taken into account. This is
contrary to the situation with (non-modular) function oriented courses, where this problem is limited to the
requirements for one specific function. As a result, the
contents of the module 'general programming' are the same
for operators, programmers, and systems designers. It is
possible, however, that the contents of this module are just
sufficient for operators, whereas for programmers the
application of the knowledge (skill) is also required and the
systems designer, in turn, needs specific background
knowledge.

This problem may be solved by adding submodules to
the module involved. For programmers this submodule may
consist of exercises (e.g., flow charting); for systems
designers it will consist of programming know-how relevant
only to the systems designer (e.g. influence of programming
on systems design). The desired additional knowledge may
also be added through special function modules instead of
sub modules. For instance, by combining all necessary
knowledge for systems designers, which does not appear in
the series of chosen modules, into one function module.

4.2 Differences with respect to student level
Standardization of knowledge transfer, resulting from
the modular structure, does not provide .an adaptation to
the various levels of students.
For as far this is due to differences in the secondary
education received by students, this problem may be solved
through special preparatory modules (e.g., mathematics for
students of the o-direction). These modules should not, of
course, be intended to bring all students to the same level
of education, but should convey the lacking knowledge
which is required for a common basis with the next
module.
In case the difference in levels is due to particular talent
(intelligence etc.) the problem is less easily solved.
Although the contents of the module may, in principle, be
the same, the way of transferring the knowledge should
now be adapted. This would imply that the lessons should
be split up according to the students' levels. Written
supervision (syllabuses and textbooks) as well as the
examinations could remain the same in principle.
5. ACCOMPLISHING THE MODULAR STRUCTURE

5.1 Elaboration of structure and contents
The Board of Directors of the Netherlands ADP
Research Centre charged the Education Advisory Committee with elaboration of the structure and contents of the
future (modular) structure of examinations. This cornmittee concluded that a number of subcommittees should
be formed and subcommittees for 'Programming' and
'Systems Design' were then formed and charged with:
'examining whether the development of automation
constitutes a reason for adapting the number, the
structure and contents of the present examinations'.
The Education Advisory Committee has advised the
committees to devote attention to the possibilities of a
modular structure for examinations.
Both committees were composed of representatives
from present courses and examinations (course coordinators and chairmen of examination bureaux) and representatives from computer users (Governement, industry, etc.).
Furthermore, representatives from computer manufacturers
are serving on both committees.
The subcommittees are to report to the Education
Advisory Committee for the first time before 1st July
1970. The committee will evaluate the reports, as well as
the proposed modules for programming and for systems
design. The subcommittees will then presumably be asked
to elaborate their plans on some points.
If the Board of the Netherlands ADP Research Centre
accepts the advice of the Education Advisory Committee in
consultation with the Education Council with or without
modification, the advice is to be submitted to the Council
for Professional Examinations. Finally, the advice wiII be
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sent, in the form of a proposal, to the Ministry of
Economic Affairs for approval and then 'Standards for
Examinations' will have to be modified accordingly. The
above is expected to be accomplished by the end of 1970.
However, one year will still have to pass before modified
examinations can be organized.
5.2 Practical application
Once the plan has been approved, it will have to be put
into operation and, firstly, the contents of the modules will
have to be elaborated in detail. The ideal solution is to
write a text book for each module fully adjusted to both
contents and the desired presentation. The Netherlands
ADP Research Centre has appointed a Committee to
prepare the production of such text books.
Then, for each module a standard curriculum will have
to be drafted and then it should be determined which
teachers are to give which lessons, and they will be obliged
to keep to the contents of the text book concerned.
Finally, the existing courses which are, for a part,
function-oriented, can be set up again on the basis of the
new module package. Possible new courses will, of course,
also be structured along the lines of this package.

* Only for courseswhich arenot includedin regular education.
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COMPUTER

EDUCATION

IN

JAPAN

Shoji Ura and Akira Takayanagi

1. RECOGNITION OF COMPUTER EDUCATION
Research and development work on electronic cornputers began around 1950 at the Electrotechnical Laboratory, Tokyo University, the Electric Communication
Laboratory; the Fuji Film, Ltd., and others, some ten years
after the United States. The work was later taken up by the
electronic and communications equipment manufacturers
who were in possession of comparatively high technology in
the field of components, such as transistors and, around
1958, they started production of electronic computers.
Since then, the use of computers has spread rapidly and by
the end of 1969, some 5,600 units of general purpose
computers (4,135 domestic and 1,465 imported products)
were in operation. (Table 1.1) Utilization of computers is
also shifting from ex post facto processing of large volumes
of business records to integrated planning and control. The
on-line system utilizing communications lines is also being
used at various organizations. Today, however, the users of
computers are compelled to face the problem of securing
information processing specialists if they wish to utilize
computers more effectively. According to the trend of the
popularization of computers, more than 20,000 information processing specialists must be trained each year, and
their qualitative improvement and quantitative expansion
have become a serious and urgent problem. (Table 1.2). It
was only a year or two ago that the question of education
in information processing began to be taken up as
newspaper or television topics and that government
agencies began to take it up seriously. However, educational
activities by those connected with computers had cornmenced 15 years before. Principal activities in this
connection include the following:
A. PC Seminar
Study meetings and seminar sessions for utilizing the
PCS (punched card system) not merely for office work
processing but for statistical analysis, operations research
and so forth, have been held since 1955 with Professor Ziro
Yamauti as leader (of the Japanese Union of Scientists and
Engineers). With wider popularization of computers, the
seminar title was changed to CP Seminar (computer

programming seminar) in 1958 and is still continued. Many
of those who completed attendance at this seminar are now
active as pivotal figures in computer utilization at business
organizations.
B. Education in universities
A lecture course on computer applications was offered
at Tokyo University by Professor Sigeiti Moriguti for the
first time in 1955. Keio University began offering a
computer course in 1957, and established, in 1959, the
department of Administrative engineering with computer
education as one of the main subjects. In the same year, the
department of management science was also established at
Konan University.
These two departments were the first to make computer
utilization a main subject. With wider utilization of
computers in the industries, the appraisal of the graduates
of the above departments has risen considerably.

C. Computerprogramming symposium
Comprehensive research activities on mathematical
sciences were started in 1959 by the joint effort of
scientists of various fields. As one of the activities, a
computer programming symposium was held in 'January
1960 (with professor Ziro Yamauti as chairman). The
symposium is still being held under the support of many
researchers in engineering, science and other disciplines. It
goes without saying that excellent papers have been
reported and lively discussions have been carried on at this
symposium since the first meeting, and it is undeniable that
it has contributed greatly to the stimulation of both young
researchers and leaders.
D. Establishment of the Japanese Electronic Industry
Development Association
The Japanese Government enacted the Special Measure
Law for the Development of the Electronic Industry in
1958, with a view to promoting the industry. At the same
time, the Government established the Japanese Electronic
Industry Development Association in collaboration with
electronic computer manufacturers. The Association has
been holding short courses on computer programming since
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its establishment. It also undertook a comprehensive survey
related to computer personnel and published a report in
March 1968. The Association's educational activities were
subsequently transferred to the Japanse Information
Processing Development Centre, which was established in
1967 around the Computer Operating Division of the
Association.
E. Recommendation of the Japanese Science Council
The Science Council of Japan soon realized the
importance of computing facilities as the foundation for
scientific studies, and made a recommendation to the
Government to install computers in the universities. In
accordance with the recommendation, the Government
proceeded with the drafting of plans for installing small or
medium-scale computers in many national universities from
1960. The Government is also proceeding with the
establishment of large scale computer centres in the seven
blocks into which Japan is divided so that they may be
used by all researchers. Through the implementation of
these plans, many researchers having been taking interest in
the computer and through its utilization are playing the
leading part in present computer education.
F. Report of the Electronic Industries Council
The Electronic Industries Council was requested by the
Government to present a policy to meet international
competition in computer industry. In its report, submitted
in May 1966, the Council envisaged the outlook for future
utilization of computers and presented concrete policies for
research and development, production, sales and utilization
techniques. The report also contained a special item which
pointed out the urgent necessity of introducing computer
education to upper secondary school students as well as for
the improvement in labour conditions of computer
specialists in order to meet the demand for them.
G. MIS Mission
The Japanese Productivity Centre organized a MIS
(management information system) Mission composed of
executives of leading enterprises (led by Tsunao Okamura)
in October 1967. The Mission travelled through the United
States to observe the actual state of things in that country.
After return to Japan, the Mission pointed out Japan's
handicap at the start of information processing and
appealed strongly to the Government and private enterprises regarding the need for education connected with
computers. The report called forth a wide repercussion in
all parts of society, and it has served to raise enthusiasm for
today's computer education.
The foregoing constituted principal movements undertaken to date in connection with computer education, and
these served as a foundation on which present educational
activities.are based.
2. GOVERNMENTS ACTIVITIES
PUTER EDUCATION

TOWARDS COM-

In order to promote development of computer
technology, the Government, with its Electro-technical
Laboratory as a pivotal organ, and with collaboration from
computer manufacturers, expedited the High Performance
Electronic Computer Development Project under a six-year
program starting in 1966. The Government is also striving
to materialize the establishment of a nation-wide informa-
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tion network, using the Nippon Telegraph and Telephone
Public Corporation and its Electric Communication Laboratory as the leading agencies. The Government's measures
related to development of computer systems were thus
implemented a few years ago, but it was only a year or two
ago that education in computers began to be taken up
concretely by Government agencies. The following activities are described:
A. Report of Industrial Structure Council
In order to reply to the Government's request for
advice on the policies designed to promote sound
development of information processing and information
industries, the Industrial Structure Council established the
Information Industry Division under the chairmanship of
Kazue Kitagawa in November 1967. The division undertook
elaborate studies, including dispatch of an EDP Education
Mission (led by Hideo Yamashita) to the United States, and
submitted a report in May 1969. The report is based on the
idea that the development of data processing will be
dependent largely on capable 'personnel'. And, as the first
measure the Government should implement, the report
points out 'promotion of education and training in
information processing', indicating the need for broader
computer education including upper secondary school
students instead of limiting the training to specialists, as
well as the need for systematic plans for training teachers.
B. Computer education in schools
In May 1969, the Government organized the Information Processing Education Council chaired by Ziro Yamauti
and composed of learned and experienced men delegated
from various fields. The Council was requested for an
advice on the means of educating talented men who will
shoulder 'information society' at various levels of schooling.
The Council submitted a preliminary report in September
of the same year. (see Ch 3.)
C. Information processing education in upper secondary
schools
The Government requested the Science Education and
Industrial Education Council (chaired by Toyosaburo
Kikuchi) for an advice on the means of promoting
information processing education in upper secondary
schools. The Council set up the Information Processing
Division (chaired by Sigeiti Moriguti) to study the problem.
In the report submitted in December 1969, the implementation of information processing education is recognized as
being feasible from the development stage of students, and
the educational objective is set at 'deepening of fundamental understanding of information processing and
cultivation of basic ability and attitude for undertaking
appropriate information processing.' In actual education,
mere acquisition of knowledge is not everything; it is
important to cultivate attitudes for the work by letting
students actually usethe computer, thereport advises. The
report also contains concrete recommendations with regard
to courses, facilities and equipments for upper secondary
schools which have been aimed at vocational training.
D. Guide to training for advanced information processing
specialists
The Government has commissioned the Japanese
Information Processing Development Centre to prepare,
under a two-year program beginning in 1968, a guide to the

training of advanced information processing specialists. This
is aimed principally at in-service training of system
engineers at various business organizations as well as
usefulness at various seminars. The work is being expedited
in the following five sectors:
Planning and control; research and predictions; computer control; computers in general; technical computations and designing.
E. Certification for data processing specialists
The Government put in practice the first examination
for licensing junior and senior programmers in November
1969. The object of this licensing system was as given
below.
(I) Improvement in information processing techniques will
be promoted by including the objective and stimulating
programmers.
(2) By indicating educational objects to those connected
with school education, vocational training and in-service
training, who are engaged in the education of
information processing or the training of programmers;
the repletion of educational contents will be expected.
(3) By providing criteria for appraising programmers at
their employment, transfer of advancement; the
establishment of their social status will be promoted. (Table 2.1).
At the first examinations, as many as 29,098 junior and
12,924 senior programmers (40,022 persons in total)
were present. As for their age, there was a wide range;
the youngest was 15 and the oldest 72.
Incidentally, since there has been some criticism
regarding the objective of this system and the basic
attitude of presenting examination questions, many
hope for reforms in the future.
F. Advanced education and training centre for information
processing specialists
The Government is expediting preparations with a view
to establishing the Advanced Education and Training
Centre for Information Processing Specialists where training
m systems engineering is provided for the experts who have
had experience in actual work for a certain period of time
after completing school education. This Centre is to start in
October 1970. The Centre will be equipped with a
medium-scale computer for training and audio-visual
teaching facilities to make the training more effective.
3. COMPUTER EDUCATION IN SCHOOLS
. As stated before, the demand in industry for
information processing specialists (system engineers, programmers, operators etc.) is quite urgent. In fact, this has
already created a serious social problem. However, since the
effect of computers on society covers wide areas and is very
powerful, it will be necessary to study information
processing education in schools from a long-range perspective. It was for this reason that the Government established
the Council on information processing education. (Table
3.1 fig. 3.1).
The fundamental attitude of this Council includes the
following:
a) It is more appropriate to think information processing
does not put a high value on skill itself independent of
knowledge and experience as a skill in abacus (abacus has
been included as one of the subjects in primary schools
smce the early days).

b) Consequently, information processing education at
school level should be consonant with the viewpoint as to
how education of people, who live in the 'age of
information', should be.
c) In the circumstances, it would be necessary to base such
education on the idea of providing knowledge and
techniques related to information processing, which are
consonant with the state of development of students'
knowledge and understanding, in addition to the existing
educational content.
d) Of course, it would be necessary to give adequate
consideration to the research of information science and to
achieve the establishment of a research and education
system that will form the basis for information processing.
The information sciences relate to an extremely wide area,
including physics, biology, humanities, sociology, etc .. It
also serves as the basis of development for other sciences
and contributes greatly to the improvement of actual living.
Many comprehensive activities are being considered by
the. Government from the above standpoint and, in the
following, the present state of information processing
education at various school levels will be surveyed.
A. Computer education in colleges and universities.
There are now 377 colleges and universities in Japan. Of
this total, 143 are provided with graduate schools for
master's degrees and 106 for doctor's degrees. Since the
number of high school graduates going on to the colleges
and universities has notably increased recently, the
Importance of college is recognized far more than before.
Computer or information processing education in colleges
and universities must be considered from the following two
aspects.
(I) General education

How should computer education be presented in order
to provide the students with correct understanding of
computers and basic knowledge of the use of computers
as a powerful means of research?
(2) Professional education
What sort of system should be provided for promoting
research on computer and educating specialists who are
destined to establish information processing techniques?
In the following, the existing state of computer
education will be described from the above two aspects.
General Education: No sound development of information
processing can be expected if it is left in the hands of
narrowly limited computer specialists. Its development can
only be realized through cooperation of specialists in all
disciplines. Both from the above viewpoint, and also for
human beings to become capable of developing their future
with an independent spirit in the age of information that is
in the offing, it would be necessary to have all college
students see the potentialities and limitations of computers
and to provide them with knowledge and techniques for
correct use of computers in their respective, specialized
fields. Progressive inclusion of computer education in
general education is therefore desired and, as a matter of
fact, many colleges and universities provide computer
education as a part of general education. And, how the
contents should be in case an independent course
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(introduction to the information sciences or introduction
to the computer science) is established, or how the methods
should be in case computer is educated in subjects closely
connected with computing, such as mathematics, statistics
or accounting, are under study at the Computer Education
Committee of the Information Processing Society of Japan
and others.
Professional Education: With greater recognition of information processing along with development of computers,
reformation of curriculum in various departments, such as
mathematics, electronics, management and commerce, is
being undertaken from time to time, and departments with
their educational aim set at information processing total as
high as 20 to 30 (now, six universities established the
departments of information processing each). However,
these can hardly be considered as having adequately
consolidated the educational system for information
science or computer science. Various efforts are being
expended for further substantiation of such subjects. For a
whole country, the educational system for training
information processing specialists seems to be still far from
adequate, and measures pertinent to the subject are under
discussion not only among those connected with information processing but also at various government agencies.
However, whatever countermeasures may be adopted, it is
the absolute shortage of capable educators that will stand in
the way of the realization thereof.
In order to supplement the shortage of teachers, and, in
view of the broad area connected with information
processing, the establishment of a major course of
information processing that will connect with various
courses in the graduate school is strongly desired. Also, by
the establishment of the information processing course for
the undergraduate, it is expected to avoid training marginal
specialists with no future prospects.
At present, a total of 193 units of computers are
installed in the 114 colleges and universities out of the total
of 377, and at five locations (two more are to be added in
the near future) large-scale computer centres have been set
up for common use by the universities and colleges (Table
3.2). However, these are mostly for the purposes of
research; not many have been used for educational
purposes. Increase and reinforcement of educational
computing facilities have now become national problems
because of the view that actual use of computers is
indispensable to computer education.
B. Computer education in junior colleges
There are now 473 junior colleges in Japan. Most of
them are devoted to education of women; only a few
placing emphasis on scientific and engineering education. In
the circumstances, they feel, not much interest in computer
education generally and practically no junior college is
provided with a computer. Nevertheless in colleges with
industrial and commercial departments, many of them offer
introductory courses in compu ters.
Generally, junior colleges have been placing little
emphasis on the training of specialists, but there is a trend
towards reappraisal of these schools as organizations which
educate information processing personnel. Two junior
colleges have applied for the establishment of departments
principally purported to provide information processing
education.
C. Technical colleges
There are 60 technical colleges including five :nercantile
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marine colleges. Since technical colleges are schools where
engineers are trained from junior high school graduates
under the five-year system, high hopes are placed on them
for training as computer technicians. Education connected
with this subject is provided in the electronic and
engineering departments at most of these colleges, but there
are movements to offer subjects related to computers in
various other departments. Two schools have applied for
the establishment of a department with information
processing as its main purpose.
D. Computer education in high schools
Many people recognize the need for imparting a correct
knowledge of computers as early as possible and studies are
in progress in various circles as to how computer education
can be included into the regular high school courses.
Interest in commercial and polytechnic high schools
directly connected with vocational training is especially
intense with regard to the above matter.
The Government has entrusted the study of this problem to
Science Education and Industrial Education Councils, and
materialization of policies along with the reports of the
Council is in progress.(Table 3.3).
With regard to commercial high schools, joint field
training centres for commercial education have been
established at various places by local, autonomous
governments and six of them are provided with computers
which are used for data processing education by large
numbers of commercial high schools. It is known that
Tennoji Commercial High School in Osaka soon turned its
eyes to data processing education and that it has tried to
replete the education content in this field.
For regular high schools also, serious discussions are
being conducted at the Japanese Mathematics Education
Society and others with regard to education in mathematics
in this computer age. Short courses in programming have
also been offered high school teachers for their voluntary
training since 1968 under the auspices of the Japanese
Mathematics Education Society and in collaboration with
computer manufacturers and the Japanese Information
Processing Development Centre. Some universities have also
been holding summer sessions for junior and senior high
school students who desire training in this field. Reports
have revealed that these students have mastered the
assembler language and are deeply interested in the use of
computers.
With regard to computer education in high schools, it is
the concensus of opinion among thinking people, however,
that while high school teachers are not thoroughly
acquainted with computers, and the schools are not
adequately provided with training computers, adoption of
computer education as a skill without sufficiently a good
outlook should be avoided.
4. EDUCATION ACTIVITIES AMONG PRIVATE ORGANIZATIONS
Training related to computers is considered necessary in
all sorts of jobs in business organizatioris. Since computers
have rapidly become popular in recent years and computer
education is beginning to be taken up seriously in high
school education, business organizations must provide their
staff members with computer education. For meeting such
requirements, activities related to computer education are
lively at most private business organizations. Principal
activities are as described below:

A. Research related to computer education
In view of the fact that training of information
processing .specialists and education of knowledge and
techniques needed for high-level utilization of computers
have become socially important, the Japanese Computer
Usage Institute, in May 1969, organized Educational
Problems Study Conunittees (chaired by Toshio Kitagawa)
which performed study of various educational problems.
The Committee undertook clarification of problems and
investigation of various measures in three fields universities and colleges, re-education of employees, and
special training schools. The Committee submitted an
interim report in November of the same year; it included
suggestions regarding activities which the Government,
managements, private organizations, colleges and universities, should undertake urgently in connection with
computer education.
B. Education at computer manufacturers
.
Computer manufacturers employ large numbers of staff
for the development, production, sales and maintenance of
computer systems, and efforts are being made towards
education and training such personnel.
Two or three companies recently established schools
specializing in software. Also, all the manufacturers offer
short-term introductory courses and study sessions for the
user. Technical courses include introduction to the
computer system, programming languages and system
planning. And most include courses for management and
administrative personnel.
C. Education of computer users
Most computer user companies draft special educational
programs related to computers for their general staff and
administrative personnel, and implement them. In particular, many of the companies provide training for all the
newly employed staff members in order to familiarize them
with the computer. In the education of computer
specialists, technical courses and so forth offered by
manufacturers are frequently utilized, but some large-scale
firms provide special in-service training.
For example, Nippon Telegraph and Telephone Public
Corporation provides group training under a system
including basic course - on the job training - applied
course -on the job training - advanced course. Group
training is undertaken principally at the Central Telecommunication Training School which is the in-service training
organ of the Corporation. The school is provided with two
sets of computers for training. In 1968, the School
prepared FORTRAN and COBOLprogramming texts under
the program learning system, and under a programmer
training system built around self-study, the School trains
several thousand employees a year by employing only a few
instructors. Preparations are also in progress for extending
the result of this training to form the CAl system in which
local education institutions scattered in ten locations are
linked by means of data communication.
D. Computer education institutes
Beginning with two schools especially aimed at training
computer personnel established in 1965, the number has
increased annually, and today there are more than 30
schools of this kind. These schools have diversified histories
since they comprise those established by television engineer
training schools, by computer manufacturers, by cornputa-

tion centres and those that have been converted from telex
engineer training schools. Most of them offer operator and
programmer training courses and their term of schooling is
from six months to two years.
.
Students enrolled in these schools total nearly 20,000, 75%
of whom are upper secondary school graduates; about 20%
or so consists of college graduates and college students.
While computer schools face serious problems, such as
training of instructors, by enlargement of computer
facilities and improvement of educational content, they are
endeavouring respectively to meet the requirements of
society.
E. Education provided by other organizations
The Union of Japanese Scientists and Engineers has
been holding seminars since the early days in connection
with the use of computers, as stated before. Lately, various
organizations have joined in and are undertaking educational .activities related to the computer. The Japanese
Information Processing Development Centre established the
Central Training Institute in 1968 with the aid of the
Government. This Institute offers a six-month course for
training high-level specialists.
Besides, short courses and correspondence courses are
offered at various other organizations, such as the Japanese
Productivity Centre, the Japanese Management Association
and the Nippon Office Management Association. Of special
nature among such courses was the course in the COBOL
language offered certified public accountants by Japanese
Computer Usage Institute three or four years ago.
F. Education through radio and television
Nihon Shortwave Broadcasting Company pioneered
continuous lecture courses by mass-communication media
when it broadcast on radio a six-months' introductory
computer course beginning in April 1968 under the
auspices of computer manufacturers.From April 1969, the
Japanese Broadcasting Corporation began an introductory
FORTRAN course (Sigeiti Moriguti as lecturer) on
television. This course was presented over 26 weeks (one
hour per week), and it proved so popular that the textbook
issued for the course totalled 850,000 copies, all of which
were sold. Repeat presentation of this course has now been
on the air since October 1969. The Corporation has also
plans for presenting a course of the COBOL language during
1970. Two commercial broadcasters are also either
presenting educational television programs related to
computers or are planning to do so.
5. PRESENT AND FUTURE PROBLEMS
1) Supply and demand of information processing personnel
It is, of course, desirable for the sound development of
information processing to make education more substantial
at the regular schooling levels, but even though it may be
possible to hasten the establishment of the educational
system, the benefits can be reaped only a few years hence.
However, how the personnel shortage can be filled now is
the most serious question. From the long. range viewpoint,
it would be necessary to undertake prediction of the
demand by 'taking possible future changes in the quality of
such personnel and to draw up an effective education plan.
In this respect, studies by simulation are being attempted.
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2} Educational curriculum
Either in general education or in specialized education,
no appropriate curriculum and textbooks for various school
levels are available, and preparation of these items is an
urgent matter. In fact, a number of attempts have already
been made in this respect. It appears that, in the
preparation of curriculum for the departments to be
established, Curriculum 68, prepared by the Association for
Computing Machinery, serves as a good guideline. In
information processing education, including lower and
upper secondary high schools, there are powerful means
like films and television, but it is necessary to produce
films, etc., with reliable contents.
3) Teacher shortage and re-education of teachers
Many teachers with a proper understanding and
knowledge of computers and information processing are
required for powerful promotion of computer education,
and training of such teachers is considered a matter of great
urgency. It is also necessary to draw appropriate progress
for re-education of teachers other than specialists in order
to provide correct understanding of computers and
information processing.
4) Computing facilities for educational purposes
Availability of computers and peripheral devices is
indispensable to information processing education.
Financial affairs of schools, particularly at private schools,
are in dire need, because of the ceiling reached in tuition
and rise in personnel expenses and are in no position to
purchase new computer systems. In the circumstances,
solutions are being attempted individually by the help of
industry, but active measures of the Government are highly
desirable for overall and permanent solutions.
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Table 3.3

Courses proposed by the Science Education
and Industrial Education Council

(1) Course at commercial upper secondary schools.
Title of the course: 'Information Processing Course'
New subjects for data processing education
I. Management mathemathics
2. Introduction to electronic computers
3. Programming I
4. Programming II
(2) Course at Industrial upper secondary schools.
Title of the course: 'Information Technology Course'
New subjects for information processing education
I. Theory of programs
2. Electronic computers
3. Programming
4. Methods of numerical computation
5. Systems engineering
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COMPUTER SCIENCE
UNIVERSITY

OF

IN

THE

HELSINKI

Martti Tienari

The University of Helsinki is the biggest and oldest
university in Finland. Its student population amounts to
23,000 students. The university has seven schools (faculties): divinity, law, medicine, forestry and agriculture,
the humanities, political and social sciences, mathematics
and sciences. Computer science (in Finnish, a compound
word "tietojenkiisittelyoppi", translated "the science of
information processing") has been given to the School of
Mathematics and Sciences in the University of Helsinki.
This school has about 5,000 students and accepts about
1,000 new students every year. The Department of
Computer Science was established in 1967; its faculty
consists now of one full professor, two associate professors,
two assistant professors, six full-time and several part-time
instructors. In lower level courses we have about 500
students yearly, 200 of whom continue to more advanced
studies in computer science. We expect about 30-50
students majoring in our department yearly after 1971 for
the bachelors degree when our students have reached that
level.
What is the tone of computer science at the University
of Helsinki? Let me quote the study guide of the School of
Mathematics and Sciences (a free translation from Finnish):
"During the two last decades, many possibilities to
make the mental activities of men more automatic have
come within our reach, thanks to electronic digital
computers. The ever-expanding use of computers has
encouraged the need for education and research in the field
of automatic processing of information. The university
subject, computer science, intends to meet these new needs
of our age."
"As a subject for study, computer science can be
compared with mathematics, statistics, physics, and
theoretical philosophy which are its relative subjects.
Compared with mathematics which is the nearest relative
subject, it would be well for us to stress the more
algorithmic and constructive approach to the problems to
be solved. The functional and practical aspects are also
more central than in mathematics."
"Experimental laboratory work plays an important role
in the study of computer science, it is equally important in
computer science research. Computer science is independent of mathematics to the extent that it does not
necessarily require any supporting mathematics study at
university level. Mathematics is, however, a supporting
subject strongly recommended for every student intending
to major in computer science. Computers have enhanced
the general significance of mathematics. Many computer
applications are based on the use of mathematical models."
"The 'approbatur'level curriculum tries to give the
studen t the basic knowledge and skills necessary for him to
be able to design and program processing systems for

limited applications on an electronic digital computer. The
next level of study, the 'cum laude approbatur', further
deepens and broadens the understanding of techniques in
information processing. It also gives the student the skills to
work successfully on computer systems with applications in
real life. The 'laudatur'level curriculum is for students
majoring in computer science. It gives the possibility of
acquiring deeper knowledge in a special branch of the
subject. It is possible to assemble a quite theoretical, as well
as reasonably practical, course program in the 'laudatur'
level curriculum. For students aiming at a research career in
computer science, it is worth noticing that many open
research problems in this field are still today often very
concrete and of great practical significance."
Our students may now choose computer science as the
major topic of their study. We have defined the curriculum
for the orientation level 'approbatur', the broad knowledge
level 'cum laude approbatur' and the specialization level
'laudatur'. The study call be further continued towards
licenciat and Ph.D. degrees in the same way as in other
disciplines. We sometimes count the level of difficulty in
points equivalent to one week of student work; one full
student year is estimated as 40 points. In this scale our
'approbatur' is equivalent to 16 points, 'cum laude
approbatur' to 44 points and 'laudatur' to 80 points.
In order to get 'approbatur' in computer science, the
student must attend the following courses: (I) introduction
to programming (Fortran or Algol programming course),
(2) machine language programming, (3) computer applications and introduction to system analysis, (4) computer
laboratory work (5 small projects). The courses consist each
of 50 lecturing hours and 25 hours of problem solving
sessions. The laboratory work requires roughly the same
amount of effort as one theoretical course.
For 'cum laude approbatur' we require from the
students, in addition to the 'approbatur', the following
courses: (I) information structures, (2) systems programming, (3) computer design fundamentals, (4) two elective
courses: for example, administrative data systems, Cobol
programming. operations research, numerical analysis.
numerical methods of linear algebra. (5) extensive computer laboratory work.
For 'Iaudatur' we shall require after 'cum laude
approbatur': (I) a course in mathematical logic, (2) an
advanced course in systems programming. (3) three elective
courses: for example, theory of automata, formal language
theory, information theory. artificial intelligence, systems
programming, numerical analysis, operations research,
systems analysis, (4) completing a large practical computer
programming or system design project (approx. 300
working hours), (5) written thesis (..pro gradu paper").
The policy towards mathematics requirements attempts
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to rmmrmze the use of mathematics, at least in the lower
level courses. However, many elective courses are open only

to students with 'cum laude approbatur' in mathematics. It
will take many years yet before we will be able to offer
enough variety in elective courses. Now, we are able to

teach only the obligatory courses and a small collection of
electives. The expert knowledge and research interests we
have in our faculty consists of numerical analysis, systems
programming, automata theory, operations research and
systems analysis.
I will try to list the goals we have had in mind when
building the computer science curriculum. They are: (I) to
train research workers in the computer science field, (2) to
teach the. basic skills and the way of thinking for people
aiming toward the data processing, (3) to orientate
specialists from other fields in the information processing
techniques, (4) to augment the general mathematical
education with constructive and practical reasoning.
Surprisingly, I have noticed that goals I and 4 motivate the
best students and not 2 and 3, as [ was expecting when I
began teaching. The impact of the students has been so far
to make the curriculum more theoretical than we had
originally planned.
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1. INTRODUCTION
The unprecedented growth of the computer field in the
United States has created a severe imbalance in the supply
and demand situation for experienced personnel.
It is currently estimated that more than one million
Americans derive their income directly from computing,
either through work with computer-based organizations or
with users of EDP equipment and services. Included in this
total are approximately 225,000 individuals in each of the
following three categories: systems analysts, computer
programmers, and operators and associated technicians.
With the number of installed general purpose computers
in the U.S. expected to increase from a present level of
approximately 60,000 to 120,000 by 1975, it is anticipated
that the total demand for personnel in the three categories
mentioned will also double. While there has been dramatic
growth in the EDP facilities and programs offered by U.S.
institutions of higher education, there is little likelihood
that such schools will be able to meet the anticipated
annual demand for 100,000 additional systems analysts and
programmers.
In the past, the computing field has drawn heavily on
the existing manpower pool within industry and business.
However, this source is expected to playa decreasing role in
meeting future needs. This stems in part from the
increasingly complex demands placed on EDP personnel
and on 'unbundling' and its associated affect on vendorsponsored training programs. Private educational programs
offered by manufacturers, service organizations, consulting

firms, and others will help meet these needs. General
economics, however, indicate that such programs will account for a relatively small fraction of total requirements.
Looking to the future, the major sources of manpower will
be academic institutions, area technical training schools,
and specialized private schools. Unfortunately, in many
instances these bodies at present lack the required programs, resources, and facilities. As a result of these needs,
and spurred on by the glamour and mystique of the
computer, private EDP schools have sprung up across the
U.S. and are flourishing in almost every area where EDP
personnel are in demand. Until quite recently, there has
been almost no data. available on these schools and very
little regulation of their activities or standards.
However, during the past year guidelines were established for such schools by two of the leading U.S.
associations and currently efforts are underway to unify
these guides and strengthen them as necessary in keeping
with industry requirements. In addition, the American
Federation of Information Processing Societies (AFJPS)
conducted a pilot survey in order to assemble basic data on
the scope and offerings of such schools.
While there has been more heat than light in many past
discussions of private EDP schools, it appears evident that

they have the potential to become an important asset to the
computing field through the preliminary training of personnel for a variety of jobs including keypunching, computer
operations, and business applications programming.
The following sections will cover a brief synopsis of the
current state of EDP training at the college and university
level, a discussion of the current status of private EDP
school education as well as recommended .actions, and a
review of additional research required to effectively meet
national manpower needs. While data presented is confined
to the present situation in the United States, it is believed
that these conditions will apply in many other world areas
as computer usage expands and matures.
2. PROGRESS IN HIGHER EDUCATION
The proliferation of private EDP schools has been given
impetus by the inability of U.S. institutions of higher
learning to keep pace with the national demand for trained
personnel.
An analysis of recent trends and expected developments
indicates that colleges and universities are closing the gap.
However, progress will not be as rapid as we would like.
Lack of sufficient institutional funds and related Federal
grants remain a major obstacle.
The best source of available data in this area is believed
to be the ongoing work of the Computer Sciences Project
of the Southern Regional Education Board in Atlanta,
Georgia. Under the direction of Dr. John Hamblen, the
Project has produced valuable information in areas ranging
from capital expenditures and installed hardware to degree
programs and enrollment for colleges, universities, and twoyear institutions. An examination of this work, and
especially Dr. Hamblen's report on COMPUTERS IN
HIGHER EDUCATION, 1 provides considerable insight into
recent progress and possible developments.
Using this work as a reference, it is estimated that
expenditures by U.S. institutions of higher learning for
computer equipment and its operation increased from $103
million in 1964-65 to a projected level of almost $300
million in 1968-69. Growth in total enrollment was even
more dramatic. Estimates for total enrollment for 1964-65
showed approximately 4,300 undergraduates and 1,300
graduate majors in computer science, data processing, information science and related programs. In 1966-67, these
figures jumped to over 22,000 undergraduates and 5,000
graduate majors - roughly a five-fold increase.
Turning to degree programs, we also see considerable
progress. By the fall of 1966, 226 programs were offered
and an additional 331 were planned for implementation
between then and the fall of 1969. Of the projected total of
557 programs, Computer Science curricula accounted for
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40% of the total and Business Data Processing was expected
to account for 32%. Remaining programs covered some 16
different designations, including such areas as Information
Science and Computer Science options in mathematics.
However, these figures present only part of the picture.
In terms of total enrollment, an estimated 70% of all undergraduate majors are enrolled in data processing, as opposed
to computer sciences. In addition, the vast majority of
these students are pursuing associate degree programs at
two-year institutions.

2.1. Future Prospects and Recommendations
Looking to the future, U.S. colleges and universities will
probably spend a half billion dollars in 1970-71 for computer equipment and services. This figure may well reach
the billion dollar mark in a relatively few years.
Based on this level of expenditure, and taking into
account past trends in enrollment and also data covering
computers on order, approximately 40 to 50,000 undergraduate computer science and data processing majors may
be enrolled in 1970-71 together with an additional 10 to
15,000 graduate students.
It is conceivable that enrollment could increase to
100,000 undergraduates and 30,000 graduate majors at
some point in the seventies. But even such an accelerated
growth will not be sufficient to meet projected total U.S.
needs, although there appears to be an excellent chance
that the colleges and universities may be able to meet our
expected demands for computer scientists, research and
development personnel, and highly-trained specialists.
There is no simple answer to the supply and demand
problem. The optimum solution requires a broad national

program involving coordinated long-range planning; increased financial assistance; closer liaison among professional groups, governmental bodies, industry, users of EDP
services, and the academic community; improved statistical
research; and greatly expanded assistance to the smaller
colleges and two-year schools.
To date, much of our student population, facilities and
funding have been concentrated in the larger universities. In
terms of curricula and enrollment, schools offering
programs up through the PhD level provide the vast
majority of programs in computer science but only to to
12% programs in business data processing. More than 60%
of all undergraduate computer majors in schools offering at
least a four-year program attend these institutions, along
with 87% of the graduate majors.
Degree programs in computer science will undoubtedly
flourish at these schools. But we have only scratched the
surface. The 1,300 U.S. institutions which offer the masters
or bachelors degree as their highest level account for only
20% of the current EDP-related degree programs. And the
vast majority of our 800 two-year colleges do not offer any
formal programs in computing.
It is evident that we stand to accomplish much by
working more closely with our smaller colleges and junior
colleges, in addition to continued cooperation with the
larger schools. Current programs must also be strengthened.
Dr. Hamblen had estimated that only 44% ofthe bachelors
degree programs reported in 1966-67 had both adequate
hardware and adequate course offerings. The corresponding
figure for accociate degree programs was 57%
While the 1967 report of the U.S. President's Science
Advisory Committee recommended that 75% of all college
students should have a meaningful exposure to the
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computer, more than one million students today have no
access to compu ter facilities. If this situation is to be
remedied, the answer lies beyond the colleges and
universities. The only viable solutions are national programs
to create awareness and to stimulate concerted action.
3.

PRIVATE EDP SCHOOL EDUCATION

The great demand within the computing field for
keypunch operators, operators of peripheral equipment,
machine operators, and programmers has spurred extensive
activity within the area of vocational training. While many
two year junior colleges offer programs which are
vocationally oriented, the major activity in this area has
been that carried out by the private EDP schools. Also
numerous area technical training schools have been
established, based on public funds, offering programs up to
the two year level.
During the recent years, the private EDP schools have
aggressively advertised their ability to properly train
individuals for positions in the computing field as
technicians, operators, and programmers. Until quite
recently, there has been almost a total lack of information
available on these schools and their operation.
Recent listings indicate that there may be as many as
one thousand of these schools in operation in thc United
States. Based on this, and on current needs for EDP
manpower, AFIPS undertook a small pilot study to
ascertain a rough approximation of the number of
individuals which these schools may be contributing to the
total manpower pool. In addition, it was hoped to learn
something concerning the types of courses offered and their
length.

3. I. AFJPS Pilot Study
The Pilot Study' was carried out during the rail of
1969 under the direction of Dr. Bruce Gilchrist, AFIPS
Executive Director. The mechanism used was a brief, one
page questionnaire which was mailed in mid-August to 207
EDP schools listed in the telephone directories for the ten
largest U.S. metropolitan areas. The questionnaire
requested that each school provide the course name,
number of class hours, and estimated number of 1969
graduates in each of three general areas: programmer,
computer operator, and 'other'. In addition, each school
was asked to list its metropolitan area.
Forty-one completed questionnaires were returned for a
21 percent response. In addition, 6% of the questionnaires
were returned by postal authorities with the indication that
the schools in question were no longer at the listed address
and had left no forwarding information. Such a response
leaves a great deal to be desired. However, the results
provide some general insigh t - including the fact that
almost 80% of the schools declined to reply, even though
they could omit their names.
As indicated in table 1, the responding schools expected
to produce approximately 15,000 graduates in 1969. If, as
a very rough estimate, these figures are extrapolated to an
assumed universe of 500 operating schools, and if a
drop-out rate of 20% is assumed, we arrive at a projected
total of 168,000 graduates per year. Even if we cut this
figure in half to take into account the larger schools
included in the Pilot Study, we still come up with a
projected total of 84,000 graduates per year. This figure is
probably conservative as recent estimates indicate that

there are at least 800 schools currently in operation.
Using the latter figure as a base, we can further estimate
the number of programming graduates as approximately
45,000 or 53% of the total. Corresponding figures for
computer operators are 8,000, or approximately 10%.
Input received on the number and length of the various
courses offered was also of considerable interest. As shown
in table 2, 44 courses were reported in programming, most
of which ranged from 400 to 700 hours. It is presumed that
the variation in length of courses offered represented
different levels of training.
It is also evident from table 2, that a significant number
of courses were offered in the ranges of 900 to 1,000 and
200 to 300 hours, with the names of the shorter courses
emphasizing special languages as COBOL, RPG, and Basic.
The 'weighted average course length' for the courses
reported in programming was 503 hours. This figure was
arrived at by dividing the total 'student-course hours' by
the number of expected graduates.
Seventeen schools reported courses in computer
operations, as shown in table 3. These varied in length from
48 to 540 hours with most courses falling in the 100 to 150
hour range. The weighted average was approximately 200
hours. In addition, it will be noted that the most frequently
offered courses were at the levels of 125, 250, and 400
hours.
In keypunching, as shown in table 4, 14 schools
reported courses varying from 36 to 300 hours, with a
weighted average of about 90 hours. In addition to these
courses, 5 courses were reported on EAM equipment,
averaging about 100 hours; 3 courses of 1,000 hours all
computer technology were cited, apparently aimed at
producing maintenance technicians; and a few general
computer orientation courses were listed.
It is evident from these data that private EDP schools

undoubtedly represent a $100 milIion-a-year business in the
U.S., turning out in sheer numbers enough potential
applications programmers and/or computer operators to
meet industry and business needs. However, far too little is
known about the general aptitude, level of training, and
overalI capabilities of these students or the extent to which
they are finding suitable positions within the computing
field. It is evident that a great deal of additional research is
mandatory, coupled with a concerted effort to improve
standards in areas where training is found to be sub par.

Number of Schools Reepondfng
Expected nu~ber of 1969 Graduates
Progr.::amllir.z
Computer Opera t ions
Key Punching
Other
Total

7,994
1,446
4,359

-1.dQ9....
14,999

TABLE I
Summary of !lumber of Expected. 1969
Grflc:!uates by Type of cours c

100- 199

3

s

200- 299

•

300- 399
"'00- 499

500- 599

•

600- 699
100- 799

2

800- 899
900- 999
1000-1099

AV~r&ge

!.eusLh - 585 Houu
Median LClSth - 500 Rouu

3
____
2

llO()+

3

TABLE II
Nu:mber of ProgrlUlllllinS Courses by Length of Course

Hours

<50

----!

.

50- 99
100-149

150-199

,

200-249
250-299
300-349

-..1

350-399

Average Length - 214 Hours
Median Length - 180 Hours

400-499
450+

3.2. Regulation and Accreditation
Present regulation of private EDP schools is by local
and state requirements, and to a lesser extent through
voluntary accreditation by the three national organizations
approved to accredit such schools by the U.S. Commissioner of Education. Local regulation is usualIy confined
to obtaining the license to operate a particular type of
business in accordarice with general zoning, safety, and
health requirements.
State regulations and accreditation vary widely. A
number of states have fairly stringent requirements, whilea
few' have no requirements at alI. In between is a wide
variation ranging from minimal standards not sufficient to
assure protection of the public interest, to more extensive
regulations which, unfortunately, are often not in keeping
with current industry needs.
Further information on state regulations may be
obtained from a survey conducted during 1969 by the State

TABLE III

NlIJIlber of ceepueee Operations Courllell by Length of Course

Number of Schools
Nucbe r of Courses

Number of Graduates
Aver,e.se number of
Graduateo/School
Avere.g2 ccur-ee Leng t h

M2dien cource Lengt h

14
14
4,359
311
101 hours
78 hours

Weighted Average
cour-se Length

91 hours
TABLE IV

Statisti.CB eu Key Punch Courses
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of Michigan. In addition, a number of groups have compiled
extensive information in this area. Included are the
Association for Computing Machinery (ACM), Control Data
Institute, the Data Processing Management Association
(DPMA), and the Education Committee of the Business
Equipment Manufacturers Association (BEMA).
Accreditation at the national level is carried out by the
Accrediting Commission For Business Schools (ACBS), the
Accrediting Commission of the National Association of
Trade and Technical Schools (NA TIS), and the Accrediting
Commission of the National Home Study Council (NHSC).
Of particular interest are the two national bodies which
accredit private EDP schools offering hands-on training. To
date, these organizations have accredited only a minority of
the total number of schools. In part, this reflects the
voluntary nature of the accreditation and the requirement
that a school must be in operation for two years prior to
the granting of approval. In the case of NATTS, 45 private
EDP programs are listed as accredited in its 1969-70
directory.
The accrediting process, as outlined by NATTS, begins
with the objectives of the applicant school. Each school is
judged in light of its announced objectives and is required
to fill out a self-evaluation report prior to an examination
of the school by the accrediting body. The report covers a
wide number of areas including objectives, resources,
programs, procedures, and achievements to date.
Once the self-evaluation report has been received in the
Commission Office, arrangements are made for a team of
knowledgeable individuals to visit the school. The team
normally includes persons having first hand experience in a
number of areas: management, administration, and business
aspects of school operations; trade and technical school
instructional methods and educational processes; and
subject matter for each major field offered. In addition, a
representative of the Commission serves as part of the team.
The team report may be supplemented by additional
material or studies relating to a sampling of enrollees,
drop-outs, and graduates; reviews of instructional material;
and evidence of good reputation among persons or agencies
in a position to provide this information.
Once all material has been gathered, the Accrediting
Commission reviews the evidence and reaches a decision on
the school's application. Upon accreditation, a tentative
time is set for complete reexamination of the institution
within the next five years. In addition, annual reports are
required of all accredited schools and the Commission may
request special reports or additional evidence of continuing
compliance with standards.

3.3.Establishing A Plan ofAttack
There is no simple method for assuring that training
given to qualified individuals by private EDP schools will
meet current and expected industry and business needs.
Responsibility lies with all parties concerned.
The schools have the responsibility to properly screen
applicants, provide required instruction and facilities,
maintain sound business and financial policies, and to
maintain an active interface with the EDP field.
Employers have the responsibility of realistically
determining present and projected future job requirements,
adopting sound policies for promotion based on equally
sound organizational structuring, implementing such
requirements and policies through the actions of their
various departments, and maintaining a constructive
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dialogue with reputable private schools in their area.
Professional groups, industry and business associations,
and the accrediting bodies also have a responsibility for the
preparation and distribution of guidelines for the proper
operations of these schools.
Recognizing this need, ACM and DPMA independently
produced sets of guidelines for EDP schools during 1969.
Both are intended to assist the schools in achieving
improved standards in the training of students for
entry-level positions.
The ACM guidehnes? provide basic minimum requirements for EDP schools, both public and private, and arc
also intended for the usc of accrediting agencies and the
interested public - including guidance counselors and
prospective students. These guidelines, which are keyed to
business applications programming, cover a range of areas
including school objectives, admissions policy, placement,
qualifications of instructors and persons responsible for
curriculum development, instructional materials, text
materials, and testing.
While DPMA's guidelines' arc in general harmony with
material covered by ACM, its document stresses appropriate
training objectives for private schools, rather than the
means for reaching such objectives. In addition, the guides
cover keypunch operation, card punch machine operation,
and computer operations in addition to applications
programming.
In recognition of ongoing needs in this area an informal
Ad Hoc Committee was formed during the fall of 1969 to
examine current standardsand accreditation. In addition, a
prime purpose of the Committee is to act as a forum for the
exchange of views and information concerning computer
education at all levels below four year college programs.
This Committee is concentrating on three primary
areas: (I) the preparation of a single, unified set. of
guidelines setting minimum requirements for EDP schools,
(2) the furthering of statistical research on manpower in the
EDP field and, (3) the development and exchange of
information on the desired educational background for
various entry-level positions in computing, keyed to
projected industry needs.
Dr. Bruce Gilchrist. AFIPS Executive Director. is
Chairman of the Committee. To date, participants include
representatives from such organizations as ACM, DPMA, The
American Association of Junior Colleges, the three national
accrediting bodies, BEMA, The National Commission on
Accrediting, The U.S. Office of Education, and The
American Vocational Association.
Recent emphasis has been on the preparation of unified
guidelines for use by EDP schools, vocational groups, and
the accrediting bodies. To implement this objective, two
sub-committees were established. One has been concentrating on required educational standards and related
hardware required for hands-on usc. The second sub-committee has been examining existing standards covering
business practices and ethical conduct to assure that
uniform, realistic standards arc required of all schools
receivingaccreditation.
Presently, it is hoped that a unified set of guidelines will
be available during the fall of 1970.

3.4. Achieving Improved Standards and Performance
There seems little likelihood at the present time that
the schools will form an association and undertake
self-policing. To the contrary, many of the major schools

appear to favor outside assistance in the development of
educational standards and proficiency requirements.
Executives of Control Data Institute (COl) and
Electronic Computer Programming Institute (ECPI), major
operators of private EDP schools in the U.S., have carried
this a step further. Leon Cooper, Director of COl of San
Fernando Valley in Los Angeles, endorses the concept of
the common set of guidelines and recommends that each of
the 50 states adopt these guidelines as minimum
requirements". Mr. Cooper also suggests that new schools
be licensed on a conditional basis for a period of at least six
months, in order to give stare authorities the opportunity
to evaluate the school's capabilities, performance, and
financial resources. Further licensing would follow on a
year to year basis. Once the school has been in operation
for two years, he recommends that it be required to apply,
and be approved for accreditation, by either NATTS or
ACBS. He also suggests periodic on-the-scene management
audits of the schools by state representatives.
Sidney Davis, President of ECPI, has addressed the same
problem of improved standards from a different aspect. He
proposes a uniform, nationwide proficiency examination
for all entry-level applications programmers. Commenting
that many people responsible for hiring personnel can not
be objective in interviewing programmers lacking a college
background, he sees this test as one objective technique for
measuring competence of job applicants, regardless of their
previous education. He also recommends that the examination be developed by a representative group of
manufacturers, user organizations, employers, and educators and that it be administered by an independent body.
3.5. Problems and Prospects
One of the most critical problems facing the properly
managed, ethical school concerns acceptance by industry
and business of its programming graduates. Here a
reappraisal in several areas may be required if we arc to
provide a constructive interface with the schools.
In recent .years there has been a trend to require that
entry-level programmers have a college degree. According to
a study published in September 1968 by the Office of
Education, U.S. Department of Health, Education and
Welfare 6 , 61 % of 353 business data processing managers
surveyed indicated that they preferred that programmers
have a degree. In addition, over 60% indicated that
educational background was a substantial factor in
determining the programmers chances for promotion. Also,
a significant number of firms indicated that they preferred
that their computer operators also have at least some
college education.
Much needs to be done in answering questions relating
directly to job requirements, especially those in the
"para-professional" are", For example, is it critical that all
entry-level business applications programmers have a college
degree? Where the asnwer is "no", but the potential
employer is not satisfied with EOI' school graduates, what
must the schools do to meet current needs? Can these
schools conceivably do it with present curricula and
resources? And, equally important, what do we believe our
actual minimum requirements will be three to five years
from now?
Curtailing the activities of the poorer schools is only
part of the problem. If we give tacit approval to the better
schools, encourage them to improve their standards and
adopt recognized accreditation, but then turn their better

graduates away as a matter of policy we will have
committed a serious disservice to our profession.
Certainly there is an urgent need to weed out the
disreputable schools or those providing grossly inadequate
training. The abuses of a few and the poor training provided
by others is damaging all parties concerned. A recent survey
conducted by AFlPS and the National Better Business
Bureau within the United States indicates considerable
public dissatisfaction. Of 57 urban areas surveyed, I I
reported serious dissatisfaction with such schools although in a number of cases a relatively few schools were
believed responsible. However, when specific questions
were asked, most areas reported at least one serious or
frequent problem area. Among the most prevalent
complaints were:
Problem Area

Urban Areas Reporting
Dissatisfaction
c

I.
2.
3.
4.
5.
6.

Misleading Advertising
Admission of Unqualified Students
Financially Unstable Schools
Inadequate Tuition Refund Policy
.•
Inadequate Training
Graduates Unable to Find Employment
In Positions They Were Trained For

25
23
18
17
14
14

3.6. The Positive View
Information provided earlier this year by two diverse
EOI' training programs in the Los Angeles area, give an
indication of positive results that can be accomplished. This
information was provided by the Control Data Institute
Schools in the Los Angeles area and that City's Urban
League Data Processing Training Center. In addition, COl
has provided some information covering its overall
operation.

Nationally, COl has a total of 36 EOI' training schools,
18 of which are franchised operation. Total yearly
enrollment is estimated at about 15,000, with about 8,000
students pursuing courses in programming. According to

COl, the attrition rate is about 307,. Total enrollment at
anyone time is estimated at approximately 3,700 students
with about 1,400 enrolled in the franchised schools.
Data furnished by Leon Cooper, Director of San
Fernando Valley Control Data Institute, indicates considerable success in the training and placement of graduates.
According to Mr. Cooper, his school shows a cumulative
placement record of over 907r. This covers 317 students
graduated during the period since the schools formation in
1966 to January of this year. Reported figures for 1969
indicate 110 placements out of 120 available graduates.
While we lack figures on total enrollment and enrollment
by type of course, Mr. Cooper has provided overall data on
cumulative placement as shown in table 5. As can be seen
from these data, 12 I graduates have been placed as systems
analysts, programmers, and junior programmers.
As a matter of policy, according to Mr. Cooper, the
school sends a formal questionnaire every three to six
months to employers of their graduates requesting feedback
on quality of performance. Where dissatisfaction is
indicated, the employer is contacted to ascertain the facts.
Mr. Cooper states that this procedure and additional
meetings with employer representatives have been
extremely beneficial. For example, he states that such
dialogue has brought about a substantial number of changes
in his courses and areas of emphasis.

TABLES
Profile of Cumulative Placements San Fernando Valley Control Data Institute
(1966 through January, 1970)
Area of Training
Systems
Programmer
Jr. Programmer
Operator/Programmer
Computer Operator
Tab Operator"
key Punch
Other""
Total

Total Graduates Placed
22
70
29
27
52
19
50
48
317

program now discontinued
"" includes such positions as supervisor, coder, data
control clerk, and tape librarian
This is, of course, but one school in a particular
geographic area. Data provided by Mr. Cooper on the five
Control Data Institutes in the Los Angeles area provides a
student profile, which mayor may not be typical of other
urban areas. For example, reported data on over 400
students indicate that about 70% had previous education or
training beyond high school. A considerable number
indicated some college education or training while in the
military.
In addition, most students were working full time while
attending COl, had taken the college preparatory course in
high school, had served in the military, and were married.
Approximately 80% were in the 18 to 40 age bracket with
22 to-·25 year olds accounting for the most common age
level.
The Urban League Program presents an entirely
different concept and has established a record which
deserves careful consideration as a measure of what can be
accomplished through rigorous screening and training
methods.
The Data Processing Training Center was established in
September 1968 to undertake a program directed to
individuals of all races who are underemployed or
unemployed, but who possess the necessary aptitude and
who are willing to adhere to the Centers demanding training
schedule. The Center currently offers a four week course in
keypunching, a six week course in computer operations,
and a twelve week course in COBOL programming.
Screening is selective and hours are long. According to the
Center, only 10% of those who apply and are tested meet
entrance requirements. The atmosphere of the courses is
keyed to industry conditions. It is reportedly not
uncommon for students to spend 10 to 12 hours, or more,
per day at the Center, supplementing class hours by
additional work and practice on available equipment.
Accosding to the Center, the prime objective is the
ultimate success of the graduate on the job, which, in turn,
is based on a combination of employable skills, the ability
to get along with fellow employees, and the ability to
cummunicate with others in discussing the field.
By February of this year, according to data supplied by
the Center, 88% of all graduates had been placed, many
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with top companies. Of 165 graduates, all were hired for
the job they were trained for. In programming, excluding a
class graduated earlier this year, placement has run well over
90%. Of 34 programmers placed as of that time, 32 had
been successful as programmers, one had gone into an
unrelated business of his own, and one was terminated
because of pOI" attendance.
In discussing the success of the program, a spokesman
for the Center pointed to certain essentials which he
believes are necessary to achieve such standards:
.
" Proper facilities, atmosphere and equipment
" The latest hardware, on-site for hands-on use
" Superior instructors who are aware of what is going on
today in industry and business
Rigid screening of applicants
"Total emersion" in" the subject matter to simulate
on-the-job conditions
Maintenance of rigid performance standards
Adequate financial resources to permit proper training
at all levels

3.7. The Total Picture
Private EDP training has the potential to meet many of
our needs, providing that higher standards are maintained.
Sound accreditation is essential to this effort. However,
such accreditation should be flexible enough to allow for
innovations by' individual schools as a safeguard against
strict regimentation which might well lead to long-term
mediocrity. In addition, there is need for a certain measure
of state control, the development of proficiency measure'
ments, and increased dialogue among industry, business, the
professional groups, and the schools themselves.
There is little doubt that many thousands of individuals
are at this very moment looking into these schools and
selecting one for enrollment. The computing profession has
a responsibility and a roll to play in fostering sound,
realistic education at this level. We can hardly afford to ignore
the situation. At a minimum, industry and business,
together with professional groups, should take constructive
action at the local, state, and national levels to promote the
exchange of information and ideas leading to improved
training. In view of current manpower needs in the
computing field, this would serve a less than purely
altruistic purpose.
At the local level, U.S. computer organizations and
major employers of EDP personnel can playa major role
through individual efforts or collective action. In addition
to liaison with EDP schools, such efforts might include cooperation with Better Business Bureaus, Chambers of
Commerce, local chapters of professional groups, educational and guidance organizations, state employment service
offices, and similar groups.
The public must also be educated as to the basic
requirements and rewards inherent in a career in the
computing field. Thousands of individuals each year enroll
in poorly run schools, or in courses for which they have no
aptitude due in part to a lack of readily available
information. In an effort to assist in this area, AFIPS and
the National Better Business Bureau published an information booklet, "Careers, Computers, and YOU", 7 which
provides general information on the computing field, EDP
systems, job opportunities, and required training. In
addition, it provides a set of ten "guidelines" designed to
assist the consumer in selecting a private EDP training
program should he wish to pursue this as an entry route

into the computing field.
It would be fallacious to imply that private EDP schools
are the primary resource currently available to the U.S.' cornputing field in meeting its manpower needs. On the other
hand, the time has come to thoroughly investigate education
in this area, to determine the role such schools should play,
and to take every possible action to assure that the education
which they provide is sound for the job area involved. To do
otherwise would be to shirk a major responsibility and to
undermine the public faith in our profession.

4. DETERMINING OVERALL NEEDS
If planning for required manpower. and related
education and training is to be realistic, it must be based on
a sound knowledge of Our current situation, potential
resources, and anticipated growth. This in turn requires
in-depth statistical information and projections covering a
wide variety of areas including hardware, software, manpower requirements at various levels, educational facilities
and curricula, corporate hiring policies, and industry entrylevel job requirements.
On the surface, there appears to be little shortage of
raw data and projections. But even where figures cited
appear valid, all too often we lack requisite background
detail on such information and a common data base to
work from.
This problem extends to many efforts undertaken by
the Federal Government or carried out under federal grants.
And it has been compounded by the historic unwillingness
of many major organizations and groups to make overall
statistical data available, or to reveal its general statistical
base so that it may be accurately combined with other data.
Considerable data is available at the governmental level.
However, at present there is no central mechanism to pull
'this data together, analyze and distill it, establish common
definitions and statistical bases, and provide a coordinated
procedure for frequent up-dating. In addition, there are a
number of key areas where only limited information is
available.
Faced with this situation, it is critical that we establish
a sound source of information on our field, a cornmon data
bank which can be consistently updated to serve-as a key
tool in our decision making. Without such information, it
will be most difficult to properly assess our manpower
needs and to provide the academic community and
governmental agencies with needed data to serve as the
basis for the allocation of required resources and funding.
4.1. Proposed AFIPS Studies
Professional societies have a major obligation to assist in
determining needs, resources, and required actions.
However, strong industry cooperation and support is
required if such efforts are to be meaningful. In line with
this, AFIPS hopes to initiate three statistical research
programs within the next year, providing necessary funding
and cooperation can be obtained. These include a proposed
survey of EDP manpower furnished by sources other than
four year colleges, a broad program to correlate present
statistical data on the information processing field, and an
in-depth survey of the membership of professional societies,
The first of these is an outgrowth of the AFIPS pilot
study of private EDP schools. It is envisioned as a two year
program to determine quantitatively the manpower require-

ments in various skill categories in the computer field for
non-four year college graduates, and to determine how well
the various types of educational instructions are meeting
these needs. Specific attention will be paid to private EDP
schools, two-year colleges, and area technical training
schools.
Preliminary survey plan calls for a sampling of
computer installations across the country to determine
present and future staffing needs for a number of positions.
Information will be sought on the education and skill levels
of present employees and, in addition, an effort wi1l be
made to determine present attitudes toward hiring
non-college graduates as junior programmers. EDP schools
and community colleges will also be surveyed to determine
the number of graduates they expect to produce who may
be able to flll the various positions outlined by industry. In
addition, surveys will be made of new employees in the
computer field and of recent graduates of EDP schools and
two-year colleges to determine their opinions on the
relevance of their training and the extent to which they are
finding appropriate jobs.
The proposed overall study of statistical data on the
information processing field is viewed as a continuing effort,
It is aimed at providing a periodic updated summary of
basic information for use by industry, government, the
academic community, and others whose decision making
process requires statistical input. The study will concentrate
initially on determining what data has been collected and
whether or not it is available - even if under specified
terms of confidentiality. Where necessary, small sample
surveys may be made to test the validity of gathered data or
to fill in gaps.
While emphasis will be placed on overall manpower
information, the proposed study will also include considerable information relating to hardware and software.
The third study is a proposed survey of personnel in
professional societies and groups serving the computer field
and will concentrate largely on AFIPS' membership. As
such, it will constitute an updating and major expansion of
a similar survey carried out by AFIPS in 1968. Present
plans call for the gathering, analysis, and presentation of
information covering general personal data, education,
employment, professional activities, and salaries.
Such studies, and others in related areas, are essential to
the orderly and efficient growth of the computing field.
However, unless there is a commitment and a sense of
urgency on the part of all concerned, many badly needed
projects and ongoing programs will flounder, or will prove
of only limited value. Everyone in our field has a stake in
the outcome. None of us can afford to play the role of
interested observer.
5. SUMMING UP
The U.S. computing profession is in a critical period of
its growth. This is nowhere more evident then in its search
for needed manpower. Our systems, no matter how
sophisticated, are no better than the people designing and
using them. With this in mind, there are at least three areas
where much can be accomplished through concerted.
coordinated effort:
* Valid" comprehensive statistical research pointed to
realistically determining our present and future manpower needs and potential resources.
Closer cooperation with our universities, colleges, and
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junior colleges, and area technical training schools
through various forms of assistance pointed towards (I)
the establishment of additional programs and facilities
in the computer sciences and data processing and (2) the
strengthening of existing programs.
Constructive action and cooperation with the private
EDP school sector aimed at determining their legitimate
role, improving educational and training standards,
curtailing the activities of inadequate schools, and
providing employment opportunities for graduates who
have been properly trained for entry-level positions.
AFIPS, as an organization chartered for scientific' and
educational pursuits, has a strong interest and commitment
in all of these areas. Specifically, its involvement is basedon
two major objectives:
(I) To better understand the overall supply and demand
picture within the computing field, and
(2) To do what it can to assure that training given to people
is appropriate for jobs available.
While this paper has dealt with the current and projected
situation within the United States, many of the principles
involved are international in nature. AFIPS welcomes the
opportunity to work with all concerned groups in the
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development of international programs of value to the
computing profession. Wecannot afford a parochial outlook.
Tomorrow's needs will not tolerate it.
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EDUCATION OF

THE COMPUTER PROFESSIONAL
Albert H. Wright

The demands for computer staff continue unabated and
these demands are tending to be met by less well qualified
candidates at salary levels which are higher than those
which have previously been paid. The apparent shortage of
staff has led to frequent movement from job to job and this
movement has, itself, contributed to the apparent shortage
and to the low level of experience in the migrants.
With less movement, the productivity and quality of the
performance of our systems analysts and programmers
could, surely, be greater. Good productive time is wasted
in:applying for appointments - or studying applications;
being interviewedor interviewing;
being selected or selecting;
learning about a new set up;
searching for and picking up threads left by a predecessor;

complaining about the predecessor's incompetence
before starting the job all over again.
If we had people with better continuous experience
(rather than people with experience which can be more
accurately described as I years experience 5 times over,
than 5 years experience) our work would, generally, be
much more effective. Development training, allied to a
good continuous experience could lead to further substantial improvements in performance, and, if we know better
how to manage our operations, we might find that we do
not need more people: certainly the demands for more
could be reduced.
These observations lead to the suggestion that hardly
anyone who is currently practising computing has been
adequately trained for this task and that training arrangements for future recruits to our profession are
inadequate and poorly structured.
It can, of course, be argued that in spite of this
suggestion, the progress which our industry has made
within a very short period of time has been quite
remarkable: and this, indeed, is undeniable.
But, the expectationjs Widely held that considerably
greater progress will again be achieved in the next few years
and we should be concerned that the foundations which
have been laid in the past will prove to be unsound and
unable to bear the structures which-are about to be erected
upon them.
Again, it may be said that there is no cause for concern
about a professional computer training because there is no
computing profession. There can, of course, be no computing profession without adequate professional computing
training: but the work of. putting computers into effective
use can be so complex that such work can be handled
effectively only by a specialist profession and certainly
cannot be left as a part-time task for other professions.

The idea that computing cannot offer a professional
career is a common one, but even if few computer men will
head substantial organizations while still practising computing, it is certain that the best computer professionals
like, for. example, the best accountants, will move most
successfully into general management and to top appointments.
If one accepts the need for a computing professional
career it may still be necessary to be convinced about
training inadequacies and about the practicability of
removing the defects. Current training arrangements appear
to be inadequate because they are clearly piecemeal and
uncoordinated, but also because they do not recognize the
magnitude of the problems which will confront us as we
attempt to implement the next probable stages of computer
development.
The magnitude of our problem is indicated in almost
every forecast which visualizes a situation in which the
computer will impinge more and more upon the daily lives
of extremely large numbers of people.
Such an expansion of our range of impact places upon
us responsibilities similar to those which are borne by other
industries which serve or become involved with large
numbers of people. For example, the transportation, drugs
and fertilizer industries have developed and introduced
safeguards to protect anyone likely to be affected by the
risks which arise from the use, directly or indirectly, of the
product or service provided by those industries.
As our computing activities affect more and more
people we shall be placing more and more people at risk. It
seems necessary to ask if we know what those risks are or
know how to deal with them effectively.
So far, the most expensively and exhaustively tested
computing operations have probably been those connected
with the United States space program. The public interest
excited by this program has led to the publication of some,
if not all, of its computing boobs and this record contains
details of:
the destruction of a rocket within seconds of launching,
because of the omission of a semi-colon from a program
step;
the overshoot, on touch down, by 100 miles, through
failure to recall that the earth takes less than 24 hours
to rotate;

the considerable doubts raised during the critical stages
of the first man landing on the moon by a computer
program which failed to contain instructions for signals
to be ignored from radar equipment which was not
required during the landing.
These examples of failures, to which most of us could
add, in less dramatic form, from our own experiences, tend
to indicate that our present standards of performance -
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definable as the standards of the residual bug - cannot be
acceptable when we move from the realms of in-house
computing to more widespread and non-participating computing where our failures may harm, critically inconvenience or kill innocent third parties.
There have already been cases of elderly people being
deeply concerned by repeated demands for payment of bills
for £O.Os.Od., and there seems little cause for complacency
concerning the protection of individuals from a bureaucracy that is backed by an error prone, but assumed reliable
and, therefore, despotic computer.
This point was considered by members of the British
Computer Society after their last Annual General Meeting
when professional ethics were discussed. The suggestion was
then made that the decision outputs of systems which are
third party critical should include provision for routine
manual scrutiny. It seems probable however, that such a
proposal is too like the carrying of a red flag ahead of the
early motor cars and not likely to be accepted.
We have, surely, to find the means for exhaustively
testingour new systems to the extent that the residual bug
is eliminated or made ineffective. A method to achieve this
may be found through more extensive training and through
the introduction of a system of independent inspection
which it is to be hoped will, for the United Kingdom, be
established by the British Computer Society, before any
disasters occur.
The idea of inspection could be dismissed as impractical
and impossibly idealistic - but is it any more so than the
new standards which were subsequently applied to airframe
testing after the early Comet failures?
The question of the residual bug is a major indicator of
the magnitude of our development problems. But it is also
claimed that our training arrangements are inadequate
because they are piecemeal and uncoordinated.
Training or education is available from the computer
manufacturers, from some commercial schools, from colleges and universities: At the manufacturer's end of this list
the training is generally highly practical. At the other end
however, a majority of courses is firmly non-vocational and
not intended as equipment for the novice computer man.
All of these existing courses, have been initiated by
forward thinking people for whom there has been little
encouragement and precious little guidance: while that
guidance which has been available has often been contradictory.
, Is this, one wonders a sad commentary on the lack of
effective contact between the industrial and academic
worlds or is it simply evidence of the rapid advance of
c~mputing? Certainly it is not the .sort of picture which
will encourage good recruits to join our profession.
If we are to capture the right number of recruits of the
right quality and use them effectively we must provide
them with a really adequate training. Action is required
from everybody involved in the profession and not just
from users (who must however playa major part).
Our Computer or Systems and Programming Managers
must adopt good standards of discipline of their own work
and in that of the staff whom they supervise. This step
should, of course, improve performance, but it would also
make it possible for teachers to give instruction in procedures which bear a resemblance to practice and not to an
apparently impractical theory. Our managers must also
contribute to the design of courses and particularly to the
relationship of course sessions to practical work, if training

time and cost is to be reduced and productivity to be raised
quickly.
Our academic colleagues may need to switch computing
from their mathematics department to the business studies
department. Certainly one would look for evidence of
recognition that computing in industry is ,informationprocessing based and not mathematically based. Training
periods can be reduced by the introduction of planned
practical work and courses can then be organized in smaller
time units than years or terms.
The British Computer Society, as the organization of
individual computer people in the UK, must accept some
'responsibility and perhaps impose duties on its senior
members for supervising the preparatory training of its
student-members.
The National Computing Centre, operating as the
organization of computer employers, should develop its
role of initiating and coordinating training courses, perhaps
doing this in close cooperation with the Bureau and
Software house associations.
All of these groups, together with the Department of
Education and Science and the Industry Training Boards
need to work together to establish a satisfactory basis for
the full training needed by a novice recruit, from whatever
source, to achieve professional competence in a growing
and changing industry. Much work is already being done
but time is short and we need to see some action soon.
How to do all this?
At rock bottom, we might recall and recognize the
considerable merit in the natural way of learning.
A baby usually learns to crawl then crawls. After a
period of crawling he learns to walk and then walks.
Similarly with running and jumping.
In all too many cases, we teach students to crawl walk
run and to jump in one go. This practice appears to contain
the following defects:
FIRST

The student who has been, taught to crawl,
walk, run and jump tends to resent being put to
work at crawling when he believes he is'ready to
jump;
.
SECOND If the student is unlikely to progress beyond
crawling it is wasteful to teach him the later
stages. For the man who can progress, the later
stages seem likely to be taught in less time after
some practical experience of an earlier stage
than if no such experience were provided;
THIRD
In a world in which techniques are developing
quickly, it is certain that the methods of
running and jumping taught in a single, all
embracing course, will be out of date by the
time when the student would be ready to
practise running or jumping;
FOURTH When good instruction capabilities are scarce,
the comprehensive initial course seems to be the
least optimum method of employment of such
scarceresources;
The application of this approach is not, of course, a
novel one, but for'the training of computing people, we
need to adopt it most rigorously and to ensure particularly
that the practical periods are of adequate length (and not
fixed to match a convenient academic time table) and that
the practical work done is strictly related to the preceding
instruction and conforms to the total development programme.

We should aim to use the most appropriate education
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establishment for each type of training required and initial
training should be handled at Technical College level;
intermediate training at Polytechnic or Regional College
level and advanced training at University level.
So far as the type of training is concerned, full time
training on a block release basis is preferable to any other
method, partly because full time training seems to be the
most effective but also because part time courses impose
awkward restrictions upon the control of productive work.
In the UK, training plans should be linked to the BCS
qualification. This is a debatable point; but we cannot
afford a time consuming debate on this. Let us, rather,
grasp and use what already exists and, if this should be
necessary, form a lobby to improve or to replace it; but
only if the evidence of practical experience of its use
indicates such a need.
Extended training will be costly, but the cost of not
providing enough training would be considerably greater.
One is tempted to think of ways in which costs might be
recovered by transfer fees; penalties; bounty forfeitures;
Industrial Training Boards. If, however, the cost is to fall
largely upon the employer who trains the novices he should
be able to meet these costs if he is able to retain the services
of the recruit throughout an extended training period.
In such a situation the loser would be the employer who
does no novice training and also argues that payment of a
training levy confers a right to recruit staff who have been
trained by grant receiving organizations. However, an
apprenticeship plan can equally serve all needs.
A possible time table for a linked training and working
program in the format of an apprenticeship is outlined in an
Appendix: times are suggested for recruits from School and
University. This is not a complete solution nor has it been
planned in anything approaching the necessary depth. In
particular, the training periods are guesses of what might be
possible in a well harmonized programme.
However, in spite of these gaps, the time table should
serve adequately as a basis for discussion.
This paper attempts to review past action and to suggest
some further steps. It has not sought to criticise or to
confess. Where comments have been made on past action it
is recognized that the writer has had the benefit of
hindsight. However, it is desired to repeat the earlier
comment that the action already taken to provide training
reflects a considerable initiative for which we should
acknowledge our gratitude.
However, past action has lacked coordination and clear,
ultimate objectives, and it is these, coupled with a sense of
urgency which are the objectives we should now set
ourselves and should actively seek.
APPENDIX
POSSIBLE TIME TABLE FOR A LINKED TRAINING & WORKING
PROGRAMME
(School Leavers and Graduates)
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The first training period can cover the study of a language and of
the aids to programming which have been developed to make
simpler the working life, if not the training period, of programmers.
Some operating experience should be provided.
This period should include also the trainee's initial programming
application which, although undertaken in a training environment,
should be subjected to all the controls which will be experienced in
the operating environment. At the end of this period the novice
should be ready to take his place as a member of a production team.
Training to this point has, in the writer's experience, been
completed successfully within six months to the satisfaction of the
trainers. of the trainees (who have been very fully employed during
the training period) and of the receiving managers.
It is not practicable .to train in this way in small units, but it
seems practicable to achieve satisfactory results in a communal
training course. Such courses could and should be provided in
technical colleges on much the same sort of basis as commercial
colleges prepare shorthand typists for their first job.
Such an initial course might be used for potential:
programmers - systems analysts - operators - maintenance
engineers
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I
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supervised teom

PART TIME EXPERIENCE
bu"inoss practice, commerce or coot accounting

This period should provide an initial and useful experience to
consolidate the first training period. to prepare for the second
training period and should be long enough for some satisfying work.
A conventional sandwich course would tend to limit this period
to about six months. but that is an inadequate and unprofitable
period in which to gain useful programming experience.
It is desirable and practicable to keep the student in good
studying and examination trim and, if he tackles relevant subjects in
evening or directed private study or correspondence courses. and sits
the examinations of the Royal Society of Arts of City and Guilds,
he should achieve these aims and contribute to a reduction of the
time required- for subsequent full time training.
~!J,c!...J.r--

-;

I

-,-

,

Sl".hool Lo«vur

1-21

to:?'.

21102:3

rcmoindoJ· of "'yllnbus to complct(.
p r-c pc r-a t Lcn t'c r- Ilriti:lh Computo'v:", Society
ex,IInil1ntion, part I

This is possibly the least soundly based timing. Current
arrangemen ts envisage a full time two years HND course in order to
gain exemption from BCS part I. But it seems necessary. at this
stage, to set hard targets and to relax them if further study proves
relaxation necessary. The need of the industry is to complete 'a
thorough training as quickly as possible and the sort of recruit we
need will be anxious to spend as little time as is necessary on studies'
and be ready to gel working as quickly as possible.
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This area which is outside the immediate qualification time table
is, however, so important that it cannot be ignored in any plan for
the education of the computer professional.
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In this third training period some specializuticn is introduced,
with the trainee moving towards:
systems analysis or leading and managing or deepening his
commitment to programming
Two months have been allocated for the schcol leaver, but only one
month for the graduate for whom this session would follow end-on
with the second training session.
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This covers the period in which final qualifying experience is
gained before the award of full membership of the British Computer
Society. It should, ideally, include a secondment to a different area
of activity to that in which the apprentice has been engaged.
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This table compares in summary form the proposed training and
work time separately for school lcaver and graduate. The school
leaver program is spread over 5 years and the graduate over 3Y2
years. In both cases training time is about 1401' the total time.
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A fifteen or sixteen month working period for both school leaver
and graduate to develop the specialization of the last training
period.
Part time training is shown as optional because developing ability
seems likely to involve working away from base (and thus from
training facilities) or working irregular hours.
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Modified Summary

If the initial training period is omitted, as it might be for costing
purposes because the period is completed before the recruit's
employment starts, then the period summary above can be revised
as indicated.
The total period falls to 4 years 7 months for the schcolleaver or 3
years 2 months for the graduate with the full time training element
below 20%
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Robert M. Aiken

I. ORGANIZATION AND HACKGROUND OF SIGCSE
SIGCSE, an active organization of over 600 members, is
an acronym for the Special Interest Group on Computer
Science Education. SIGCSE was founded in the Fall of
1968 by a group of twenty-five to thirty members of the
Association for Computing Machinery (ACM) who were
interested in 'promoting and disseminating ideas in
computer science education. Membership in SIGCSE is not
limited except that persons belonging to SIGCSE must pay
annual dues which entitle them.to four regular issues of the
SIGCSE Bulletin, plus a special edition of the Bulletin
published yearly that includes the proceedings of the
SIGCSE Technical Symposium. Further information concerning dues and subscription rates for SIGCSE and the
SIGCSE Bulletin can be obtained either by consulting the
ACM Reference Guide section of the Communications of
the ACM or by writing ACM headquarters in New York.
While many of the officers and organizers of SIGCSE
feel that SIGCSE has made substantial gains in the United
States, it is certainly realized that there are many people
who have as yet not been reached. A large portion of these
people do not reside in the United States, but certainly are
very active in computer science education and, hopefully,
are interested and would be willing to participate in the
activities of SIGCSE. Thus, one of the major reasons for the
presentation of this paper is to encourage people from all
lands interested in computer science education to participate as members of SIGCSE. Given the diverse nature and
the rapidly exploding information base that our discipline is
experiencing at present, it would seem that dissemination
of relevant material in the Bulletin would be helpful to
many people currently unaware of its existence.
Following sections of this paper will discuss what
activities SIGCSE has sponsored, what is included in its
Bulletin, and what the first Technical Symposium will
include. In addition, a future for SIGCSE is projected
which suggests that SIGCSE could very well become an
international communications link for persons in all lands
interested in computer science education.
2. OBJECTIVES AND PURPOSES OF SIGCSE
The objectives and purposes which led to the formation
of SIGCSE can be stated in terms of its goal: to encourage
and assist in the development of effective academic
programs and courses in computer science.
In accordance with this stated goal, SIGCSE has
attempted to do the following:
I. Collect and disseminate information concerning
courses and programs offered at the college level.
2. Organize and present technical panel sessions at

national meetings and when appropriate, organize independent technical symposia.
3. Channel useful information developed by SIGCSE
members to the attention of other ACM educational
activities and committees.
4. Publish in the SIGCSE Bulletin such program
descriptions, course syllabi, problem sets, and other items
such as news and discussion issues which are of particular
relevance to its members. In addition, SIGCSE also plans to
publish the proceedings of its special technical symposium.
Though computer science education is often associated
only with larger universities, it has been the goal of SIGCSE
to include and encourage the participation of persons in
smaller colleges and universities who also have an interest in
computer science education. Most of these people are not
teaching in programs that offer any degree in Computer
Science. However, most of these programs do offer selected
courses in computer science and the people implementing
these programs certainly share a common interest in the
growth and development of curricula. Consequently, their
participation in technical symposia and informal meetings,
as well as their serving as a source of contributions for the
Bulletin has been encouraged. SIGCSE hopes that through
its efforts some of this growth can be structured and some
of the newer ideas in computer science channeled to as
many educators as possible.
3. MEETINGS SPONSORED BY SIGCSE
SIGCSE has sponsored several formal and informal
meetings and panels in conjunction with major computer
conferences being held in the United States. A brief
description of these meetings is given in Table I. For those
members who are not able to attend these meetings the
major topics discussed at each session are published in the
succeeding issue of the Bulletin. The purpose of these
sessions has been to discuss relevant topics in order to
provide possible answers to some of the problems which
concern many SIGCSE members. Computer Science is such
a diverse and rapidly growing discipline that there are many
other issues which should be discussed. Though it is not
possible to cover all topics, an attempt certainly is made
through these sessions to at least cover in some depth a few
specific issues.
4. SIGCSE BULLETIN
The SIGCSE Bulletin is organized into various sections
including:
Editorial Notes and Observations
Message from the Chairman
Calendar of Events
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Items of Interest
Minutes of the Most Recent SIGCSE Meeting
Course and Program Descriptions
A Section on Problems, Exams and Projects
Book Nook
Also included as separate items are original contributions.
The Notes from the Editor and Message from the Chairman
arc intended to encourage participation in SIGCSE projects
and emphasize events and developments of particular
importance to SIGCSE members. The Calender of Events
Section offers announcements of special meetings that
might be of interest to the membership. The announcements include professional, university, and national and
international group meetings. For instance, the dates for
the IFIP World Conference on Computer Science Education
were mentioned in this section. In the Items of Interest
Section special attention is called to meetings being planned
or set in the near or far future. Information is also
published that might be particularly pertinent to SIGCSE
members, for instance, special faculty residencies which are
being sponsored by the government or announcement of a
network of information which is available on a subscription
basis. In some instances this section contains more detailed
information on items mentioned in the Calendar of Events
.Section. For example, the Call for Papers for this IFIP
Conference was reprinted in this section of the Bulletin.
The Course and Program Section contains material tliat
reflects the general approach and goals a course or program
is attempting to implement. This section does not simply
contain a catalog listing of courses with or without
descriptions. An attempt is made in this section to present
as many novel approaches to computer science education as
is possible. Some of the contributions that have been
published in this section include the following 'A Sequence
of Advanced Courses in Programming Theory and Applications', 'An Exercise in List Manipulation for Beginning
Students', 'Management Information Systems and Systems
Analysis', 'Quick and Dirty Introduction to the Computer
for Masses of Students', and 'Principles of Computer
System Organization'.
A large share of the October issue was devoted to a
report on a Programming System's Workshop which was
sponsored by ACM's Curriculum Committee on Computer
Science. Several reports included full course descriptions,
program descriptions, problem sets, bibliographies, and in
some cases term projects, and mid-term and final exams. In
addition to these in-depth reports from several of the larger
Computer Science Departments, summaries of similar
programs at other major universities were also included.
Thus, any member who was interested in Systems
Programming had an opportunity to acquire valuable
information through the publication of this material in the
Bulletin. Though this is the only instance to date in which
so much or one issue has been devoted to a single topic, it
certainly might happen again if such a wealth of material
becomes available.
Another part of the Bulletin which is thought to be central
to serving the needs of our membership is the Problems,
Exams, and Projects Section. Contributions accepted in this
category have been quite diverse. The descriptions of
several term projects have been included as well as several
mid-term and final examinations. However, some of the
most interesting and possibly the most beneficial material
from the viewpoint of our members has been the
publication of qualifying examination questions (both
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Master's and Ph. D). In fact, contributions of this type have
been received from three universities with one major
university (Stanford University, Stanford, California) contributing Qualifying Examinations and corresponding
Course Syllabi for all the areas in which they give Ph. D.
exams. (These examinations were published in the
December, 1969, and March, 1970 issues of the Bulletin).
The exams included in these issues covered the following
areas: Computer and Programming Systems, Artificial
Intelligence, Computer Design and SWitching and Coding
Theory, and Mathematical Aspects of Computer Science.
This section has proved to be quite valuable as a SOurce of
material, and it is hoped that the section can be expanded
in future issues.
The book review section of the Bulletin (Book Nook)
concentrates on publishing in-depth reviews of texts that
have been used in Computer Science courses. The purpose
of this section is to highlight books which might be of
interest to members of our group who are teaching
computer science courses and who are looking for suitable
texts. This section is intended to supplement reviews in
journals such as ACM's Computing Reviews, not duplicate
them. By providing longer reviews by persons using these
books as texts, it is hoped that the SIGCSE Bulletin can
achieve this goaL
In addition to these 'constant' sections for which
contributions are usually received for each Bulletin, a major
part of each issue is devoted to original contributions. Some
of these have been philosophical in nature, such as
'Challenges to Progress in Computing: People, Technology,
Purposes', and 'CSE - Theory or Practice'.
Other longer contributions published include abstracts
of papers presented at a Conference on the Impact of
Computers on College Curricula (held at Illinois Institute of
Technology, Chicago, Illinois, January, 1969), a report ob
survey on the number and types of Computer Science and
Related Degree Programs in U.S. Higher Education, and an
invitation to start an exchange of computer-related course
materials for students in social sciences and humanities.
Some other contributions have been short, thoughtful
statements reflecting a persons viewpoint on a current issue
in Computer Science Education. While these shorter
contributions are certainly welcome (and published), it is
hoped that in the future more longer, original drafts of
current research will be contributed for publication in the
Bulletin. The current average for these original research
papers has been about one per issue, but it is hoped this
average will increase with future issues.
5. SIGCSE TECHNICALSYMPOSIUM
The first SIGCSE Technical Symposium will be held on
Monday, November 16, 1970 in Houston, Texas the day
before the Fall Joint Computer Conference. The theme of
this conference will be 'Roles and Goals of Computer
Science Departments'. Both invited and contributed papers
are now being accepted. Those selected to be presented at
this conference will .be published in a special issue of the
SIGCSE Bulletin. Initial plans call for this issue to be
published before the Conference so that these papers will
be available to people attending the Symposium. Subject
matter for papers being solicited include the following:
Conceptual Design of Curricula
Problems in Designing and Implementing Particular
Courses

Objectives of Computer Science Programs
How To Tailor Curriculum '68 to a Small School
Computer Science Versus Computer Applications
How To Teach in Quantity Without Sacrificing Quality
As stated in the Call for Papers, preference will be given to
descriptions of how specific problems were tackled and
with what success as opposed to proposals unsupported by
experience.
In addition to presenting both invited and contributed
papers, panel discussions will be held at this symposium.
Depending on .the interest of the members and the number
of contributions received, several panels will be formed on
which people will present papers and/or contribute to
discussion. This aspect of the Conference will be quite
informal and is intended to serve as a means of informally
exchanging information on current topics in computer
science education. Thus, a large part of the time allotted to
these panel discussions will be for question-answer periods
in which everyone can participate. It is hoped that through
these informal panel discussions an exchange of ideas can
be established that is often not elicited through more
formal mechanisms.
Though at this writing the plans for this conference are
just being formulated, the officers of SIGCSE feel quite
confident that this will be a very successful undertaking.
From the response so far received, it is expected that there
will be over one hundred participants at this conference.
Given that this conference is as successful as it is felt that it
will be, this type of symposium will be sponsored yearly by

SIGCSE. In the future it is hoped that this symposium will
reach an even larger group of people interested in computer
science education, including many people in foreign nations
who for various reasons are probably unaware of this first
SIGCSE Technical Symposium.
6. FUTURE OF SIGCSE
As with any other group, the future of SIGCSE lies in
the hands of its members. The organizers have made and are
continuing to make a very concerted effort to recruit a
large base of membership in SIGCSE. As was stated earlier,
it is felt that there is a very great need for a mechanism for
communicating with many people who are interested in
computer science education. SIGCSE feels that its Bulletin
will accomplish this goal. In addition, it is felt that the
Technical Symposium sponsored by SIGCSE, as well as the
informal meetings which they sponsor at various major
computer conferences, also help to bridge the communications gap which exists among people in computer science
education.
The future of SIGCSE lies not only in development and
expansion of its base in the United States but throughout
the world. Its future objectives and goals must center
around encouraging contributions from persons in many
countries with many diverse viewpoints. Ultimately,
perhaps, the SIGCSE Bulletin can serve as an international
communications link among persons interested in computer
science education.
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TABLE I
Meetings Sponsored by SIGCSE
Meeting and Date

Organizer

Purpose and Format

National ACM Meeting
August, 1968

Prof. E. I. Organick
The University of Houston
Houston, Texas *

Organizational Meeting, Ejection
of Temporary Officers
.

Fall loint Computer
Conference, (FlCC)
December, 1968

Prof. P. Calingaert
The University of
North Carolina
Chapel Hill, North
Carolina

Informal Presentations followed
by a Question-Answer Session Topics Included:
(I) Introducing Computer Science
to Business and Liberal Arts
Students
(2) Some Questions Concerning
Computer Science Education
(3) A Universal Introductory
Course in Computer Science

Spring loint Computer
Conference, (SlCC)
May, 1969

Prof. E. I. Organick

Informal Question-Answer Session
to follow up a panel included in
the SlCC Formal Session on
'Education of the Computer
Science Professional'

National ACM Meeting
August, 1969

Prof. E. I. Organick

Business Meeting and Discussion
of plans for first SIGCSE
Technical Symposium

FlCC, November, 1969

Prof. R. Aiken
The University of

Informal Presentation and
Discussion of Accreditation
of Computer Science Programs

Tennessee,

Knoxville, Tennessee
SlCC, May, 1970

*

Prof. G. Engel
Hampden-Sydney College
Hampden-Sydney, Virginia

All affiliations in this paper are in USA unless otherwise indicated.
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Panel on 'Small College Computer
Science Programs' - to be
followed by a Question-Answer
Session

BALANCE

IN

COMPUTER

SCIENCE

EDUCATION

Robert L. Ashenhurst

1. INTRODUCTION
In the past decade departments of computer science, or
the equivalent under some other name, have made their
appearance at many universities and colleges, particularly in
the United States. This is despite the fact that there is still a
good deal of controversy over the nature of computer
science as a discipline, even extending to the question of
whether it is appropriately classed under the heading of
'science' at all. Much of the impetus for the formation of
these departments stemmed from the increasing importance
of computer techniques in both academic and nonacademic
pursuits, yet already the problem of keeping computer
science 'relevan t' to computer applications is arising. For
these reasons the future status and structure of computer
science departments, and the lines along which they will
evolve, is by no means clear at this time. In this paper I
would like to discuss some aspects of university curricula
relevant to the foregoing questions, and relate them to my
experiences in connection with the emergence of the
Information Sciences graduate program at the University of
Chicago.
2. SCIENTIFIC
SETTING

DISCIPLINES

IN

THE

ACADEMIC

It is convenient to characterize computer science and
other emerging disciplines in terms of three aspects of
scien tific disciplines generally: the formal/descriptive, the
abstract/analytic, and the empirical/experimental. The
formal/descriptive aspect serves to systematize the subject
matter, which then may be modelled and treated
mathematically, thus giving rise to the abstract/analytic
aspect, and also studied in its relation to the real world,
thus giving rise to the empirical/experimental aspect. For
the natural sciences, the abstract/analytic and the
empirical/experimental can be so wen coordinated that the
mathematical models become virtually indistinguishable
from intrinsic truth, as is perhaps best illustrated by the
relationship between theoretical and experimental physics.
As one proceeds from. the phenomenologically simpler to
the more complex, however, the relationship becomes more
difficult to establish, and it is only relatively recently that
the same degree of deductive precision that is possible in
the physical sciences has begun to be introduced in the
biological sciences.
And in the relatively new social sciences, although
mathematical models are being employed with increasing
fruitfulness, the degree to which they can be characterized
as truly intrinsic to the phenomena being studied is much
less clear. In any case, it is probably fair to say that the
accepted connotation of 'science' in the present day does

not apply to a subject framed in formal/descriptive terms
alone, as it did in the time of Aristotle. but implies some
degree of interrelated abstract/analytic and empirical/experimental aspects.
Resting on the basic scientific disciplines are the
professional disciplines which may for simplicity be
grouped under the heading of engineering. This should be
taken as including, in addition to the traditional engineering
subjects based on the physical sciences, applied fields in the
biomedical and organizational areas, which bear a roughly
corresponding relationship to the biological and social
sciences, respectively. It is interesting to note that the
academic training for all these professions. if not the
professions themselves, has had to become increasingly
'scientific' in order to compete.
Before proceeding further I should note. and perhaps
beg the reader's indulgence for, the fact that this taxonomy
of science is consistent with the academic organization of
the University of Chicago into four graduate divisions and
several professional schools, besides an under graduate
college (itself organized into corresponding collegiate
divisions). Three of the divisions comprehend the sciences,
Physical, Biological and Social (with Humanities as the
fourth and only nonscientific component), and among the
professional schools are Medicine, which is organizationally
a part of the Division of the Biological Sciences, and
Business, which has close ties with departments in the
Division of the Social Sciences, most notably Economics.
Only for the Division of the Physical Sciences are there no
units occupying a comparable position, formally or
otherwise. Indeed, the disciplines normally designated as
'engineering' are conspicuously unrepresented in the
structure of the University.
The traditional basic and applied scientific disciplines
can for the most part be included (or excluded, in the case
of engineering) straightforwardly in this framework, with
few anomalies. In the last two decades, however, there have
emerged three new areas which seem qualified to be
considered as independent scientific disciplines, namely
statistics, operations analysis and computer science. The
justification for this statement is that each has a
distinguishable subject matter, capable of being fitted into a
descriptive/formal framework; each can be extended
non trivially in both the abstract/analytic and the empirical/experimental directions; but each has substantial
content which fits wholly into none, but in fact has
nontrivial implications for many, of the traditional
scientific disciplines. It is this latter quality which has
supported the attempt to incorporate these disciplines onto
the already existing structure at the University of Chicago,
rather than simply excluding them like engineering. A
comparable process has taken place at other universities, its
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character being molded by the particular organizational
relationships which obtain. This process has characteristically involved accommodation to conflicting interests of
Mathematics, Engineering and Business (with perhaps a few
more contending as in the case of statistics, which has been
around for the longest time). The evolution at the
University of Chicago, however, is better described as an
effort by the proponents of the new disciplines to establish
them in the presence of institutional inertia, rather than to
preserve their integrity in the face of institutional pressure.
This is significant, because it has enabled both the intraand interdisciplinary aspects of the fields to emerge with
less distortion due to vested interests. Conformity with the
Divisional structure of the University has been necessary, of
course. Thus there is now at the University of Chicago a
Department of Statistics in the Division of Physical
Sciences, and a Management Science group in the Graduate
School of Business (which does not have a formal
departmental structure). Finally, computer science, which
is the central focus of this paper, is represented in the
teaching and research programs of the Committee on
Information Sciences and the closely related Institute for
Computer Research, both of which are departmental
entities within the Division of the Physical Sciences, but
have strong ties through cross-appointments with other
Divisions and Schools within the University.
The three new disciplines identified above are themselves interrelated, and components of them may be combined
in various ways for academic purposes. Thus designations
such as 'decision sciences,' 'management sciences,' and
'information sciences' can be viewed as reflecting statistics,

operations analysis and computer science in an expanded
and more interacting way, with perhaps some explicit applications connotations (such as library science). The
terms 'systems sciences,' 'communications sciences' and

'control sciences' also represent facets of these three
emergent disciplines, combined with the control and
communications theory which has grown up within the
engineering disciplines. It is unfortunate that these
interrelationships have not been more fully exploited in the
design of academic programs. Some possibilities along this
line, from the viewpoint of computer science in particular,
are indicated in the next section.
3. THE SCOPE OF COMPUTER SCIENCE
A proposed taxonomy for computer science is given in
the ACM Recommendations for Academic Programs in
Computer Science 'Curriculum 68' (Atchison et al. (1968)
p. 154) and also discussed in the report of a workshop on
the Master's Degree Program in Computing Science, which
appears in the Proceedings of a Conference held at Stony
Brook, N.Y. in 1968 (Finerman ed. (1968) p. 126).
The three major categories of this taxonomy serve as a
useful starting point for the present discussion: (I)
Information Structures and Processes; (II) Information
Processing Systems; and (III) Methodologies. The first two
of these may be characterized respectively as the
'theoretical' and the .(hardwarefsoftware)· 'systems' areas of
the discipline. Framed in the terminology of the preceding
section, category (I) combines formaIfdescriptive and abstractfanalytic aspects, with a strong emphasis on such
'basic' topics as theoretical numerical analysis and automata
theory, while category (II) is mainly formal/descriptive,
with techniques of performance analysis and experimen-
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tation just beginning to be incorporated.
Category (III), Methodologies, is intended to encompass
'applications' in the functional sense, techniques which can
be applied to various problems in various areas. The list of
topics under this heading includes some based on the-type of
data involved (numerical mathematics, symbol manipulation, text processing, computer graphics), some on the
mode of solution involved (simulation, artificial intelligence), and some on the operational environment involved
(data processing and file management, information retrieval, process control, instructional systems).
Applications of computer techniques to other areas,
such as physics or economics, may clearly involve several of
these methodologies, and the computer science point of
view on these applicational aspects may seem strange to the
physicist or economist who just wants a problem solved. A
real challenge faced by computer science is responding
appropriately to the needs of such disciplines as they
become increasingly computer-dependent.
Another challenge is, of course, the integration of
categories (I) and (II). into a genuine scientific discipline.
One of the really gratifying developments of the past
decade has been the emergence of the abstract theories of
automata and computability as rigorous studies, and the
extension of these techniques to the theory of formal
grammars. This has given rise to an energetic and
self-sustaining subdiscipline with its own style and
standards, which thus has taken its place beside theoretical
numerical analysis as part of the abstractfanalytic basis for
computer science. The direction is not so clear, however,
for the data structures and programming languages areas,
and the hardware/software systems area. Both these involve
substantial aspects of design and implementation, which
would seem to put them more in the engineering category.
It is quite apparent, however, that further work must be
done to reduce design and implementation to a systematic
process in any way comparable to that of the more
traditional engineering disciplines.
The adoption of the designation 'information sciences'
at the University of Chicago was originally based on the
concept of. a more broadly based discipline than that
suggested by 'computer science.' In particular, it was
desired to set up the program so as to include information
processes in the other scientific areas, which involve digital
computers only incidentally or not at all (e.g. the
information processes occurring in biological organisms and
linguistic phenomena). As the program developed, however,
it took on a pronounced basic as contrasted with applied
character, which in any case is in keeping with the style of
the University of Chicago. For example, the Master's
program consists of eight 'core' courses to provide a
common background, coupled with three electives intended
to allow the pursuit of special interests (The University of
Chicago (1968) p. ISO). Of the eight core courses, only
three are essentially pragmatically-based--Organization of
Computer Systems, Numeric Processing, and List and File
Processing. The other five are essentially theoreticallybased-Automata Theory, Control Systems Theory, Information Theory, Coding and SWitching Theory (taught from
an abstract viewpoin t, since the program is not to train
computer designers), and Artificial Languages.
Recently there has been a feeling that the program is
overly biased toward the theoretical, and is too rigid in
restricting alternative choices of core material. Examination
of this question has led to a proposed taxonomy of seven

major topic areas:
O. Theoretical Methodologies
I. Continuous Systems
2. Discrete Systems
3. Optimization and Evaluation
4. Data Structures and Algorithmic Languages
5. Computer Systems
6. Applications Methodologies
Here topic area 0, Theoretical Methodologies, includes the
basic subjects from mathematics and logic which underlie
theoretical aspects of Information Sciences, such as
numerical analysis, recursive function theory, category
theory and the like, while topic area 6, Applications
Methodologies, is essentially the Methodologies category of
the ACM taxonomy. Topic areas 1-5 run from the
theoretically-based to the pragmatically-based, and represent a set of core subject fields for Information Sciences.
Topic area I, Continuous Systems, includes the theoretical
material for general continuous control systems theory,
while topic area 2, Discrete Systems, includes the
subdisciplines growing out of the theory of automata.
Topic area 3, Optimization and Evaluation, includes
material from operations analysis and statistics, which are
normally not a part of computer science curricula but seem
appropriate for reasons discussed earlier. Topic area 4, Data
Structures and Algorithmic Languages, and topic area 5,
Computer Systems, are essentially as understood in the
ACM taxonomy (included under the headings (I) Information Structures and Processes, and (II) Information
Processing Systems, respectively).
In terms of- this classification, the existing Master's
requirement of eight specific core courses is to be replaced
by a requirement of eight courses, at least onc from each
and not more than three from any, of the five topic areas
1-5 (the University of Chicago (1970)). Topic area 0 may
then be regarded as supporting the further development of
the theoretical side, and topic area 6 as taking in several
options of specialization on the applied side, both
representing possible paths for doctoral study.
Designers of academic programs are always faced by the
problem of 'what every graduate should know'; that is,
what part of the subject matter should be part of the
training of everyone taking the program, as contrasted with
options available to those who wish to specialize in one way
or another. Related to this is the question of preparation,
since everyone must presumably have a common set of
prerequisites for the common core. There seems to be no
agreement on this matter for computer science at present,
and indeed, one can identify several explicitly differing
points of view. For example, the ACM recommendations on
Master's Degree Programs include as undergraduate preparation 'calculus and linear algebra,' and in effect suggest a
rigorous exposure to 'either numerical analysis or theory of
automata as part of the program (Atchison et al: (1968) p.
163). A counter opinion might contend that it is possible
and meaningful to practice computer science without this
level of mathematical preparation.
The information sciences curriculum based on our
taxonomy in a sense represents a compromise between
these two views. Specifically, it implies at least an
introductory course in control systems theory and the
theory of automata at the level for which undergraduate
calculus and modem algebra suffice. These same prerequisites serve for an introductory course in optimization and
evaluation. It is thought that the inclusion of operations

analysis and statistics in the core requirements will make it
clearer to students why an intermediate level mathematical
preparation is appropriate, even for those interested in
computer applications whose content is essentially nonmathematical. For example, it becomes evident that
although little mathematics is required to understand what
a big information system does, to design it and evaluate its
performance effectively does indeed require a mathematical
approach.
Meanwhile, research in the areas represented by topic
areas 1 and 2, Continuous and Discrete Systems, is
proceeding in a direction which may have a pronounced
influence on the pragmatic as well as the theoretical side of
computer science. Although 'general systems theory' has
been identified as a discipline for several years now, only
relatively recently have its investigations begun to show the
way to a unifying point of view, based on the most modern
of mathematical tools such as category theory (Goguen
(1970)).
4. COMPUTER APPLICATIONS METHODOLOGIES
The discussion of the previous section concerned the
core of computer science, indicating one approach to
treating it in a more unified way' There remains the
problem of integrating the diversified collection of topics
which fall into Applications Methodologies, topic area 6 in
our classification, and (III) of the ACM taxonomy. Since
these represent that part of computer science with which
other disciplines are most intimately concerned, there
naturally arise conflicts of the science-engineering type in
trying to present them in an academic setting. One possible
route to the alleviation of these difficulties is provided by
the existence at the University of Chicago of the Institute
for Computer Research, which has been already mentioned
as an entity closely related to; but nominally distinct from,
the Committee on Information Sciences. This Institute was
founded in 1959, several years before the Conunittee on
Information Sciences came into existence, and its original
program was strongly centered on the construction of a
major hardware/software configuration, at the heart of
which was the Maniac III computer designed by the
Institute staff.
In the ensuing years such projects have practically
disappeared from universities, and it has become
fashionable to say' that 'the hardware business should be
left to industry.' While this perhaps is valid with respect to
processor-memory design, it is shortsighted in view of the
nature of many university research investigations which
involve the use of computer system components. These
have requiremen ts that simply cannot be achieved by
interaction with the typical university computer center
oriented toward fast, turn-around batch or interactive
service. The common pattern, then, is one of proliferation
of small, dedicated computers in various departments, often
realizing much less than their full potential due to the
difficulty of obtaining adequate supporting staff in such an
isolated situation.
The technological potential has also changed radically
with the advent of the 'minicomputer,' and the means for
flexibly interfacing a variety of standard digital modules.
This too has implications for the success of a general
computer laboratory, in which research in and use of
applications methodologies interact in a suitable way.
At this writing, the Institute for Computer Research
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seems to be evolving along this path. The Maniac III
computer facility is now the center of a system which
includes a small portable computer, a display system, and a
moderate-scale analog computer, beside a variety of
peripherals. An attempt is currently underway to develop
this configuration into the kind of laboratory facility
appropriate to the applications under discussion.
The research style of computer-aided experimentation is
still in its formative stages, and it is hoped that the program
of the Institute for Computer Research can make a fruitful
contribution here.
One other area in which research is badly needed, and
for which the appropriate style is yet to be developed, is
that of complex information systems. Part of the difficulty
is in the realization of prototypes on an appropriate scale,
which are not actual production systems. Since the study of
such systems is appropriate to many disciplines, and the
development of prototype systems is costly, it would seem
that a facility such as the Institute for Computer Research
could serve as a vehicle for pooling individual interests and
mounting an effective cooperative program.
It seems clear that the need for professionals in the area
of information system design, operation and management
will substantively affect the future evolution of computer
science and computer education generally. Indeed, a
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curriculum focussed on the structure of complex information systems should include all but the most theoretical
topics from computer science as understood today, and
substantial components from the organizational and
behavioral sciences as well. A trend may be detected toward
the introduction of such curricula in, and often shared
among, departments of computer science and industrial
management or operations research, and schools of business
administration. I believe this area represents the most
formidable challenge to computer education today.
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I. INTRODUCTION
1.1 Computer Science and Computer Engineering
Over the last twenty or so years a body of knowledge
has been accumulated which can now be identified as
Computer Science. The contributors during this time began
their careers in other disciplines; for example Physicists and
Electrical Engineers applied their science to the development of computing devices and memory elements going on
to construct working machines, Mathematicians experimented with methods of using the computer as a tool.
Some were content to use computers as a means to an end;
either as an opportunity to apply their engineering knowledge in the building of computers or as a way of processing
the data required by their own science. Others found the
subject to be worthwhile in its own right. These builders
and users worked together to find better ways to provide
and exploit computing facilities. This activity produces the
basic knowledge which is the core of Computer Science.
The core consists of several components:(I) A study of computer applications.
(2) The basic principles of system programs (software)
which enable the computer to be used efficiently.
(3) A study of the total system consisting of a combination
of software and physical computing units (hardware).
(4) The engineering of the hardware of a computing
system.
All these should be included in the training course of a
Computer Scientist. They should be given equal weight
during the major part of the course to give an adequate
basis and an opportunity for the students to choose their
special interest for study in the latter part of the course and
during their future careers.
Computer engineering is the design and construction of
the devices and components of the computing machine
using the current computer technology. At present this
technology is based upon electronic and magnetic devices
which are in the province of the electrical engineer. Whilst
an Electrical Engineering course might include computer
technology as a11 example of applied electronics, and a
graduate of such a course may be competent to undertake
computer engineering, he cannot contribute to computer
science unless he is aware and has a basic understanding of
its other components..Such an engineer will seek answers to
the following question - 'How can electronics be applied to
the improvement of computers?' The question which a
computer engineer asks is much more elementary, it is 'How can computers be improved.' The engineering content
of a Computer Science course must encourage the engineer
to ask the right question. It must be taught in a manner
which is independent of any technology. At the same time
it must train the student to be an exponent of the current
technology on an equal footing with those who use
computers as a current application of their own technology.

1.2 Computer Science at Manchester
Computer Science first began at the University of
Manchester in 1947 when a research team was established
within the Department of Electrical Engineering. The
activity of this team led to the development of the Ferranti
Mk I (1951), the Ferranti Mercury (1957) and the ICT
ATLAS (1963). Over this period the number of academic
staff associated with Computer Science increased until a
group existed which had interests ranging from detailed
engineering through systems design and programming techniques to mathematics. At undergraduate level the staff
with an engineering background had responsibilities for
electronics laboratories and lectures in the Department of
Electrical Engineering.
In 1964 the Department of Computer Science was
created by the computer team transferred from Electrical
Engineering. The first responsibility of the new Department
was to establish a first degree honours course of three years
in Computer Science. The course was planned to cover the
organised body of knowledge that had been accumulated
over the years on the design and application of computers.
This body of knowledge ranges from the design of basic
electronic circuits through the design of storage systems
and logical design to an understanding of the computer
software and its impact on computer architecture. The
course also gives the student confidence in the use of a
computer to solve a wide range of problems. It is expected
that some students will specialise on the writing of
compilers, operating systems and applications packages,
being software experts with a unique understanding of
computer hardware capabilities and limitations. Those who
become computer engineers will appreciate the problems
and requirements of the software writers, and be better able
to apply their engineering knowledge when designing
computing systems.
Table 2.1

Plan of Courses in Honours School of
Computer Science University of Manchester
1969/70.

2. CURRICULUM
COURSE

OF

THE

COMPUTER

SCIENCE

2.1 Summary
The overall curriculum of the course is summarised in
Table 2.1. During the first two years a student must attend
all courses, laboratories, tutorials and examples classes. In
the third year the student must attend the courses on:
Computing Techniques and Operating Systems, Computer
System Engineering and the Design of Large Computer
Systems. He is allowed to choose three from the remaining
five courses. It is expected that the computer engineer will
take: Analogue and Hybrid Computers, Advanced Electronics and one of the other three. At the beginning of the
third year the student must choose a project which is either
engineering or programming or a combination of both.
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Table I
2.2 First Year
2.2.1 Basic Electricity, Magnetism and Electronics
This course is similar to one which would obtain in the
first year of a course in Electrical Engineering.
2.2.2 Computer Systems Logical Design
The design of basic logic circuits based upon simple
models of the transistor and diode are developed to show
the design of logic systems leading to the design of a small
computer.
The representation of numerical data (positive and
negative), non-numerical data and instruction are discussed.
The course includes a comparison of serial and -parallel
computing circuits and topics such as addition, multiplica-'
tion, floating point arithmetic and error detection/correction.
2.2.3 Engineering Laboratory
These two courses are supported by an engineering
laboratory. This includes experiments on basic electrical
measurement techniques, simple motors, transistor circuits

and simple logic circuits.
2.2.4 Programming and Numerical Methods
The first part of this course is on programming in an
Algorithmic Language based on basic numerical methods.
The second half deals with writing of programs in machine
code.
2.2.5 Programming Practical Class
First the students prepare programs using a high level
Algol type language to gain confidence in their ability to
use the power of a computer. They then proceed to use a
machine language to obtain a better understanding of
machine organisation. These programs are punched by
key-punch operators and run through the University Atlas
computer in batches. All checking and fault finding is
carried out by the students under supervision.
2.3 Second Year
2.3.1 Electronic Circuit Engineering

The first part of this course deals with the design of
linear electronic circuits based upon semiconductor devices.
It deals with design of practical linear amplifiers, discusses
the problems of definition of operating point and considers
the use of negative feedback and the stability of feedback
amplifiers. A brief description of semiconductor device
operation is included.
The second part covers the design of two state and.
waveform shaping circuits based upon semiconductor devices. It also includes an introduction to the use of Laplace
techniques in circuit analysis and design.
2.3.2 Memory Systems and Basic Computer Circuits
The principles of memory systems are established by
describing various systems such as recording on a moving
magnetic surface, core and thin film magnetic memories,
delay lines and various other storage techniques.
The circuit requirements of a computer are discussed
and a definition of the problems to be solved in the design
of a family of logic circuits is stated. Various logic families
are analysed in detail and methods of using a basic family in
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the design of counters and other logic systems are discussed. Reliability and techniques to reduce the risk of
failure are considered.
2.3.3 Engineering Laboratory
Experiments illustrating the salient features of the previous
two lectures courses are included. The laboratory also
contains a simple analogue computer and analogue to
digital convertor experiments. Short projects in circuit and
logical design are included.
2.3.4 Programming
The course continues to discuss the problems of
programming in machine code and goes on to consider the
structure of high level languages and code assembly
systems.
2.3.5 Applications
Operational research topics such as Linear programming, critical path analysis and stock control and forecasting are discussed.
Design automation. of logic circuits is used as an
example of a computer application and serves to give the
students a formal introduction to combinatorial logic,
minimisation techniques and logic network synthesis.
2.3.6 Numerical Analysis
The topics included in this course are r- Basic theory of
approximation, numerical differentiation and intezration
the numerical solution of differential equations, sol~tion of
partial differential equations, linear algebra.
2.3.7 Programming Practical Class
This practical class is integrated into the programming
courses. The programs are written in Algol, Fortran or
machine code. The organisation is similar to that of the first
year.
2.4 Third Year Compulsory Courses
2.4.1 Computer System Engineering
This course is divided into two halves. The first is a
description of the processes in the development of a
computer from its specification through design, simulation,
production, commissioning and maintenance. An example
of a practical logical system is used to illustrate techniques
used in the design and implementation of control logic. The
second half is an introduction to Analogue Computers and
Analogue/Digital Conversion techniques.
'.2.4.2 Compiling techniques and Operating Systems
The structual properties of programming languages and
a classification of instruction types leads on to a comparison of compiling strategies and a study of the algorithms
used in computers. This is followed by an historical
development. of operating systems and a summary of
techniques currently used in programming operating systems.
2.4.3 Design of a Large Computer System
This course begins with a discussion of the principles of
addressing within a computer. It continues to discuss the
Design of large fast' multi-programmed multi-access computer systems. Topics include:- Input/Output, CPU design,
Arithmetic Units and Storage Hierarchies.

The course concludes with a description of the design
of MUS the Manchester University Research Computer.

2.5 Third Year Optional Courses
2.5.1 Advanced Electronics
The basic physics which is necessary and sufficient for a
circuit designer to understand how to design integrated
circuits is explained. The design of high speed logic circuits
leads into a discussion of the problems of interconnecting
logic circuits and the properties of transmission lines.
Magnetic logic systems are also described. Advanced storage
techniques such as thin film, tu nnel diode, cryoelectric and
integrated circuit arrays are described in detail. There is a
final section on display devices and systems.
2.5.2 Hybrid Computers, Control Systems and Data
Transmission
Various types of hybrid analogue/digital computers and
their areas of application are discussed. Operational amplifiers and various hybrid computing devices are designed and
analysed leading to the specification of a complete hybrid
system.
Programming of hybrid computers and application problems are described.
The basic concepts of control systems are explained,
including a detailed treatment of Linear feedback systems,
system characteristics and system design.
The course concludes with a short section on data
transmission in which practical on-line and off-line systems
are described with a discussion of the properties of
Communications channels, modulation methods and filtering techniques.
2.5.3 Systems Programming
The design of an order code is described from a
software viewpoint. Operating system design and compiling
techniques are discussed. The course includes an analysis of.'
an Algol compiler.
2.5.4 Special Purpose Systems and Advanced Applications
Special purpose systems such as list processing and
simulation are described. Information retrieval and artificial
intelligence are included as examples of applications. The
use of graphical display devices is discussed.
2.5.5 Numerical Analysis and Mathematical Programming
This is an extension of the second year numerical
analysis course. It also includes Monte Carlo methods,
dynamic and non-linear programming.
3. COMPUTER ENGINEERING CONTENT

3.1 Broad Aims
A Computer Engineer is one who designs and constructs
computers based upon knowledge of computer science. He
must be aware of the applications of the computer and how
the user requirements are met by a combination of software
and hardware within the total system. His major responsibilities are to choose" the most effective technology and to
make the computing machine.
Computer technology has changed significantly over the
last twenty years and it is reasonable to assume that there
will still be changes during the career of a practising
computer engineer. His basic knowledge must be techno-

logy independent so that he can adapt to change. However,
he must also know how to understand a technology so that
he may best exploit it. Present day technology is based
upon electronic and magnetic devices. The student should
appreciate the underlying physical principles of these
devices, learn how they may be represented by device
independent models and how they are used in various parts
of a computer system. Modern logic designs are based upon
a family of logic elements made in semiconductor integrated circuits. The Computer Engineer should be able to
design the logic element within the rules laid down by the
Semiconductor Process Engineer, he should appreciate the
reasons for these rules. Having obtained the logic element
the Computer Engineer must evaluate its performance as an
electronic circuit and lay down the loading and interconnection rules for use during the design and construction of
the logic circuits of the computer. In memory system
design the engineer must understand the physical reasons
for the characteristics of the memory devices so that he
may devise efficient electronic circuits for writing to and
reading from them.
The physics and electronics content of the course
cannot attempt to cover all the contingencies of possible
future developments but must be sufficient to cover current
computer technology. It must be presented in such a way
that the student understands the relevant questions which a
computer engineer must ask before he can appreciate the
value of a nell' technology and exploit it.

3.2 First Year
The first year course provides the basic theory necessary for the further understanding of modern technology.
This course was mode)led on a typical first year course in a
department of Electrical Engineering for two reasons.
Firstly, staff members had given such a course in Electrical
Engineering and knew from experience that such a course
formed a satisfactory basis for material covered in subsequent years. Secondly, it allowed Electrical Engineering
students, who had successfully completed a similar course
in their department during their first year and who had
taken a computer science course as a first year subsidiary
subject, to transfer into the second year of the Computer
Science Courseor vice versa.
The main difference between the Basic Electricity,
Magnetism and Electronics course in the Computer Science
Department and such a course in an Electrical Engineering
Department is that examples, chosen to illustrate the
application of the physical phenomena, are drawn from the
computer environment. A typical example is the use of a
magnetic circuit. This anticipates the problems they are
going to consider in greater depth in later years and serves
to remind the students that the subject is relevant to
computer science.
The experiments in the first year laboratory introduce
the students to important measurement techniques and
illustrate some of the phenomena discussed in the course.
The laboratory also provides practical experience in the use
of simple logic circuits and design of simple logic systems.
The aim of the laboratory is to give the students confidence
in using electronic equipment and enable them to become
familiar with basic computer components.

3.3 Second Year
The Electronic Engineering Course in the second year
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endeavours to teach the students how to design linear
amplifiers) waveform shaping circuits and the various
non-linear circuits in electronic computer systems. An
attempt is made to teach the subject independent of the
particular electronic device used. Practical circuits using
modern transistors are analysed but the student is taught to
convert the devices into models and think in terms of the
behaviour of the models. The student is encouraged to take
any device and devise techniques for obtaining relevant
characteristics and hence obtain the model to use in circuit
synthesis. After this attitude has been established the
students are then given a brief explanation of the physical
phenomena in semiconductor devices which produce the
device characteristics tbey have been using in their models.
This course emphasises that the circuit designer must first
of all understand how to use a device and only requires a
brief explanation of its internal mechanism to satisfy his
natural curiosity.
Examples of modern memory systems arc discussed in
detail. The basic memory device is analysed to obtain its
characteristics and to understand how these characteristics
define the specification of the writing and reading circuits.
Ways in which the devices are organised to make complete
systems are described to Jay stress on problems of selection
and sensing. The magnetic core memory is discussed at
length to illustrate how the characteristics of the core place
limitations on the performance of the memory and how by
a thorough understanding of the characteristics of the
device it is possible to invent systems which achieve a
higher level of performance.
The characteristics which a family of logic elements
must have before it can be used reliably in a system are
defined.
Typical modern families are analysed in detail and their
characteristics arc discussed. The process of circuit evaluation and the establishment of design rules arc explained.
Ways in which these rules affect the technique of logic
design are discussed and the students are shown how the
design of logic systems can be based on these rules. It is
emphasised that a computer will not operate reliably if the
circuit performance of the assembly of logic clements is
unsatisfactory. Furthermore, it is demonstrated that a
complete understanding of the circuit performance of a
logic element not only leads to the design of a reliable
system but also leads to designs which are more efficient
than those produced by formal combinatorial Jogic since
the designer has the freedom to modify the basic element
to achieve significant improvements. It is appreciated that
the advent of mass produced integrated circuit logic
families has constrained the circuit designer so that he is
less able to modify the basic circuit to achieve special
features. However the computer engineer should be aware
that it is a constraint which may be removed in the future
and he should be prepared for freedom when it comes.
Several important logic systems are designed. In each
case the object is to produce a practical design and is based
upon the logic circuit and not upon extensive use of
methods of formal combinatorial logic. Such methods are'
taught but are included in the second year applications
COurse to illustrate computer aided design of logic systems.
The second year electronics laboratory provides a
further opportunity to gain experience of advanced electronic measuring instruments applied to the understanding
of circuits in computers. The laboratory also contains
design exercise in which the students practice circuit and
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logical design. In addition to experiments and exercises
which are complementary to the second year lecture
COurses there are experiments on the use of a simple
analogue computer and analogue to digital conversion
techniques.

3.4 Third Year Lectures
The aim of the course on Computer System Engineering
is to outline all phases in the development of a computer
for which the engineer is responsible. The crucial first
phase, where the engineer contributes his expert knowledge
to the preliminary discussion with the software experts and
system users which lead to the engineering specification of
the machine, is discussed and illustrated by examples drawn
from. the specification of machines developed in the department. The subsequent phases of design, manufacture, commissioning and maintenance are identified and located in
the overall scheme. The students are taken through the
stages in the design of part of a computer stressing the
balance which must be struck between cost and speed.
They are taught to look for solutions which are elegant and
will lead to a working unit which is both reliable and can be
understood by a maintenance engineer. Various methods of
implementing the control logic of a unit are described and
their use is demonstrated. They are shown the disciplines of
documentation and drawing procedures which must be
maintained in a large project and introduced to procedures
for simulation of designs and presentation of design information to a factory. Whilst the major emphasis of the
course is on digital computer techniques the complete
computer scientist should be aware of the role of analogue
computing techniques. The basic components of an analogue computer are described and the principles of programming are illustrated by solving simple problems. Conversion techniques, both AOC and OAC, are introduced to
show how signals from transducers in process control and
experimentation may be interfaced to a digital computer
and how hybrid analogue-digital systems may be constructed.
This short compulsory course and the course on the
design of large systems provide all the students with an
insight to the engineering of computer systems. Those
students who desire to become computer engineers must be
expert in the current computer technology by attending
appropriate optional third year courses.
At present the course covers the electronic and magnetic
techniques used in modern computers. Integrated circuits
are used extensively in modern computers and the computer engineer must understand how these are designed and
instructed so that he may appreciate their limitations and
exploit their capabilities by being able to design circuits to
suit his particular requirements. It is appreciated that the
high capital investment in the development of an integrated
circuit means that few engineers will be able to design such
circuits but nevertheless it is felt that an engineer should
have the ability and confidence to design a new circuit if he
is convinced of its value. The students are taught that the
design of integrated circuits is a direct application of basic
principles within the niles of a particular manufacturing
process. These rules merely replace some of those used in
the design of circuits made of discrete components. The
manufacturing process for both unipolar and bi-polar transistors in integrated circuits are described. The development
of high speed integrated logic circuits is used as a design
example which leads on to the next part of the course

dealing with the problem of interconnecting circuits. The
properties of transmission lines are discussed, in particular
the properties of strip transmission lines used in multilayer
interconnections and the sorts of interconnection patterns
in existing random access memories. Termination of lines
by linear and non-linear components is described with
particular reference to termination by logic circuits.
Logic circuits based on magnetic components are analysed in detail leading on to a thorough treatment of thin
film storage systems. Recent storage techniques such as
tunnel diode and cryoelectric memories are described to
bring out the particular characteristics of the storage element in each case. The cathode ray tube store is included
for historical reasons and to lead into a discussion of the
use of a CRT as a computer output device.
The design of several graphical and alpha-numerical display
systems is analysed.
Integrated circuit memory arrays are illustrated by
examples of commercially available devices including the
associative memory-word organised read memory cell developed by the department as part of the research program
leading to the new research computer, MU5_ The implications of using such devices in a complete memory system
are explained.
This course should enable the graduate to contribute to
the design of the basic devices and components in the heart
of a digital computing system. A computer engineer should
also be concerned with peripheral engineering activities,
such as data transmission and control systems, and understand how certain problems may be solved by a hybrid
combination of analogue and digital techniques. This material is covered in a second optional course. This' course
begins by outlining the areas of application of hybrid
techniques and goes on to describe the design of the basic
elements of such a system. These clements include: operational amplifiers, analogue switches and stores, hybrid
multipliers and digital potentiometers. The problems of
interconnecting these to form a complete hybrid system are
discussed. The programming of such a system is outlined
and the need for supporting software is established. The
application of hybrid computers is illustrated by examples
of the solution of flight simulator and partial differential
equation problems.
The control systems part of the course includes an
explanation of the basic concepts of linear feedback systems by considering the transfer functions of common
system components and the types of system which can
occur. Basic systems are analysed to determine their characteristics. Performance and stability criteria are presented
and methods to assess and achieve stability discussed at
length. Practical off-line and on-line data transmission
systems are analysed to introduce the concept of supervisory control systems and the treatment of transmission
errors. The properties of various communication channels
and methods of signalmodulation are described. The design
of passive and active filters for use in data transmission
systems and elsewhere in a computer system is explained.
This course provides a base on which the computer engineer
can build his knowledge by future experience.

3.5 Third Year Project
During the first two years of the course the students
attend formal laboratory classes where they perform set
experiments and design exercises. The students seem to
derive much benefit from any opportunity to use their own

initiative in design or experimentation. In the third year
they are given an excellent opportunity to use their initiative and develop practical skills in the implementation of
a project. The engineering projects include topics in circuit
and memory system design, peripheral equipment systems
and design and construction of small computer systems
based on a family of basic logic circuits. The project gives
the student an opportunity to gain practical experience of
the techniques discussed in the lecture course. It also
introduces him to a practical environment in which he must
schedule the ordering of components, give instructions to
technicians and document his work so that the project may
be continued by other students in future years, or that the
facility he has developed may be maintained for use in later
years.
3.6 TIle Student Intake
Experience over the first few years has indicated that
there are ten applicants for every place offered. This has
made it possible to insist on a high standard of entry
qualification.
The present entry requirements are A-level passes in Mathematics and Physics to at least grade B. Students considering
this course are recommended to take Further Mathematics
as a third A-level subject. Prior to admission the students
arc asked whether they think they wish to build or use
computers as their career after graduation. More than one
third opt to use computers, less than one third desire to
build them, the remaining third prefer to reserve judgment.
Thus the majority of the students do not begin the course
with a dedication to engineering.

3.7 Method ofPresentation of Computer Engineering
The majority of the students in an Electrical Engineering course have taken the decision to become engineers
at the outset, whereas most Computer Science students are
not dedicated engineers. It is necessary to arouse their
interest in the subject for them to derive the maximum
benefit from the course.
The engineering subjects run concurrently with other
subjects in the curriculum. Subjects such as programming
have an obvious direct relevance to computer science. In
the engineering subjects the relevance to computer science
is not always immediately obvious. The student's interest
quickly moves away from any topic which he judges to be
irrelevant. It is therefore necessary to present the material
in a manner which makes clear its relevance to computer
science.
In an Electrical Engineering course topics receive reinforcement from different courses in the same year and
consecutive years. This may be exploited in the method of
presentation of a particular subject by allowing certain
points to be treated superficially since they will be, or will
have already been covered in depth in some other course. It
is not possible to do this to the same extent with the
engineering topics in a Computer Science course. There is
much reinforcement in the application of computer devices,
but there is little reinforcement in the techniques of device
design. This reinforcement must come within the course
and its related teaching laboratory.
Relevance to Computer Science and reinforcement
within the same course are the two main points to be
considered in the planning of the method of presentation of
a course. An example of such a course is the teaching of
linear amplifier design.
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Relevancy is achieved by showing how a computer
storage system requires a linear amplifier to raise the signal
level read from the storage device to one suitable for
interfacing to standard logic circuits. The properties and
specification of an amplifier are discussed. The characteristics of a junction transistor are described and represented
by simple models. It is then pointed out that these
characteristics match the specification of the amplifier. A
simple amplifier, based on the models of the transistor, is
designed and the students are encouraged to design similar
amplifiers in the teaching laboratory and in set examples.
Returning to the problems of the storage system, topics
such as amplifier frequency response and the existence of
common mode and differential mode signals are introduced. As each topic is introduced it leads on to another
stage in the developmen t of the linear amplifier.
Reinforcement is achieved by repeating an amplifier
design several times; each time repeating many of the steps
as well as introducing a new requirement or improvement.
By this process it is possible to arouse interest to the
point where some students become interested in the subject
in its own right and certainly where the majority of
students begin to enquire into the reasons why the devices
operate. At this point it is possible to introduce the basic
physical priciples which explain the operation of the
semiconductor devices used.
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4. CONCLUSIONS
The third batch of students graduate from this course in
June 1970. The computer engineering content of the course
will have given all of them a concise account of computer
technology which will enable them to judge its power and
its impotence. The computer engineers will have been given
a sound framework of knowledge on which to build their
future learning and experience. They are in great demand
by industry and previous graduates have proved to be useful
research students.
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A

LOWER DIVISION COURSE SEQUENCE
IN

COMPUTER

SCIENCE

Richard H. Austing

I. INTRODUCTION

2. CURRICULUM

2.1 Degree requirements
Each student must complete the following minimum course
requirements to receive a Bachelor of Science degree in
computer science:
(a) 33 credit hours of computer science courses, at least 24
hours of which are at the upper division level;
(b) the basic calculus sequence for mathematics majors;
(c) 24 credit hours in a supporting field, at least 18 hours of
which are at the upper division level;
(d) whatever courses are required by the university in
addition to those included in (a)-(c);
(e) electives to satisfy the total credit hour requirements
(approximately 120 hours) for the degree.
Because of the structure of a particular university it might
be· feasible to require the electives in (e) to be grouped so
that a minimum number of elective hours might be imposed
in the social sciences, for example, or in business, or in
engineering, or in the natural sciences (including mathematics), or in each of two or three of these areas.
In any case, the student should be allowed many free
electives. Computer science is interdisciplinary and any
student involved in it should be encouraged to pursue his
own interests as part of this program. Furthermore,
computers supposedly free a man to perform more
meaningful services than he could do without a computer
being available for his use. A computer science program
should enable him to acquire some of the background for
these services in an area or areas of his own choosing.
Because of the impact of computers on society and on
individuals in society, a computer science program should
be relevant to the student. It should not only provide him
with theoretical and practical information related to computers but also provide the student an opportunity to equip
himself in at least one other discipline for this impact. In
short, the proper control of computers as they affect
society must be understood by a computer scientist. By
allowing him to choose electives with guidance and not,
therefore, restricting his curriculum unnecessarily, the
undergraduate program can help to prepare him for the
challenges ahead.

The following comments on the curriculum for the
bachelor's degree are intended to provide a frame of
reference for the proposed lower division sequence of
computer science courses. The curriculum is based on an
academic year consisting of two semesters and approximately forty-five contact hours per semester for a
three-credit course.

2.2 Lower division requirements
During a student's first two years as an undergraduate
he would be expected to complete the following:
I) a four-course sequence in computer science;
2) a calculus sequence;
3) general course requirements of the institution; and
4) basic courses in his fields of interest.

Academic programs leading to masters and doctoral
degrees in computer science have become an established
fact of life in colleges and universities. Of course, there will
always be development and change within a program but
the need for a program is no longer seriously challenged.
Similarly, implementation of computers in the secondary
schools is gaining wider acceptance. The growth of computer science programs at the graduate level and in the use
of computers at the secondary school level creates an
obvious gap in education in computer science, namely, the
shortage of substantial undergraduate programs. Certainly
bachelor degree programs exist and a number of them are
being planned (see Hamblen [1969] for the results of a
1966-67 survey), but the current activity at the undergraduate level largely consists of courses that are really a
part of a graduate program (or prerequisite for such
courses) or are service courses for students majoring in
other fields.
The need for guidelines and standards for undergraduate
compu ter science programs was cited in ACM [1968] by the
Curriculum Committee on Computer Science (C 3 S) of the
Association' for Computing Machinery. Recommendations
for degree programs and descriptions, outlines and bibliographies of specific courses were given for both the
undergraduate and graduate levels. In particular, the following four computer science courses were considered basic
for a major in computer science:. Introduction to Computing, Computers and Programming, Introduction to
Discrete Structures, and Numerical Calculus.
The four-course sequence of computer science courses
presented in this paper provides a substantially different
alternative to the basic courses in "Curriculum 68". A
student completing tire proposed sequence as part of the
curriculum specified below should be adequately prepared
for the upper division computer science courses described
in "Curriculum 68" and in catalogs of colleges and
universities offering degree programs. No attempt will be
made to discuss such courses.
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A sample curriculum would be as follows. Particular items
in it arediscussed below. FIRST YEAR
First semes ter

Credits

Introduction to Programming
Calculus I
General

Fields (If Interest

0-1
3-4
6-9

6-9
15-20

Second Semester

Credi r s

Computer Science I
Calculus 1]

3
3-4

General
Fields of Interest

6-9
3-6
15-19

SECOND YEAR

Computer Science II
Calculus III
General

Fields of Interest

3
3-4
3-9
6-9
15-19

Computer Science III
calculus IV
General
Fields of Interest

3
3-4
3-9

-.H
15-19

The calculus (or mathematical analysis) sequence is
required in the curriculum for a number of reasons. (I) It
appears to be one of the standard prerequisites for entrance
into graduate programs in computer science throughout the
country. (2) Certain areas within computer science utilize
material found in upper division mathematics courses which
have calculus as a prerequisite. (3) Calculus courses are now
being given which use the computer "as an aid to learning
the concepts and processes of the calculus with specific
emphasis on numerical calculation and problem solving"
CUPM [1969]. A calculus sequence of this type would
complement a non-mathematically oriented computer
science course sequence as proposed. (4) There is general
agreement (but no substantial evidence) that persons with
the capability to do well in basic mathematical analysis
make the best programmers. Ability to program well should
be one of the attributes of an undergraduate computer
science major. (5) A calculus sequence (or portion of one)
is required of majors in a number of disciplines. The
computer science major, therefore, will be in a position to
choose any field(s) as his option(s) provided he is
adequately advised concerning other prerequisite courses in
the field(s).
The role of the faculty advisor during these first two
years is a critical one. The advisor must encourage the
student to coordinate his courses so that he is as well
prepared as possible to follow whatever option(s) he
intends -for his third and fourth years. Furthermore, the
student should be in a position to change majors if he so
desires during the first two years with very little, if any, loss
in time. These considerations are particularly important
because the student has a tremendous choice of courses and
fields available to him. Unless he is carefully advised, he
could do too much shopping around for courses of interest
to him and miss courses that he would need. Before the
student begins the last semester of his second year, he
would be expected to discuss with his advisor the options
available to him during his next two years, plan a tentative
program and review his curren t program to insure that he is
prepared for what he wants to do. For some time after the
degree program is established, a certain amount of trial and
error on the part of advisors and students is inevitable. This
will diminish rapidly as the program matures and as
feedback from upper division students and graduates is
incorporated into the system.
3. LOWER DIVISION COMPUTER SCIENCE COURSES
A key item in an undergraduate degree program in
computer science is the sequence of lower division courses.
Primarily, these courses must provide a solid foundation for
more advanced work in the field. However, at least one or
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more of them will also be used as service courses by
students from various disciplines to better equip themselves
to handle problems in these disciplines. If the sequence is
designed to serve only the primary function, then a separate
sequence (or, at least, a separate course) will be needed that
is geared to other majors.
If the latter sequence is not adequately provided by the
computer science department, then individual departments
will begin offering their own computer courses.
The proposed four courses in computer science are
intended to serve a dual role and thus avoid unfortunate
duplicity in course offerings. Computer science majors
should find that the sequence is to computer science what
the calculus sequence is to mathematics. A large number of
students in other fields will need no more formal training
than the first course will provide. Students wanting or
needing more computer science background, however,
should discover that each successive course in the sequence
will provide them with greater programming experience and
deeper appreciation of the extent of the discipline.
A student completing the sequence should possess all of the
following:
a) ability to construct algorithms for solving a variety of
different types of problems;
b) thorough knowledge of several different kinds of higher
level languages (e.g, ALGOL, PL/I, FORTRAN,
SNOBOL, COBOL) and an assembly languange;
c) extensive programming experience in the languages;
d) familiarity with concepts of algebraic structures, graph
theory, Boolean algebra, and elementary logic, particularly as they are applied to compu ter science;
e) comparative knowledge of the structure, characteristics
and capabilities of current generation computers; and
I) experience in the use and organization of a particular
computer system, including a reasonably sophisticated
monitor, I/O handler, library routines, etc.
The goals given in aj-f) could serve as a rough outline for
the four-course sequence in computer science. Each course
is the only prerequisite for the next course in the sequence.

3.1 Introduction to programming
The course, Introduction to Programming is intended to
be at most a one' credit laboratory-type course meeting
twice each week. No computer knowledge is assumed and a
higher level language would be taught. The course would
provide a student with details of the language, basic
concepts of problem solving using computers (including
analysis, algorithm construction, flow-charting, coding,
debugging and testing) and programming experience. The
kinds of problems a student would be expected to solve by
programming could include sort-merge techniques, simple
games, evaluating series expansions, constructing magic
squares, or cryptograms.
Anyone of a large number of existing introductory
programming books could be used as a text for this course.
Manufacturers' manuals could also be suitable texts.
This course could also be taken by other majors at any
level in their curricula since there are no prerequisites for
the course. It might be feasible to teach different languages
in different sections. Naturally, any student with equivalent
experience would not be required to take the course. He
would then begin the sequence with Computer Science I as
early as the first semester,

3.2 ComputerScienceI, II, III
Computer Science I, II and III are three credit courses
consisting largely of lectures but including occasional
discussion sessions and workshops in which programming
details and/or ideas pertaining to specific projects are
explored. The exact mix of class types during a given
semester would depend on the instructor, the number of
students, and the material being covered.
Because a student learns a great deal about programming
and computers by doing the programming, six to eight
projects per course should be assigned along with other
homework assignments. These projects should introduce
the student to the various fields within computer science in
addition to developing his problem solving ability. Initially,
the student could be given some help in the analysis,
algorithm construction, flow-charting and testing phases of
solving a problem, but he should eventually be required to
handle the entire process on his own, even for substantial
'problems. The duration of the projects could range from
two to five weeks. The content of each course might vary
considerably among institutions, but the totality of
material covered in the three semesters should be
reasonably constant.
Computer Science I could include elementary treatments of the following concepts: automata; computer
organization; trees, graphs, algebraic structures, Boolean
algebra and logic; information (data and storage) structures;
and assemblers, compilers and interpreters.
Projects in the course could illustrate such topics as
Turing machines, simple compilers, simulation, numerical
methods, and file management. The student should program in the language used in the course Introduction to
Programming. It would be desirable to introduce a second
higher level language with the expectation that interested
students will experiment with it on their own. No project
should require its use. Whether or not a second higher level
language is introduced, a different kind of language (e.g.
SNOBOL) should be presented in Computer Science I and
at least one project (e.g. text editing) should be assigned for
which the language is more suitable. than the one used in
the introductory course.
Existing texts suitable for this course are scarce. Books
by Forsythe et, at, [1969], Gruenberger [1969], and Rice
and Rice [1969], or a combination of them, could be used
with implementation and/or careful selection of material.
Selected topics from Korfhage [1966] could be interspersed
throughout the course (and the courses Computer Science
II, Ill).
Computer Science II could include material which
would extend the concepts introduced in Computer Science
I both by assigning carefully selected projects and through
lectures and discussions. The course's primary thrust,
however, should be to thoroughly ground the student in
assembly language programming. The specific language used
should be the one implemented on the computer at the
institution (rather than a hypothetical computer language).
In parallel, the structure, characteristics and capabilities of
that computer should be presented. Also, the corresponding
hardware and software of a representative sampling of
current-generation computers should be compared.
Manufacturers' manuals should be required for this
COurse. Books by Gear [1969] and Maurer [1968] could
provide supplementary material on hardware, software and
applications.
Computer Science III could continue the topics in

Computer Science II. Its principal purpose
would be to
introduce the student to computer systems. He should
acquire experience in the implementation of monitors and
executive systems, library routines, multiprogramming,
multiprocessing, time-sharing, peripheral storage devices,
and I/O handling. As in Computer Science II, these
concepts should be related mainly to the specific computer
system available to the student but other current generation
computers should also be surveyed. Projects should require
a system programming approach and could include, for
example, microprogramming and emulation.
Instructor's notes, manufacturers' manuals and selected
readings from the literature would serve as substitutes to a
text for this course.
In general, the material covered in these courses can be
assimilated better by a student when it is spread over four
semesters. Not only does he have more time to master
concepts but also he receives more exposure to the
computer. Condensing the sequence into fewer semesters
with, possibly, more credit hours per semester would be
detrimental to the student. Even if the same amount of
material could be presented in fewer semesters, the amount
of programming experience obtained by the student would
be decreased. Either smaller projects would have to be
assigned because of the shorter time span for presenting
material or fewer projects could be assigned.
4. STUDENTS
The advantages of initiating the proposed computer
science sequence in an institution must be weighed
carefully against the definite likelihood of overextending
the department's faculty and computer facilities. The
sequence should have a great appeal to a large variety of
students.
There is already ample evidence that computer science
degree programs at any level attract large numbers of
students. It is reasonable to assume, therefore, that computer science majors will constitute a sizeable part of
student enrollment in the lower division course sequence.
However, the courses would be available to any undergraduate students regardless of major field because of the
absence of prerequisites from fields outside of computer
science. In fact, the impact of computers is such that the
courses Introduction to Programming and Computer
Science I could be considered practical necessities 'for
anyone receiving at least a bachelor's degree.
The proposed sequence could be given in the two-year
curriculum of junior (or community) college. Students
desiring to transfer to a college or university could then
receive full credit for computer science courses taken at the
junior college.
Currently the situation is quite a bit different. Most junior
colleges offering computing courses, have a data processing
sequence. Some junior colleges also have a scientifically
oriented sequence. At best the student must choose
between curricula and is heavily penalized if he makes the
wrong choice.
In particular, very few if any credits for data processing
courses are accepted for transfer credit by computer science
departments. A standardized lower division course sequence
in computer science would be a major step toward solving
the problem.
Students, particularly graduate students, who find that
they need material from the lower division (or more
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advanced) computer science courses will have the disadvantage that none of the courses would count for credit in
their degree programs. These students are in the same
situation, for example, as students who realize they need
some advanced mathematics in their field but have not yet
begun the calculus sequence. Either they take the appropriate courses or study the material independently.
None of the material in the basic sequence is above the
lower division level.

science concepts (in contrast to having a separate
applied mathematics course in discrete structures as
proposed by C3 S and implemented in a number of
universities).
(5) It does not require a mathematical approach to the
subject matter, but, for computer science majors, it does
assume a calculus sequence is being taken concurrently.
(6) It is appropriate for implementation in junior colleges.
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I. INTRODUCTION

The colleges and universities in the United States have
been expanding their offerings of courses and programs
relating to computing at a rapid pace. During the period of
1964-65 to 1968-69 the number of students working
toward a compu ter science degree has increased approximatelv 330% (from 5.652 to 24.125)'. At the same time
the number of students who were not computer science
majors but who were trained to use computers by, as a
minimum, learning at least one computer language rose by
295% (from 147.892 to 430.961). These increases were a
recognition of two factors; first that society needed well
trained and educated young men and women to staff the
growing number of computer installations, and, second,
that computer science in itself is an academic discipline
worthy of inclusion in the curriculum of the university.
Educational institutions do not generally react rapidly
to either technical or social changes. Therefore it is
interesting to examine the source of the leadership that lead
to such massive acceptance of the need for courses in
computer science. Recognizing that a problem existed in
computer science education the Association for Computing
Machinery (ACM) established a Curriculum Committee on
Computer Science under the leadership of Dr. W.F.
Atchison. From 1962 to 1963 this group existed as a
subcommittee of the ACM Education Committee. In 1964
it became an independent ACM committee. In 1965 it
published its first report 'An Undergraduate Program in
Computer Science - Preliminary Recommendations.'? In
1968 it published 'Curriculum 68 - Recommendation for
Academic Programs in Computer Science." These two
reports were to have major influence on the development of
computer science as an academic discipline,
During the same period, 1964-1969, there was a growth
in academic departments offering such educational opportunity. In a study Hamblen? estimated the number of such
departments by the name of the program and level of the
program as follows:
These estimates coupled with the enrollment estimates
discussed earlier clearly demonstrate the rapid growth. At
this time signs indicate that in the near future there will be
no diminishing of the past rate of growth of such new
departmen ts.
"
With this background into the national trends we
prepare to discuss the emergence of a single department.
The reason for this is to demonstrate the problems that
arise in a rapidly growing new discipline as well as the long
period of planning necessary.
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2. THE DEVELOPMENT OF A SPECIFIC DEPARTMENT
In the fall of 1961 the President of the Pennsylvania
State University appointed a steering committee on the
Computer Related Sciences to investigate and recommend
what the University should do academically in the field of
computer science. At this time the University had two
academic units offering courses in computer science. The
College of Engineering offered a beginning and advanced
course in computer programming and the mathematics
department offered courses in beginning programming and
numerical analysis.
The computer center had just installed an IBM 7074 to
replace the previous IBM 650. The electrical engineering
department was operating the PENNSTAC digital cornputer. This computer was designed and built by the
electrical engineering faculty and students and was used
primarily by the engineering college and only slightly as a
service type computer center. All of the programming
courses used the IBM 7074 in the computation center.
The steering committee sought the guidance of the
personnel of the computation center and others. This group
made several recommendations to the steering conunittee
which were approved and passed on to the President of the
University. These recommendations were:
I. That the responsibility for teaching courses in
computer science, including courses in computer programming, be assigned immediately to a specific faculty body in
order to insure that these courses have proper universitylevel academic content, be effectively taught, and be
continually improved and upgraded in accordance with
developing professional standards.
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2. That a curriculum leading to the degree of Master
of Science in Computer Science be developed and offered
by the University at an early date in order to meet a rapidly
growing demand for men professionally trained in this new
discipline.
3. That a Department of Computer Science, distinct
from the computation center, be organized within the
regular academic framework of the University to assume
permanently the joint responsibilities for providing service
courses in computer science and for the proposed M.S.
program. Creation of this department was considered
essential to insure proper intellectual and academic
environment for execution of instructional and research
activities in this new academic discipline.
The most significant aspect of these proposals is the
responsibility for the development of computer science be
vested with a specific faculty body and in fact this body
should be a department. It is important to note that it did
not propose computer science as a speciality in one or more
departments, not an interdisciplinary program, not a
program administered by the computer center, nor anyone
of the multitude of organization that have been proposed
and adopted by other institutions.
Another significant aspect of these recommendations,
which is not stated but implied in the proposal for a
department, is that computer science is an academic
discipline suitable for University study.
Computer science is a unique discipline. which has grown
out of mathematics, science, engineering and commerce. It
has drawn heavily from each of these as a source of ideas,
techniques and inspirations. It is not, however, a part of
any of them, but a discipline in its own right creating its
own ideas, techniques and future.
Following the recommendations the mathematics department was charged with the responsibility for teaching
courses in computer science and providing the agar for the
growth of a faculty group. In 1963 courses with the title
Computer Science were offered. At the same time the
Master of Science in Computer Science degree was
authorized and a special effort was launched to build up the
faculty in computer science and to locate a department
chairman.
In 1965 a department was approved and a head
recruited, further the department was authorized to award
the Ph.D. in Computer Science. In the past five years the
department growth has been phenomenal. The faculty has
grown from 5 full time equivalent faculty members to 22
full time equivalent. Course enrollments have gone from
1500 students per year in 1965-66 to 3600 students per
year in 1968-69, a growth of J35%.
The growth in course enrollments is depicted in Table I.
It is interesting to note that the number of students in
beginning courses has doubled, but that the enrollment in
intermediate level courses has increased more than seven
fold. The growth patterns in each area is shown in Table 2.
The expansion in the graduate courses hasn't-been quite-so
fast, but still a very significant increase. The exceptional
growth at the intermediate level can be attributed to several
factors. The most significan tare:
(I) The immergence of computer science as an academic
disciple with intellectual challenge and applicability to
an ever increasing number of other field of endeavor.
(2) The growth of the graduate program, which has
progressed from a handful of students in 1965 to over
100 in 1969-70.
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(3) The establishment in 1967 of the degree Bachelor of
Science in Computer Science. The program now has
over 325 students.
The undergraduate program consists of three major
parts: general education, related technical and computer
science. Seventy (70) of the one hundred twenty-four (124)
credits needed for graduation are in the fields of
communication skills, foreign languages, science, social
sciences, arts and humanities. These courses are included so
that the graduates will be able to understand, live in and
enjoy modern society. The related technical courses are in
mathematics, statistics and technical electives in an area of
computer applications. The computer science section
comprises twenty-seven credits and is also sub-divided into
3 areas: required basic, required advanced and elective
advanced. The required basic course are algorithmic
processes, assembly language programming, numerical
calculation and introduction to the foundations of
computer science. Systems programming, data structures
and the structure of programming languages are required of
all students and form the heart of the program. To round
out his computer science education a student chooses two
courses from graph theory, numerical analysis, foundations
and logical design.
-

3. THE UNDERGRADUATE PROGRAM
In any educational endeavor the students are the most
important ingredient. The faculty, curriculum, location of
the department, library, etc. are secondary. The purpose of
the curriculum is to facilitate the educational processes as
much as possible and, consequently, must be geared to the
students at hand. The knowledge and special talents of the
faculty must also be considered, as well as the general
university requirements.
From observation of our students it is possible to make a
few generalization. Students interested in computer science
are intelligent. Those who take to programming tend to be
good problem solvers. They are hard working and willing to
put in long hours. The curriculum should be designed to
allow for and to capitalize on these characteristics. One
problem or opportunity, depending on how it is viewed, is
the exceedingly large and continuously growing number of
students interested in computer science.
The program at the Pennsylvania State University has
grown from a small group 3 years ago to the largest in the
College of Science with over 325 majors. The number
would be much higher, if we would accept all interested
students. There is a tendency for students who are not
doing well in the original program to try to jump on the
current bandwagon and become computer science majors.
There are also students who are captivated by programming, but do not have the intellectual capability or
academic discipline to successfully complete the bachelor
of science program in compu ter science.
These students are encouraged to pursue their interest in
computation through one of the other programs in the
University, as their chances of success in the computer
science program are poor.
The next most important ingredient in the educational
process is the faculty. There are many questions concerning
the faculty in computer science. The first is, where in the
educational organization is the faculty to be located? In
order to insure that the course and research effort in the
field of computer science not be slighted or given a

secondary position, it is essential that there be a full time
computer science faculty. There are in many universities
some "faculty members in various departments who are quite
knowledgeable in one or more aspects of computing.
Also there are faculty members who are very proficient
users of digital computers. Some of these people could
undoubtedly teach very fine courses in a variety of
computer related subjects. But unless there is a well defined
faculty group which has clear responsibility for the
educational and research activities in computer science, this
es;ential area will not florish because there is too much
work to do to leave it to professors whose allegence is
elsewhere and who can only engage in these activities
part-time. As a temporary measure it might be both useful
and necessary to go through one of the temporary
expediences such as an interdisciplinary program, a
subsection of another department, like mathematics,
electrical engineering or the computer center. It should be
kept continually in mind that these measures are only
temporary and recognition of the need to create a separate
faculty in Computer Science should be ever present.
The universality in the areas of application of computers to most academic areas makes the computer
science department similar to the mathematics department.
Thus, whatever unit of the university the mathematics
department is located, is probably a good location for
computer science. The fact that it shares some common
characteristics and problems with mathematics and statistics suggest that some alliance between the three groups
might be useful. Unlike mathematics, however, computer
science has a unique dependence on special hardware. Since
electrical engineering also has interest in digital computers,
even though these interests arc different, it might be
appropriate for the faculty interested in computation to be
associated with electrical engineering. The most important
criteria for the location of the department is where will it
be given the encourage men t and ·support necessary to grow
and develop into a valuable independent academic entity.
The faculty as a group must be able to offer a wide
variety of courses in numerous diverse areas ranging from

foundations of computer science, to numerical analysis, to
computer system, to applications. Although in the research
areas it is not essential to have all of the areas covered, it is
the interaction of the various subfields with each other and
with the applications areas that gives computer science its
unique and exciting atmosphere. If one could locate
prospective facility who have done most of the academic
work in computer science, it would help, but not solve the
problem of assembling a faculty with the necessary skills.
Since this is not currently possible, although the number
of Ph.D.'s in computer science is growing rapidly, it is
necessary to look elsewhere. The most promising places to
look besides computer science are in mathematics, electrical
engineering, the computation center and the applications
areas.
It is important to remember that although the faculty
might be very heterogenous with respect to its academic
training and experience, it must in most of other respects
be homogeneous. Hopefully the fascination and dimensions
of digital computing will provide the bonds that hold the
faculty together. Since most of the initial faculty do not
have a broad training in computer science and since
information processing is such a rapidly expanding field, it
is especially important that the faculty grow and develop
both with respect to the breadth and depth of their

knowledge related to computing. This can be enhanced by
several techniques. One is to have light teaching loads so
that the faculty have time for study and contemplation.
Another is to schedule their courses so that they teach
some new material each year. The most important,
however, is the creation of an atmosphere of scholarship
and academic inquiry.
Many of the supplemental activities can contribute to
creating the atmosphere of intellectual curiosity. A high
quality library containing a wide variety of the multitude of
books and journals associated with the computer related
sciences should be easily accessable to the faculty and
students. The ever increasing number of applications and
techniques and the rapidity with which the field is evolving
requires an extra effort on the part of faculty to keep
abreast of the subject. Thus, seminars, colloquia, and
attendence of professional meetings should be encouraged.
There are several aspects of computer science which
must be taken into special account as the curriculum is
planned. It requires a broad coverage, but the students have
a very limited time. The newness and dynamics of the
discipline make it difficult to keep courses up to date. The
limited faculty resources render it difficult to cover all
aspects of computing adequately. The special needs for
computer equipment cause the courses to be expensive. But
most of all the basic fundamental principles, ideas,
definitions, etc. have not yet been codified and presented
to the computing community. Great strides have, however,
been made in this direction recently. Thus, the undergraduate program must be somewhat fixed so that the student
acquires the knowledge and skills necessary and at the same
time it must be flexible enough to be modified as the
subject and the faculty evolve.
The curriculum can be separated into four basic
sections: (I) the introductory programming (both algorithmic and assembly). These courses would also contain the
basic fundamental ideas and definitions; (2) the basic
theoretical areas of numerical analysis, logic and discrete
structure; (3) the intermediate courses in the structure of
computers, systems information and languages; (4) advanced courses in these and other areas.
The courses in the first two areas are becoming more settled
and established and should not change too rapidly.
With the introduction of new texts and survey articles
the material in the 3rd category is becoming established and
changing less rapidly than a few years ago. Since these
courses form the heart of a computer science program, they
must be kept up to date, but should not change too
radically. The last area includes a great variety of subjects
not all of which need be in the curriculum, but for balance
and breadth of coverage, a number of them should be included.
The relation of the department to the computation
center is a confusing one. In some respects the department
is like all others in that it is another user of the equipment.
It is, however, in most other instances different. Without
proper computing equipment the computer science courses
would not be effective. The computer scientist· not only
uses the digital computer as a tool, but he endeavours to
answer questions about and gain insight into the representations and transformations of computer and information structures. Consequently, for the computer
science department this equipment is the very heart of the
activities. These reasons require the computer science
department to have special working arrangements with the
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computation center and where appropriate its own
computing equipment.
The computer center is a service organization designed
to provide the research and educational computing facilities
needed for the University to carry out its many objectives.
The computer science department is a teaching and research
organization charged with providing the necessary instructional program to equip students both professional
computer scientist and others with the necessary knowledge
and skills to live and work in modern society. Thus, the two
have different goals. Since there must be a resource of
computing knowledge and manpower in the computation
center, the department and the center might find it mutually
advantageous to share some personnel and other resources.
The computer science department, however, should be the
focal point for computer science at the university.
4. CONCLUSION
The establishment of computer science department
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presents a series of problems to the institution. The
department should be independent of others' with equal
standing in the organization. It requires a relatively large
and usually expensive staff. And it must have available
adequate computer facilities. With these basic ingredients it
can then start to develop programs and service courses to
meet the needs of the students and through them the entire
society.
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L. Bolliet

l.

INTRODUCTION

During 1966, the French Ministry of Education began
the development of a new educational framework for the
training of informatics technicians at university institutes of
technology.
Young people who had graduated to the "baccalaureat", or equivalent level of education, were able to
receive a two years' course of training at one of these
institutes, in order to provide them with a sound basic
knowledge of informatics, sufficient to provide an
opportunity for their useful employment in industry.
Apart from the large number of specialized departments
at each institute, one was devoted to the subject of
informatics, and our paper describes the general framework
of this particular department.
2. ORGANIZATION OF EDUCATION
The education covers two years (6 terms of three
months).
The weekly schedule of some thirty hours comprises: 1/ 3
of courses, and 2/3 of specific and practical jobs.
At the end of each term, students must take examinations
in all subjects taught during that term. The last term of the
second year is devoted to periods with a data processing
department belonging to a private or business enterprise.
During that stage, students prepare a thesis on a concrete
informatics problem with respect to management, which
they are expected to defend before a jury. The mark
awarded for this thesis is added to the marks obtained
during the other five terms in order to qualify for the
University of Technology certificate, majoring in Informatics.
The number of hours is practically equally divided over
three principal subjects:
mathematics of informatics
- computer programming and technology
- management techniques.
The most important of the subsidiairy subjects is Technical
English, which is considered to be the international
language of informatics.

2.1 Mathematics ofinformatics
Mathematics is taught with special emphasis on the
essential topics of informatics: COding-number systems logic elements - numerical calculation techniques - matrix
calculus - probability and statistics - elements from the
theory of graphs and operations research.
Starting in September 1970, part of the practical jobs will
be performed via consoles which are linked to the APL
system of Iverson and Falkoff.

2.2 Computer Programming and technology
This covers four large areas:
2.2.1 Computer technology:
Study and operation of central units and peripheral
equipment (readers, printers, magnetic tapes, magnetic
disks, drums, teletypes). These subjects are not approached
from a descriptive, static point of view, but rather in order
to comprehend the operating mechanism, by way of an
algorithm, of the functional computer units.
2.2.2 Algorithms and data structure:
This is the major section from a methodological point
of view, since it is intended to introduce and illustrate the
concept of the algorithm and its usage in informatics,
Data structure of the presentation of typical information
organizations associated with specific processing; the
following structures being defined and introduced: chains,
tables, lists, packs, queues, indexing, tree structures, graphs
hash coding.
2.2.3 Programming systems:
Study of elementary programming techniques at the
machine language level: assembling - loading - symbolic
machine languages.
Instruction in at least one high level programming language.
Study of the operation of an assembler, a loader, and a
compiler.
2.2.4 Operating systems:
Study of an operating system from a functional point
of view: the operating system allows for the application of
a certain number of functions on the files: assembly,
loading, compiling, execution, reading, writing, updating.
Instruction in at least one command language for a
middle-sized computer.
Knowledge of fundamental concepts of system programming: process - parallelism - synchronization re-entry programs - subroutines - events - resources multiplexing - input/output control - algorithms for
resource sequencing.
2.2.5 Practical jobs are carried out, as far as the
technological part and programming elements are
concerned, on a PDP-B, for whicha timesharing system was
developed allowing for assembly and "execution in conversational mode of machine programs via 24 consoles.
Starting in September 1970, the APL system will be used
for the section on algorithms and data structure.

2.3 Management techniques
Teaching of management techniques introduces ele-
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ments of bookkeeping, financial control, and business
economics, thus allowing for the analysis of management
problems and for developing solutions based on the usage
of informatics tools.
3. EVALUATION OF EXPERlENCES

The first four years of operation at the new Institutes,
which have so far resulted in three complete graduation
years, have given rise to adaptation, improvement and
modification. The formula to include a compulsory period
in industry during the training programme has been very
useful both for students and teachers.
This new type of university education, which provides
young people with a higher technical education, in order to
qualify them for a job in industry, still needs to be further
developed and diversified, especially in the field of informatics and its applications.
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A
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COMPUTER
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SCIENCE-

EXPERIENCE

Gordon Michael Bull

I. INTRODUCTION

In September, 1964 we started to discuss the idea of a
four year sandwich course leading to a Bachelor of Science
degree in Computer Science. At this time the academic staff
of the Computer Unit - a section of the Department of
Mathematics - consisted of three people, one of whom was
on a one year sabatical leave. Thus the drafting of the
original scheme was mainly the work of two people - both
mathematicians by background. To offset this obvious bias
and our lack of knowledge and experience in various fields
we consulted a large number of people from industry,
universities and in other departments of the College. As a
result of these discussions the course was drafted and
syllabuses 'assembled. The complete scheme was then
submitted to various of our advisors for further comment
and with this feedback we produced the scheme for
presentation to the Council for National Academic Awards.
InJune, 1965 the course was the first such degree to receive
'approval and we admitted our first batch of students in
September, 1965.

Electricity & Electronics
Analog Computing
Logic Design
Information Transmission
Complete Systems
Option Subject
English & Report Writing
Studies in Humanities
Totals

3

3
3
3

1l>
I
Il>
3

I
2

2

2

2

23

21

21

13

* Mathematics includes algebra and logic, analysis and
numerical analysis, mathematical programming and optimisation.
The hours are split equally between lectures and practicals/
tutorials.
In the final year the student will, in addition, spend an
estimated six hours per week on a Special Project.

2. 1965 SCHEME
3. INDUSTRIAL TRAINING
The course approved by the CNAA was a four year
sandwich course 'with a total' of three academic years and
one 'industrial' year. The industrial year consisted of two
separate six month periods, one following the first year and
the other just prior to the final year.
The course is thus of the following pattern.

lst Academic lstlnd.
Period
Period

2nd Academic 3rd Academic 2nd Ind.
Period
Period
Period

Sept June

Jan June

July Dec

Sept March

4th Academic
Period

March Sept

sept J line

A brief' outline of the curriculum is given below
indicating the number of hours per week devoted to each
subject in the four years.
' Second
First
Third
Fourth
' Year
Year
Year
Year
(30 weeks) (20 weeks) (20 weeks) (30 weeks)
Mathematics *
Probability & Statistics
Programming
Programming Languages
Theory of Automata
Data Processing
Accounting & Industrial
Management

6
3
6

2

5
3

6
I

2

3

4
2

3

2
2

The industrial periods fonn an integral part of the
course. Students joining the course are either College based
or Industry based (sponsored). The Polytechnic is responsible for placing College based students for both their
industrial periods. During the academic periods College
based students are supported by government grant. During
their industrial period they are paid by the company
employing them. Sponsored students on the other hand are
paid by the sponsoring company for the entire period of
the course and the industrial periods are spent with that
company.
It is not considered desirable or practicable to quantify
the assessment of the industrial training of an individual
student beyond satisfactory or unsatisfactory. However, it
is essential that close assessment on this basis should take
place throughout the industrial periods. Early warning of
unsatisfactory training is vital to efficient rectification. In a
very few cases it has been necessary to move students early
in an industrial period in order that they may obtain
satisfactory' experience. Unsatisfactory training can occur as
a result of a change in circumstances within the firm
between the .ime that' the administrative arrangement are
made and the actual placing of the student or the
personality of the student may not fit the surrounding
environment.
The assessment of the student's training is on the basis
of three sources of information:
(a) the reports by polytechnic staff written after each visit
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to the student and his industrial tutor,
(b) the report by the industrial tutor written at the end of
the industrial period and
(c) the report by the student written at the end of the
industrial period on the basis of notes made during the
period.
The areas of work undertaken by the students during
the two industrial periods have been as expected. However,
some firms sponsoring students have preconceived ideas on
the use of industrial periods (probably based on experience
with engineering students) which are regarded as unsatisfactory. Considerable negotiation has been necessary to
persuade these firms to provide satisfactory training.
(a) The two industrial training periods have jointly enabled
the student, to deepen his understanding of the theories
and techniques he has learnt at the Polytechnic, by
seeing them applied (or not applied! ) in practice within
the restraints imposed by an industrial environment,
(b) to obtain practical experience in computer science,
particularly in the field of computer apllications, and
(c) to make more informed decisions on the irea(s) of
computer science in which he wishes to make a career.
Nearly all students spend their first industrial training
period as a junior member of a programming team engaged
upon developing programs for commercial or scientific
applications. The advantages to the student may be
summarised as follows:
(a) His confidence in his programming abilities is greatly
increased
(b) He obtains detailed experience of a computer and
programming language(s) not met during his first year at
the Polytechnic, and is under pressure to produce
programs that work and are useful.
(c) He is under the supervision of a project leader. (He
should learn the importance of team work which
includes the discipline of moulding his ideas to fit in
with the team, and gives him experience in being
responsible to other individuals.) He also learns more
about standards of working and documentation, and
how to apply various programming techniques.
(d) He increases in maturity. (This is particularly noticeable
in the student who comes straight from school into the
course).
(e) He gains a knowledge of installation organisation. He
becomes aware of the organisatiorial problems of a
batch, processing environment. This provides an appreciation of the effect of a system design on the variety
of staff involved.
(f) He gains practical experience of the necessity of clear
communications.
By the time the student reaches the second industrial
training period he has usually' preconceived ideas on the
field of computer' science in which he wishes to make a
career. Many students choose their industrial training
period accordingly, although a few deliberately choose
other experience, e.g, the student wishing to become a
systems analyst, normally joins a system analysis team;
others help to write compilers, operatingsystems, etc., or
design and write scientific application programs.
The major problem at present is to ensure that
employers appreciate the considerable con tribution that
can be made by students and accordingly provide suitably

II/I78

advanced experience.
Experience so far has indicated that supervision of
students is satisfactory. Usually only two visits, to the
student by his Polytechnic tutor during his industrial
training period are necessary, especially as firms become
well known to Polytechnic staff. (Any minor emergencies
can often be dealt with by telephone calls or letter). It is
highly desirable that the Polytechnic tutor visiting a
particular organisation should be familiar with the type of
computer work being done there. If possible, for the sake
of continuity, it should.always be the same person visiting a
particular organisation. Detailed supervision of a student
during his industrial training periods must fall largely onto
his employer, (i.e. the person he reports to in the
organisation in which he is employed - his industrial
tutor), since the student is engaged on a 'live' project given
to him by his employer.
.
It is essential that each organisation offering industrial
training for the first time should be visited by a member of
the teaching staff of the Department of Computer Science'
to assess the suitability of the training to be offered.
4. 1966 ORDINARY DEGREE AND HND
In 1966 the CNAA approved an Ordinary Degree in
Compu ter Science which was common with the Honours
course in the first year and then, although retaining the
same structure, differing in the following three academic
years. Thus the examinations at the end of the first year
were used to assess the caliber of the students and separate
the Ordinary from the Honours. We also attempted to find
those unlikely to obtain a degree at all. At the same time as
setting-up the Ordinary Degree we also set up a Higher
National Diploma in Mathematics, Statistics and Computing'
so that those who failed to gain a place on the second year
of the Honours or Ordinary would be able to continue
study to obtain a useful recognised qualification.
An analysis of the
below:
First
Year
(30 weeks)

curriculum of the Ordinary is given
Fourth
Second
Third
Year
Year
Year
(20 weeks) (20 weeks) (30 weeks)

Mathematics *
Probability & Statistics
Programming
Programming Languages
Data Processing
Accounting & Industrial
Management
Electricity & Electronics
Analog Computing
Logic Design
Information Transmission
Complete Systems
Option Subject
English & Report Writing
Studies in the Humanities
Totals

6
3
6
2

5
3

41>

4
4

4

3

3

4

3
3
3
I
II>
3
I
2

2

2

23

21

191>

2
121>

* Mathematics includes algebra and logic, analysis and numerical
analysis, mathematical programming and optimisation.
The hours are split equally between lectures and practicalsftutorials.
In the final year the student will, in addition, spend an estimated six
hours per week on a Special Project.

In most cases the syllabusesfor the ordinarycourse differ from the
corresponding syllabuses for the Honours course, the treatment
being somewhat slower and some advanced topics are not covered.

5. 1967 SYLLABUS REVIEW
As a result of our experience over two years and of the
influence of new academic staff joining the Computer Unit,
we embarked upon a critical review of all syllabuses in both
courses. It was at this stage that we began to feel the severe
limitations of our second generation computing equipment.
Most changes were made to the treatment of core subjects
such as programming languages, logic design and complete
systems. At the same time the mathematics syllabuses were
re-examined and new numerical analysis syllabuses were
drawn up and the supporting mathematics modified appropriately.
6. 1970 SCHEMES
The Council for National Academic Awards demands
that each course be resubmitted for reappraisal, and if
successful, reapproval, every five years. Early in 1970 we
resubmitted both Honours and Ordinary schemes. At the
time of writing we had not received notification from the
CNAA of their comments and decision. The scheme
described below is therefore our proposal to the CNAA not
necessarily the scheme finally adopted.
General Analysisof the Curriculum of the Honours Course.
First
Second Third
Year
Year
Year
Programming Systems
Computer Systems
DataProcessing/Systems
Analysisand Design
Computational Methods
Analogue and Hybrid Computing
Mathematics
Probability andStatistics
English and ReportWriting
Sociology of Automation
Business and Industrial
Management
Options

6\6
2

Fourth
Year

6
2

6

23
19
19
13
In the Final year the student will, in addition,spend an

estimatedtime of 6 hoursper week on a Special Project.

First
Year
61>
2

Second Third
Year Year
5
3

Fourth
Year
3
2

3
3

2
11>
2

2

11>

2

181>

19

6
23

In the final year the student will, in addition, spendan
estimatedtime of 6 hoursper week on a SpecialProject.

3.1 Programming Systems: Addressing techniques. Timesharing systems. Assemblersand loaders.
3.2 Computer Systems: Arithmetic Processing, control
functions, input/output, systems architecture.
.
The course will be centred around designinga machine
to a given specification.
4.1 Programming Systems: Compiler writing. Formal
languages.
4.2 Computer Systems: Information transmission concepts of information measure, electrical representation
of digital information, time and frequence multiplexing, coding theory, binary transmission systems.
Data communications - data acquisition, communication hardware and software.
>-

.General Analysisof the Curriculum of the Ordinary Course.

Totals

(a) HonoursCourse
1.1 Programming Systems: Assembly language programming and debugging techniques. Machine organisation,.
tackled by looking at a number of machines of
different characteristics and its effect of programming
systems. Comparative study of modern high level
languages.
\.2 Computer Systems: Logic design switching algebra,
gate networks, coding, memory elements, arithmetic.
2.1 Programming Systems: Data structures, languagesfor
handling various data structures. Sorting and
searching. List Processing. Multi-programming supervisions (interrupt handling and input/output). Ope:
rating systems.
2.2 Computer Systems: Digital storage and accessing,
control functions, system organisation.

3
2
I Yi
1

Totals

Programming Systems
Computer Systems
Data Processing/Systems
Analysisand Design
Computational Methods
Analogue Computing
Mathematics
Accounting
Probability andStatistics
English and Report Writing
Sociology of Automation
Business and Industrial
Management
Options

The proposed changes and the reasons behind these
changes are summarised below.
The most significant change that has been made is the
increase in the number of hours devoted to Programming
Systems and Computer Systems - the core subjects of
Computer Science. It is now clearer to· us what is the core
of Computer Science and how it should be taught. To this
end a unified set of courses is given in these two subjects
throughout the four years.
There is a total increase of approximately 135 Hours in
Programming Systems in both Honours and Ordinary
courses, equivalent to a mean increase of 1.35 hours per
week. The total increases of 65 and 85 hours in Computer
Systems in the Honours and Ordinary courses respectively,
are equivalent to mean increases of 0.65 and 0.85 hours per
week.
The content of the two central courses, programming
systems and computer systems, is described in outline
below:

14

The Ordinary course follows much the same pattern taking
longer and not following some topics to quite the same
depth as in the Honours Course.
In summary there is a substantial increase in the number
of hours devoted to the core subjects. To offset this. the
separate courses in Electricity and Electronics are removed
from the course and the time devoted to Mathematics is
decreased. The reduction in Mathematics occurs for the
following reasons:
(I) There is a Computational Methods option in the
Honours course which contains within it some supporting mathematics.
(ii) The Optimisation and Mathematical Programming
occurs within the Statistics and Operations Research
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options in both Honours and Ordinary courses.
(iii) Some of the mathematics was included to support. the
electronics and is, therefore, no longer required.
(iv) Based on our experience we have been able to assess
the relevant and irrelevant parts of the mathematics
syllabuses and discard the irrelevant.
Electricity and Electronics
The primary object of including these courses in the
original scheme was to give the students background for the
courses in analog, computing and logic design. It has
subsequently proved that both these courses are best taught
from a non-electronic stand point, thus demanding virtually
no knowledge of electricity or electroncis. Thus the need
for these courses has disappeared and any background ill
this area will be developed within courses requiring it.
Fourth Year Options
Our experience has shown that one option in the final
year is unduly restrictive on a student's development in the
field of applications studies. As a result we offer the
student two options from a wider choice.
The transformation from the 1965 scheme to the
~i(,~vsed scheme are best shown diagrammatically.
TRANSFOR~IATION

OF CURRENT TO REVISED SCHEME

FIRST YEARHONOURS ANDORDINARY DEGREE
Ius.

Current
Mathematics

Probabilityand Statistics
Electricity und Electronics

hrs.
-, 3
-, 3
-, 2
., 2
-t

6~

~

3

~

2

Digital Computer Programming
Electronic DOlIn Processing
English, Report Writingctc.,

.... m

Technology ,1IId Society
TOlal(Ihs/wcck)

23

~23

Revised
Mathematics
Probabilityand Statistics

Computer Systems
Programming Systems
Data Processing

Hrs.

11rS.

~

Statistics
Electronics

~

Progranuntng Languages

~

Electronic Data Processing
Principlesof Accounting

~

~

:.;

2
3
2
2
6
2
2

21

~

19

3
2
3
5
-e- 2
2
=< 2
~
~

~

Total (Hrs/week)
21
------_._--------

Current
Fourth Year
Infcrmuucn Transmission
. CompleteSystems
Theory \\f Automataand
System Programming
AnalogComputing
Selected Option

hrs.

1
1);
Hi

!1I!so

hrs.

;

-

~

19

19

::t

~

Automation and Society
Project
Total (Hrsjweek}

~

Current
Third Year

~

~

21

-Jo

5
2
2
11>

Programming Systems
Systems Analysts and Design
Accounting
Businessand Industrial
Management
ComputerSystems

Mathematics
Analog Computing
Appncsuons and Programming
Languages
Logic Design
Industrial Management
Society of Britain

Total {Hrs/week

4!t1:
3

Revised

3
3

ComputationalMethods
Analogand HybridComputing

5
2

2

Programming Systems
ComputerSystems
Systems Analysisand Design
Businessand Industrial
Management
Probabilityand Statistics

-+.:-19'--

Total-'-'--_'---_
(Hrs/week)
_

-,

ComputerSystems
ProgrammingSystems
Analogand Hybrid Computing

-+
-+

-+
-+

2
2

19Y.!

====:,- _

1:~8",1>_ _ Total {Hrsjweek}

hrs.

hrs.

FourthYear
InformationTransmission
CompleteSystems
AnalogComputing
Integrated Data Processing
Selected Option
Automation and Societv
Project
.
Tolal(Hrs/weck}

Revised
Mathematics
ComputationalMethods
Probabilityand Statistics
Computer Systems
Programming Systems
Systems Analysisand Design
Businessand Industrial
Management

1
Ill!

1

~

4
3

-.
~

->

.s:

~

IS!/.:

->

1
3
3
2
~

19

Selected Option
Selected Option
Automation and Society
Project
Total (Hrs/week)

Total {Hrsjweck)

Mathematics
ProbabilitylindStatistics
Analogand HybridComputn
Programming Systems
ComputerSystems
Systems Analysisand Desigr
Businessand Industrial
Management
Total (Hrsjweek)
Revised

1965 ENROLMENT
HONS
LEFT

1965/6
16

1968/9
12
1*

1968/9
20*

1969/70
20

14

14

5
3
3

1966 ENROLMENT
1967/8
22
16
HND+
12
LEFT
2
*One student repeating this year.

HONS
ORD

1966/7
52

Analogand HybridComput
Selected Option
Selected Option
Automation and Society

HONS
ORD

(Hr~f wcckj

1967/8
13
1

I

1st
Upper 2nd
Lower 2nd
Third

1
3
3

Project

14

1969 - degrees obtained

1967 ENROLMENT

Total

1966/7
2

ComputerSystems
Programming Systems

6

~

ComputationalMethods
Probabilityand Statistics

-.L
Total (Hrs/week)

2·
2

-19

~

3
2

Some of the statistics of the past five years are as
follows:

Third Year
Mathematics
Applied Probability
AnalogComputing
Programming Languages
Logic Design
Industrial Management
Society of Britain

~

Total (Hrsfwcck)

Society of Britain
Total (Hrsjwcek)

~

Mathematics
Statistics
Applicationsand Programming
languages
ElectronicData Processing
Accounting
Society of Britain

Revised

Automation and Society

Second Year
~

hrs.

English,Report Writing etc.

HONOURSDEGREE
Current

hrs.

Current
Second Year
Jus.

Current
Second Year

Computational Methods

TRANSFORI'IIATION OF CURRENT TO REVISED SCHEME,

Mathematics

TRANSFORMATIONOF CURRENTTO REVISEDSCHEME
ORDINARYDEGREE

1967/8

HND+

49

1968/9
21

14*

2
3

1969/70
21
13

6

*One student transferred from HND Course.

1968 ENROLMENT
1968/9
HONS
63
ORD
HND+
LEFT

1969/70
26

i9*
JJ
10

*Three students transferred from HND Course.
1969 ENROLMENT
1969/70
HONS
53++
ORD
++Enrollment restricted due to general shortage of accomodation at the
Polytechnic.
+Number recommended to transfer to HND Course.
FIRST YEAR SELECTION INTO HONS/ORD/HND
1965/6
1966/7
1967/8
1968/9
TOTAL % TOTAL% TOTAL % TOTAL %
HONS
14 88 22
42
21
42
4-1
26
*
ORD
16 31
14
18 16 25
HND
12 23
6
12
11
18
LEFT
2
12
2
3
9 ·18 10 16
TOTAL
16
52
50
63
'No ordinary degree available
TOTAL STUDENT NUMBERS
1965/6
16

1966/7
66

1967/8
100

1968/9
144

1969/70
163

The following organisations were those which first
employed the (twelve) graduates of 1969. The posts
obtained were specified as programmer, programmer/
analyst, systems engineer, systems analyst or research staff.
Greyhound Computing of Canada Ltd.
Vauxhall Motors Ltd., Luton
J. Laing &Son Ltd., Mill Hill
British Aircraft Corporation, Stevenage
l.C.L.
Warwick University
Shellmex & BY., Hemel Hempstead, (two).
Ferranti, Edinburgh
Wool Marketing Board
Ministry of Technology, Warren Springs
Univac, Paddington;
Over 80 firms have provided over 200 training periods to
date and 10 firms have supplied35 sponsored students.
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SOFTWARE

ENGINEERING-AN
A

EXPERIMENT

AND

REPORT*

John J. Donovan

1. SOFTWARE ENGINEERING LABORATORY
"Any fool can build a bridge - it takes an engineer to
build a bridge within the constraints imposed by cost,
supplies, and practicability."
Hence, one motivation for exposing a laboratory environment to students interested in computers. A more general
motivation for a laboratory course is to teach students how
(in general) to extract information from an environment.
This second motivation is important in that it is the most
lasting. Most senior professors at M.I.T. are not doing their
research in the same area of their Ph.D. theses. We should
teach approaches to experimentation and extracting
information from an environment which can be readily
applied to totally unrelated areas. Hence, a laboratory
course may have two major objectives - practical
experience and the demonstration of an experimental
metnod.
As an experiment in the spring term of 1968-1969, the
_ subject, Software Engineering Project Laboratory, was
offered by the department of Electrical Engineering. It was
hoped that this course would evolve into a course which
would partially fulfill the laboratory requirement at the
Institute. The class was given an overall objective - a design
and implementation of a complete software system. The
class was subdivided into projects: assembler, loader,
compiler, monitor, and support system. There was one
formal lecture and one formal presentation by group
members per week. The students implemented their
projects on a small computer. There was a strong emphasis
placed on documentation, and the documentation produced by this project was over 300 pages. We feel that the
course fulfilled one objective in that students received
practical experience. The students gained experience with
"hands on" use of the tools of Software Engineering. They
were" exposed to the. practical constraints, judgements, and
trade offs encountered in the design of software, and they
were exposed to the high importance of documentation.
There were shortcomings to the laboratory course,
mainly in explicit demonstration of experimental methods.
Many groups were put in charge of designing components
ab initio. It was demonstrated that a novice cannot design a
non-trivial system ab initio. He lacks insight, experience and
perspective, and the facility with techniques necessary to
produce a working system.
The assignment of projects in which the environment
was not completely known or controlled was not an

optimal way of teaching students the second objective of a
laboratory course - the extraction of information from an
environment. For such a process to be taught, we must have
a controlled environment, one in which the student can
monitor experiments (software) and make decisions based
on his observations.
To accomplish this objective we are presently building a
student operating system, components, software building
blocks and tools, and monitoring facilities with which
experiments may be constructed. This will be a welldocumented system which is a framework. The students
then may in an orderly manner add, modify, or expand
facilities of such a system. Presently, we are implementing a
student operating system on the IBM 1130 which will allow
the student to modify or augment its facilities, and
concurrent lectures will explain both the overall system as
well as the individual components. We feel that the student
will thereby be able to commence working on a team
project after six weeks of the semester. Students will be
encouraged to work in groups, with a teaching assistant in
charge. The group will be required to submit their project
proposal, designs, specifications, and a periodic report on
the status of their project. The teaching assistant must
ensure that the group is following a reasonable approach
that is compatible with the overall system philosophy, and
must assist the students with their problems. Initially, it is
proposed to hold two lectures per week to explain the
system and the particular machine on which the course is
being run.
The philosophy of the course will be: (a) to emphasize
methods, techniques, and models that are of importance to
the systems designer and (b) to explicitly demonstrate
monitoring and decision techniques. To this end it is
proposed to have lectures on topics like data structures,
machine simulation and debugging, and both their order
and content will be arranged to tie in with the mainstream
of the course. With the above combination of lectures and
programming assignments together with the term project,
the student will have a well-balanced exposure to the
principles and practices of system analysis and design.
2. VIDEO TAPING OF AN ADVANCED SOFTWARE
COURSE
In December of 1968 the department of Electrical
Engineering agreed to try an experiment of video taping
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6.251, an advanced software course.•• This experiment met
with much cautious pessimism on our part, but becaiJseof
the enthusiastic support and stubbornness of Professor
Archer, chairman of the department of Engineering
Analysis at Texas Technological Institute, the video taping
started in the spring term, January 1969. Professor Archer
felt he had very poor alternatives. He wanted
"advanced", "well-organized" computer course which
students would like and which would set a standard for
future courses at his .school. He was unable to find the
personnel to teach such a course. The pessimism which
M.l.T. expressed was that a personal touch was needed in
teaching, or that the taping of such a course in a large
lecture hall under live conditions would produce too poor a'
quality picture for viewing, or that the students viewing
such an impersonal item as a television set would be
unmotivated. All of these doubts proved to be wrong. The
taping of 6.251 was, from what we observed upon visits
with Texas Tech, a complete success.
We should mention two points which might have
contributed to its success and at the same time may
indicate that a parallel success in a different course might
not be certain.
I. 6.251 is not a required course.
2. The students and staff of Texas Technological Institute
were "starving" for such a course -. motivation was very
easy to accomplish.
3. The subject matter is such that many schools do not
have in-house knowledge of the material.
The mechanics were as follows: 6.251 was taped in a
large lecture hall (we have over 250 M.l.T. students per
.semester taking this course) during regular classes. We did
no special preparation nor did we change our way of
teaching. I used all six boards. A single camera was used
with a zoom lens and was located in the rear of the room.
The tapes were sent to Texas the same day and were shown
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to the students in Texas shortly after they arrived.
Texas Tech, under the direction of Professor Archer,
organized several sections of students and appointed a
Professor at Texas to run each of the sections. Professor
Archer took one section. It was our plan to have these
professors learn the material and thus teach it themselves,
in succeeding years, relying less and less on the tapes. All
homework and exams which were assigned to M.l.T.
students were sent to Texas and the students there were
assigned the same work.
In April 1969 I visited Texas Technological Institute to
determine the reaction of the stiJdents and staff to the
taped course and to personally lecture and answer the
student's questions about the course. I cannot express the
excitement and hospitality by which I was greeted. Upon
arriving in Texas at midnight I was greeted at the airport by
students. Many of the students had obtained my size and
presented me with a Texas outfit. For three days and nights
I was besieged by students. Wescheduled formal lectures in
the mornings and afternoons for three days. All free time
was spent talking with students about Computer Science.
We believe that schools posessing well, thought-out
courses using video tapes can greatly help other institutions
quickly gain an in-house teaching ability in many new
fields.
*Work reported herein was supported (in part) ..by Project MAC, a
M.LT. research project sponsored by the Advanced Research
Projects Agency, Department of Defense, under the Office of Naval

Research Contract NONR-4102(OI).
**6.251 Digital Computer Programming Systems - Basic principles
ofprogramming systems, Techniques for translation from problem-

oriented languages ~o machine languages. Computer organization,
programming, program planning and organization. Construction of
assemblers, interpreters, compilers, monitor, multiprocessed, multiprogrammed systems. The use and manipulation of data structures.
Laboratory work in the preparation and testing of programs for the
IBM 360 computer.
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I. INTRODUCTION
A prime objective in the education of computer
scientists as opposed to computer users, should be to
reduce to a minimum the lack of understanding of
computer systems, both software and hardware. Unfortunately it is often true that even skilled users and competent
theoretic computer scientists lack understanding of the
principles governing system design. Naturally, such a
shortcoming results in an inability to exploit fully the
available computing facilities and, potentially more serious,
an inability to communicate with those responsible for
system design, maintenance and operation, thus hindering
dialogue between user and designer, or between user and
computing centre personnel. The authors have found, for
example, that graduate students, for whom systems studies
offer a fascinating field, are often more at home with the
theoretical literature than with the actual system at their
disposal.
Computer science graduates can be expected to engage
in systems programming, consulting, computer management, or software and hardware engineering. Some will
work as applications programmers but, hopefully, as
professionals competent to act as intermediaries between
other users and those people managing the computer.
Certainly, all computer scientists should have a background
enabling them to participate in hardware and software
selection.
Computer science curricula now appear to fall short in
this important area of system studies. The authors believe
that students should have at least an introduction to the
fundamental concepts of system structures early in their
program. Given the complexity of large computer systems,
ignorance of detail is necessarily pardonable. Nevertheless,
it is the authors' contention that many of the fundamental
concepts underlying large systems are intrinsically straightforward.
The value of discussing system concepts is. greatly
reduced if there is no opportunity to gain practical
experience, just as the teaching of a programming language
loses impact if programs cannot be run. Special student job
processors are common, but these have most often been
developed to minimise interference with other processing,
rather than with a view to providing comprehensive
facilities for experimentation. The authors were earlier
associated with the development of the Students' Assembler Language Translator (DUTTON,1969) (EASTON and
PENNY, 1969), an in-core system for processing student
assembler -language Jobs on an IBM 360/65. The original
aim was efficiency, but an extended version is being
developed to provide a fuller and more realistic simulation
of a computer system.

2. LECTURING ON COMPUTER SYSTEM STRUCTURES: WHAT AND WHEN?
Many aspects of hardware structure are adequately
illustrated through teaching some assembler language, while
others can be covered by discussing Boolean algebra and its
application to switching circuit design. Some aspects of
software structure can be demonstrated through discussing
language processor construction. An examination of
computer science curricula for universities in Britain (BCS
Working Party 7, 1967) and in Canada (ACHTEMICHUK,
1967) shows that these three topics, assembler language,
logic design, and language processor construction, are
usually included. On the other hand, material on computer
system structures is frequently absent from curricula and,
where taugh t at all, may be covered only in the final year of
the program. Admittedly, the surveys quoted are now three
years old, and the situation is certainly changing. The most
recent ACM curriculum recommendations (ACM Curriculum Committee, 1968) included three courses, two
intermediate and one advanced, whose synopses show a
good coverage of systems topics. However, personal
observation suggests that very few universities even now
offer such a variety of courses.
The authors believe that there is some resistance to the
teaching of material on systems, particularly at the
undergraduate level, a resistance which may stem from a
feeling that the subject is not academically respectable.
Another reason may be that relatively few faculty members
have a hardware or software engineering background.
Another difficulty is the ahnost complete absence of
adequate texts, other than the too specific (and often
inscrutable) suppliers' manuals. While there is a plethora of
texts on 'basic' computer principles, these usually avoid
questions of higher-level organization.
The obstacles to greater emphasis on system structures
in our educational process are inevitable by-products of a
rapidly changing field, and can themselves be broken down
only by education. The issue therefore cannot be avoided,
and it is encouraging to read the opinions of panellists at
the 1968 Spring Joint Computer Conference (ORGANICK,
1968), who stress the jmportance of both teaching and of
research and development in hardware and software
engineering.
At the University of Alberta, the authors are
responsible for a second-year undergraduate course on the
pragmatics of computer science. In 1968-9. some 30
lectures have been devoted to an introduction to computer
system concepts. The course follows one in which students
have become moderately skilled in /360 Assembler
Language, FORTRAN, and Algol, and precedes courses in
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logic design and language processor construction. A more
advanced course on computer systems is available in the
fourth year.
The decision to introduce system structures at a
relatively early stage was taken for a number of reasons. It
was seen that, after an introductory course on programming, many students were intensely curious about the
system on which their programs were run. It was believed
that one should establish, as early as possible, an overall
picture of a computer system. Thus, a framework would be
established within which logic design, language processor
construction, or other topics dealt with at a later stage,
would be seen in perspective. It was felt that the initial
framework would therefore be continually reinforced.
3_ A COURSE DESCRIPTION
The extent to which the framework of computer
systems organization can be developed in an introductory
course may be seen from the following outline of material
taught by the authors in 1969-70_ From the outset, a total
system is regarded as a hardware/software combination,
where the latter is designed,
(I) To make the hardware easier to use, and
(2) To exploit the hardware most efficiently,
and where the former includes some facilities specifically to.
help achieve these software objectives.
A tree structure is drawn to show hardware units and
design levels, (particularly for CPU structure). Areas are
delineated to show the relationships between component
design, logic design, integrated circuit design, microprogramming, and system design. A similar dissection is made
for a software system. The tasks of the monitor, since it is
that part of the software most concerned with exploiting
the hardware, are listed and discussed. Wherever possible,
illustrations are given which are within the students'
experience.
Following this overall view, the storage hierarchy is
tabulated (from registers, down through main memory and
the classes of auxiliary memory, to external media). Care is
taken to bring out the decreasing cost per bit, access speed,
degree of random access, and increasing capacity. Approximate figures are given wherever possible. *
The functions of the CPU are listed, and control is
illustrated by showing, for a very much simplified
computer, a sequence of storage-to-register and register- toregister transfers during instruction fetching, decoding, and
execution. An algorithm is given for the more complex
decoding of /360 instructions, and the possible use of
microprogramming to achieve economy, flexibility, or
compatibility is explained.
Many important concepts are shown by developing,
largely in their historical sequence, a number of techniques
for overcoming inbalance of CPU and I/O speeds. After
describing the function of channels, an example is given of
a program to read cards, each with a vector of information
Xl" which is processed to yield Yi' which is then printed.
Tl~t IS,
Elapsed Time/step
(60 msec)
Read Xi
Compute j{'....y.
(15 msec)
Print y,
1
1
(50 msec)
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Students are invited to suggest what would be needed,
in hardware and/or software, to reorganize this simple
program. The concepts of degree of unit utilization, fork
and join, buffering, and "busy/not busy" indicators can be
introduced. A specification is then given for the simplified
version (Appendix I) of the /360 interrupt system, PSW's
and processor states.
But, it is stressed, very few programs could be
reorganised as readily as in this example, and it would be
inconvenient for every programmer to be required to carry
out this reorganization himself. Spooling is presented as a
possible solution to these problems. The option then to
have as many readers or printers as desired leads to the
notion of a "balanced" configuration - in this case to have
a balance between input, output, and processing capabilities.
A discussion of the limitations of spooling leads
naturally to multiprogramming. Facilities such as memory
protection, and priority algorithms can then be specified.
The notion of a balanced configuration can be re-introduced, since it is now clear that some resources other than
CPU capacity could limit performance, A generalization of
multiprogramming, that is to attempt to have a minimum.
set of synchronization constraints between logically
separate tasks, leads to discussion of time-sharing, where
each user on a terminal is regarded as an 1-0 device
operating intermittently at a slow rate. These "1-0 devices",
of which for economic reasons there must be many, should
ideally be attachable to separate tasks. The chief problem in
this. case is shown to be main memory usage, and virtual
memory techniques are discussed.
The development of solutions to the problem of
I/O-processor speed imbalance in a sequence of stages, in
addition to making current concepts easier to understand,
should leave students with an impression of the evolutionary nature of system development. There are certainly
omissions from the present course, some due to lack of
time, others reflecting the authors' interpretation of what is
most importan t. One weakness is the stress on one system,
a simplified /360 with software techniques similar to those
used in OS/MVT/HASP. It is vital that students not think
that there is only one way of doing things, or that there is a
"best" way. References are made to other systems, but
detailed references ani avoided so as not to detract from
development of the primary theme. Is is now planned to
conclude with some contrasting examples: a small system, a
radically different software system (probably CP/CMS) and
hardware system (probably the CDC 6600).
The course will continue to evolve, hopefully towards
greater formality and greater generality. Nevertheless, the
authors feel that its most important objectives are already
being achieved.

4. PROCESSING STUDENT ASSEMBLY LANGUAGE
JOBS

4.1 A Typical Processor and its Shortcomings
P.D. Jones, author of an interesting paper on
"Operating System Structures" at the 1968 IFIP congress
(Jones, 1968), has related" an experiment in which he
presented to a class a 360/50 with the power turned off. He
then invited the students to speculate on what had to be
done to produce a usable system. This method of

illustration, however admirable, is unlikely to find favour
with computer managers. It is clearly not feasible to allow
hundreds of students direct access to the University's
central computing facility.
Many universities have developed their own processing
system to handle the assembler language they wish to teach.
At the University of Alberta, a subset of the' /360
Assembler Language is processed by the Students'
Assembler Language Translator (SALT), a subsystem of
OS/MVT, which contains an assembler, a monitor, and an
interpreter which simulates a simplified /360.
With this simulated SALT computer, the /360 memory
organisation and addressing scheme are faithfully reflected.
The existence of general purpose registers is apparent, and
special purpose registers to explain in detail the inner
workings of the central processing unit are easily postulated
by reference to the machine instruction formats. Particularly important, the time base is realistic since, during
interpretive execution, accurate execution times (for a /360
Model 65) are calculated by the interpreter for each
instruction. These virtues are shared by most student
assembler language processors in use; however, so are a
number of serious inconsistencies.
Consider the time base (Fig. 4.1.) for the following
program segment in which instruction execu tion is
interrupted for an operation:
LA
5,10(5)
READ
CARD
+
LA
I,CARD
+
SVC
I
MVC
0(4,5),CARD+20
CARD
OS
80C
ln SALT, an I/O request (to read, for example) is
interfaced to the simulated hardware through a system
macro "READ" which expands to a supervisor call that
interrupts program execution and initiates a monitor
routine to service the request. To the user, however, the
interrupt is not detectable since on his time scale the
instruction following the supervisor call is executed without
a break in CPU operation. Further, since that instruction
may refer to information just read, the I/O appears to have
taken no time. Not only is the I/O transacted on a
discontinuous time base but it is also, at least in SALT,
performed on ill-defined devices connected to the CPU in
an invisible fashion. In a similar system, SOS, developed at
Brown University (Wile et ai, 1967) these problems have
been partly overcome by including the capability to write
channel programs for specific devices. However, the
designers state that no attempt was made to simulate the
interaction of devices, channels and CPU on a consistent
time base.
The shortcomings of SALT (and probably of most
other student assembler language processors) can be
summarised by saying that, while adequately illustrating an
assembler language and some aspects of CPU and memory
organization, the system actually simulates an unrealistic
single state machine that communicates with the external
world through undefined or inaccurately represented
mechanisms. Clearly, processors with these limitations are
inadequate tools for illustrating hardware/software systems,
their interfaces and their interactions.

4.2 A More Realistic System
To eliminate the deficiencies outlined in the preceding

section an extension to SALT has been defined. Ideally, it
should be impossible for the student to detect that the
machine he is programming is a simula ted rather than a real
computer. Achieving this ideal would imply that all
hardware components interact realistically in time, and that
the user appear to have access to all system functions that
can be controlled from programs. From these requirements,
the additions (specified in detail in Appendix I) needed to
elevate the original SALT system to a full computer
simulator were found to be:
(a) a simulated multi-state CPU (PROGRAM vs SUPERVISOR, ACTIVE vs WAIT), with student access to the
supervisor state,
(b) simulated SALT channels with primitive processing
capabilities,
(c) a facility for assembling SALT channel programs,
(d) an SVC function for initiating channel operation,
(e) an SVC function for placing the SALT CPU into the
WAlT state until a specified current I/O operation is
complete,
(I) a pseudo clock, accessible to the student.
The following program segment, using the channel
programming facility would, when executed on the
extended SALT computer, appear to the user as having a
fully consistent time base
(Fig. 4.2.):
LA
5, I0(5)
EXCP
CRDRDR
INITIATE CHANNEL
+ L
1,=A(CRDRDR)
PROGRAM
SVC
6
0(4,5),0(3)
MVC
LA
3,10(3)
WAIT
CRDRDR
+ L
I,=A(CRDRDR)
+ TM
DISP(I),X'80'
+ BO
*+6
7
+ SVC
L
5,0(3)
At the end of a program, necessary statistics would be
printed to inform the user of the time spent in the CPU
states: SUPERVISOR, PROBLEM, ACTIVE, WAIT, as well
as the total channel active time for each channel and the
ratio of active CPU and channel overlap to total channel
active time.
This extension offers illustration of several areas of importance:
(a) Channel programming demonstrates both the nature of
channel operation and the manner in which multiple
processors (channels and CPU) can operate asynchronously using a common memory.

(b) The measurement and reporting of time spent in the
various CPU states promote understanding of the need
for multiprogramming and time sharing supervisors to
maximise facility utilisation.
(c) Access to the supervisor state enables students to write
their own routines for interrupt handling and other
supervisor functions.
(d) Access to the pseudo clock provides the support
required for student-written time sharingalgorithms,
Although not an essential addition to the simulation of
the computer system, it was considered desirable to enlarge
the SALT monitor to support multiprogramming within a
student job.
The key component of this extension, and the one
whose implementation presented the most difficulty, is the
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pseudo clock. The problems centre around simulating
channel operation that appears to overlap the interpretation
of instructions. The initiation of actual I/O is simultaneous
with the initiation of SALT I/O, but the real I/O is
completed before "execution" of any further SALT
instructions. This fact is hidden from the user; instead
"channel width" portions of the I/O information are fed to
the program from the monitor at times synchronized with
execution of SALT instructions.
The interpreter must maintain information on all
pending I/O events and, at the beginning of "execution" of
each instruction, must determine which, if any, of the
events should occur at that moment. Typical events are:
(a)
transfer a number of bytes equal to the "channel
width" from the interpreter to the user's program,
(b)
retrieve next CCW in a chain,
(c)
cause an I/O interrupt indicating the completion of
an I/O operation.
Because the set of pending events is rapidly changing,
and because there is limited memory space, a linked list
tailored to an allocation table has been designed to prevent
core fragmentation.

4.3 Student Projects
One can readily invent many exercises to exploit the
system described in the preceding section. However, rather
than the instructor designing a number of problems
piecemeal, it is preferable that the student evolve over the
duration of the course a complete, working software
system. The aim should be both to illustrate the
fundamental concepts of hardware/software systems, and
to bring about an overall understanding of systems
organisation.
Towards this end, an integrated assignment, specified in
Appendix II, has been devised as a sequence of parts, each
building on those preceding. The reader will sense that
completing this assignment could take more time than is
available. Moreover, with a sequential assignment, a student
who fails to complete any part could presumably proceed
no further. To overcome these difficulties, the complete
assignment will be programmed, with each module fully
documented with listings, functional descriptions, module
interface specifications and standard linkage conventions.
One can then choose to have students program any modules
thought to be most illustrative, with the remaining modules
being supplied.

4.4 Use of the Graphical Display
The interactive graphics terminal offers a number of
opportumities to provide illustrations of what is being
taught.
An extension to the original SALT system, implemented by
graduate students, now allows display of any assembler
language program, with source and object code side by side.
The contents of registers are also displayed. A student can
request execution of any number of instructions, or alter at
will the contents of any register or memory location.
During further development of SALT as described in §
4.2., thought was given to allowing more extensive use of
the display. Since speeds of each "unit" are parameters, the
operator at the terminal could vary, within limited ranges,
the speeds of the CPU, channels, and I/O devices. It should
also be possible to change the configuration of these units.
While a carefully chosen sequence of programs is run, the
operator could be shown the degree of utilisation of each
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unit with each job and, dynamically, the degree of
utilisation as a function of execution time.
A good deal of development. work remains to be done.
In' addition, the cost of a terminal now restricts use of this
type of facility. However, this situation is changing and
development on an experimental basis therefore seems
worthwhile.
5. CONCLUSIONS
The authors feel that the study of computer system
structures has been underemphasised, particularly in the
early stages of the student' development. The course
material described in this paper was taught to second-year
undergraduate students for the first time in 1969-70 in an
attempt to remedy this situation. While it is too early to
assess the results, it can certainly be said that students
showed great interest and a desire to pursue these topics
further.
Student-oriented processing systems have usually been
designed with the aims of maximising throughput,
protecting the centre's operation from student errors, and
simplifying the system to make it more readily understandable. Such systems can, and should, be extended to
provide wider access to hardware facilities. If these facilities
are not real but apparent, as with the system described in
this paper, normal operation remains fully protected.
Any material taught at the undergraduate level must be
justified on the grounds that it should have lasting value.
Many computer system concepts now considered fundamental were unknown ten years ago; many may be
irrelevant ten years hence. Nevertheless, we must encourage
computer science students to view their work within the
context of the overall system structure. If we can achieve
this, then we shall have had a lasting effect.
APPENDIX I
Extended Salt: Specifications
1. Simulated hardwareadditions:
(a) two programmable channels capable of processing
asynchronously with each other and with the SALT CPU in a
time base tied to SALT instruction execution. Each channel able
to execute commands: read, write, transfer in channel nod
control printer; and each channel able to suppress the transfer of
data while carrying out the command at the device, or to chain
data or commands across command words.
(b) apparent SALT CPU states
WAIT/RUNNING
SUPERVISOR/PROBLEM
with execution of a SALT job begun in supervisor or problem
mode depending on a parameter specified on the SALT job card.
In supervisor mode all interrupts except those for the "end of
SALT job" SVC and "set time" SVC are reflected to the user's
supervisor through the simulated interrupt system.
(c) two simulated I/O devices (actually line printer and card reader)
whose "average delay time before data transmission" and "data
transmission rate" can be specified on the job card. These
parameters determine when. in SALT time, the I/O interrupt
marking the end of the operation should occur.
(d) interrupt hardware accessible to the user when in supervisor
mode through the setting of PSW's similar to, but simpler than,
those used in /360.
.
(e) pseudo clock tied to SALT instruction execution and accessible
to user through a system macro.
2. Additions to the Assembler Language subset:
(a) privileged instructions
Halt I/O
(HID)
Start I/O
(SID)
Test Channel
(TCH)
Test I/O
(TID)
Load PSW
(LPSW)

Insert Storage Key
(lSK)
Set Storage Key
(SSK)
(b) assembler instruction
CCW
command,addr,chainflags,count
3. Additions to the SALT monitor capabilities:
(a) SVC routines for the following system macros supporting
channel programming:
(l) EXCP - execu tc the channel program whose address is
given in the CeB specified in the EXCP operand,
(2) WAIT - if the CCB or TCB named in the operand is
currently being used.cease execution of this task until the
block is released.
In a single -program environment, place the SALT CPU in
the WAIT state; in a multiprogram environment, attempt
to run another task,
(3) CCB - channel control block.
(b) SVC routines for the following system macros providing a
multiprogramming environment at the program level for the
SALT user:
(l)ITASK - indicate to the monitor that the task, whose
address and priority are in the TCB specified in the
ITASK operand, can be run.
(2) TCB - task control block.
(3) POST - indicate that the task whose address is in the
TCB specified is completed.
(4)TTASK - for each change in task status within a SALT
job, trace (write out as a debugging aid) the current status
of all currently defined tasks, i.c. whether
- initiated (next in execution),
- waiting (for completion of another task or I/O event),
- interrupted (but runnable),
- terminated (by a just executed POST).
(5) STIME - cause the timer to be set to the value in the
operand. A timer interrupt will occur when this time (as
measured by execution of SALT instructions) has elapsed.
APPENDIX II
A Student Project
A project to evolve in stages a software system containing a
combination of pre-programmed and student written modules is
planned for 1970- J (discussed in § 4.3). The stages are:
l. To construct a very simple assembler that will translate and load
half a dozen /360 Assembler instructions having simple,
non-symbolic, operands.
The I/O for the assembler can use system macros "READ" and
"WRITE", but these should be in separate subroutines.
2. To rework the I/O routines to use channel programs and
multiple buffers to reduce CPU wait time in a single program
environment (follows lectures explaining CCW, EXCP, CCB,
WAIT).
3. To run the I/O routines and assembler as separate tasks in the
SALT priority multiprogram environment to further reduce CPU
wait time. (lTASK, TCB, POST, WAIT, TTASK).
4. To rework the buffer management part of the I/O routines to
perform spooling in core to improve overall facility utilization.
5. To build an elementary supervisor under which the assembler

and I/O routines can be run as separate tasks.
The supervisor should include program, I/O and SVC interrupt
handling routines to manage the required multiprogramming,
and program status word settings to interface to the simulated
SALT CPU. (HIO, SIO, TCH, TIO, LPSW, ISK, SSK)
6. To run the full system under different conditions such as
reversing the priorities of spooling and assembler tasks, changing
the data rates of the I/O devices, and running input and output
mutually exclusively over the same channel. (supervisor state.)
7. To experiment with running two assemblers simultaneously
unde~ one student supervisor that has a time slicing algorithm
superimposed over its multiprogramming capability (STIME)_
The relationship between the software system constructed by a
student and SALT itself is shown in Fig. ILl.
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FOOTNOTES

*

Students are allowed to bring notes to examinations, since
memorization of such details is obviously not desirable.

**

Personal communication.
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I. INTRODUCTION
The relevant professional societies in the United States
have recognized the implications of Computer Science
education and their responsibilities in this area. Besides the
elaborate recommendations (I,2) of the ACM Curriculum
Committee on Computer Science (C 3 S), mention should be
made of the publications on the mathematical (3) and
engineering (4) aspects of computing. Also, more recently,
a series of articles in the Communications of ACM describes
'supersets' of doctoral programs in various subdisciplines

(5).
Needless to say that practically all the above recommendations are highly idealized and, under the present
conditions, represent no more than guidelines. Due to the
non-availability of sufficient number of instructors with the
necessary training and to the fact that the material specified
is simply too much for courses taught realistically, most
curricula in Computer Science diverge from the recommended ones. The following comparison may have
reasonably general validity. I designed the contents and the
outline of a course on Artificial Intelligence and Heuristic
Programming for (I) (Course 16), and for (2) (Course A9).
Although the literature references and the projects
discussed have been considerably updated in an equivalent
course [ teach in the graduate program of the Department
of Computer Science, State University of New York at
Buffalo, there just is not enough time to cover all the
material suggested in the ACM C3S specifications. On the
other hand, home work and term projects contribute very
important aspects to the total experience imparted to the
students.
The present paper attempts to highlight some of the
problems encountered in teaching various courses on
non-numerical applications of computers. Course contents,
examples of home work and term projects are finally
followed in the Appendix by questions asked in the Ph. D.
Qualifying Examination in the area under discussion.
2. THE GRADUATE PROGRAM
SCIENCE AT SUNY AB

IN

COMPUTER

It may be in order here to describe briefly the
University, its computing facilities and the Department
before the subject proper of this paper is discussed.
The State-University of New York comprises over 60
campuses, including four University centers, some specialized schools and a large number of two-year colleges. The
largest of all and the most comprehensive center of
graduate education is the campus at Buffalo. The current
student population of about 22.000 includes approximately
11.000 undergraduates, 5.000 graduate students and 6.000
evening division students.

The computing activity has had an accelerated growth in
terms of equipment and usage. It started with an IBM 1620
in 1961 and a second 1620 was installed in 1962. The next
major step was made in mid-I 964 when an IBM 7044/1401
system began operation. In early 1968, this was again
replaced by a CDC 6400, which also supports nine remote
card reader-printer terminals of various manufacturers,
three on our campus and the rest scattered, within an 80
miles' distance, on others that comprise the Regional
Computing Center of Western New York.
In addition to the 6400, an IBM 360/40 is also
operated, mostly for administrative data processing and for
support of a text editing system via some 40 terminals.
Recently, a hardware device was built here to connect the
two machines so that terminal job entries can be sent from
IBM 2741's through the 360/40 to the 6400, as well, and
resident files can be maintained. The results of computations so submitted are sent back to the user as messages.
Interactive, conversational computing, however, is not
yet available at our campus. Some faculty members,
therefore, make use of this facility via commercially offered
services in the area. Mention should also be made of a small
PDP-8 machine that is used for special purposes, such as
hybrid computations in conjunction with an analog
machine, and studies in music analysis and synthesis.
Except for some introductory courses in programming
and numerical methods, no academic offerings were
available until the year 1966-67. A graduate program
leading to Master's and Ph. D. degrees was approved early
1967 and the Department of Computer Science commenced operation officially in the Fall of 1967. Since this
time, a steady growth has been maintained. The faculty at
present comprises 8 professorial members, some with joint
appointments in other departments, one post-doctoral
fellow- and two instructors. Three additional professors are
also associated with us but these have major responsibilities
in other departments. The number of graduate students
currently enrolled in Computer Science is 76, and is indeed
deliberately restricted because of the limitations in our
physical and personnel resources.
A special undergraduate curriculum, with some novel
ideas concerning selection of courses and professor-student
interaction, was initiated in the Fall of J 969. The paper by
Finerman and Ralston (6) in this volume discusses the
relevant issues.
Students admitted to the graduate program with full
standing must have had an average equal to or better than
3.0 on a fourpoint scale, programming experience in one
high level and a machine language or two high level
languages, five or six semester undergraduate mathematics
including modern or linear algebra and statistics. The
mathematics requirement can be satisfied by the usual
calculus sequence and/or cornbinatorics, graph theory,
logic, algebra courses.
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Candidates for the degree of Master of Science must
complete at least 30 hours of graduate credit. This either
includes 6 credit hours' work on a thesis or, alternatively, a
project must be written in addition to the 30 credit hours'
course work. There is a certain degree of freedom in the
student's selecting the courses.
APh. D. candidate normally earns first a Master's degree
in the Department or brings one in from outside, not
necessarily in Computer Science. Other than 9 semester
hours' credit for seminars, there is no course requirement in
this case. However, to prepare themselves for the Ph. D.
qualifying examinations, most students enroll in a
substantial number of courses. The qualifying examination
is expected to be taken at latest during the student's fifth
semester of residence, or during the first semester after
obtaining the Master's degree. It is given twice a year and
consists of three assigned written papers in the following

areas:
(I) Programming Languages and Systems;
(2) One or two papers from among
a. Logical Design and Automata Theory,
b. Artificial Intelligence and Symbol Manipulation,
c. Numerical Mathematics.
The option under (2) means that, in approved cases, the
student may take one qualifying examination outside the
department in a significantly relevant area. Examples of this
would be in some subfield of mathematics, psycliology,
linguistics or electrical engineering.
The student must pass an oral examination the subject
matter of which is related to his expected dissertation
topic. He is also supposed to complete a minor of up to
nine credit hours in another relevant department or by
taking courses in an important foreign language. This is
finally followed by the successful completion and defense
of his Ph. D. dissertation.

3 COURSES AND SEMINARS IN THE AREAS OF
ARTIFICIAL INTELLIGENCE AND SYMBOL MANIPULATION
The courses in this area can be, to some degree,
separated in two groups. I would be inclined to call these
groups, for lack of better terms, 'tools' and 'theory'. The
subdivision is, however, rather arbitrary since no single
course qualifies completely for either category.
Bearing the above in mind, a course on List Processing
Techniques and a seminar on Formula Manipulating
Languages, both one semester long, could be classified in
the 'tools' group. The basic difference between a regular
course and a seminar is that, except for the first couple of
introductory lectures, the students are to present the
material in a seminar. Sufficient time is left after, and often
during, each presentation to ask questions, to discuss both
the lecture and its contents. Usually most of the literature
on which the talk is based in selected by the professor. He
is also to channel the discussion in a didactically
advantageous manner. The number of students participating
in the seminar is usually kept low, say, 5-8, which fact
enhances an informal and flexible approach.
The course on List Processing Techniques first discusses
information structures, introduces some necessary new
concepts, such as dynamic memory allocation, garbage collection, recursion, etc., and deals with the problem of
the design of representation. Programming is then taught in
several list processing languages. A global comparison
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between them concludes the course. There are usually 4·5
home work assignments during the semester. The following
three examples may indicate the level of difficulty in these.

(l) Write a subroutine in SLIP (7) that reads in a tree,
converts it to a binary tree, and traverses the latter in
pre-order, symmetric order or end-order, depending on
the student's number in the class. Read in three pairs of'
trees, one similar, one equivalent pair and one neither,
and establish this fact.
(2) Write a subroutine in LISP (8) that computes the
union or the intersection of two lists, using recursive or
iterative techniques, depending on the student's number
again.

(3) Write a simple-minded scheduling program for students-instructors-classrooms in AMPPL·II (9).
The term projects in this course are usually of somewhat
greater complexity. The topic is often selected by the
student with the help and guidance of the professor.
Examples of these are an information retrieval system on
kinship structures, simulation of some simple cognitive
activity, such as the learning of names of the states in the
U.S., simulation of oscillations in a simple neural network,
a query system concerning two-dimensional diagrams, etc.
No home work is given in the seminar on Formula
Manipulating Languages, it is in fact replaced by the
preparation for the presentations. An example of term
projects (same for the whole class) is the analytical
derivation and numerical evaluation of a maximization
problem by the method of Lagrangian multipliers, using a
formula manipulating language. On our machines" only
SYMBAL (l0) and FORMAC (l I) are available but all the
other better known and many of the lesser known
languages are also covered in the presentations.
Let us now discuss the courses and seminars that belong
to the "theory" category. A course on Heuristic Programming, a seminar representing its continuation on n.:0re
advanced topics and entitled Artificial Intelligence, and a
course on Computational Linguistics should be mentioned
here.
The first course of the above is basically a descriptive
one and follows the recommendation of (I) and (2). Within
a somewhat ill-defined metastructure, a certain number of
representative projects are outlined in reasonable detail. A
similar approach is followed by the lecturing students in the
seminar on Artificial Intelligence. The total area can be
subdivided into three not too distinct categories: (l)
projects aimed at achieving goals that are considered to
require human mental capabilities (Artificial Intelligence);
(2) models of highly organized intellectual activities
(Simulation of Cognitive Behavior); (3) descriptions of
self-adaptive behavior of living organisms or artefacts
(Self-Organizing Systems).
The term projects can be either individually assigned or
somewhat similar for the whole class. Examples of the first
type are a bridge playing program, simulation of a
self-adaptive organism in a hostile environment, modeling
of pattern discrimination and recognition processes, etc.

The other type of term project, which is similar for
everybody, was recently given to a class. Teams of two
students were formed. Each team first had to design a game
that was to be played many times in real life under
Kriegspiel conditions. It means that an umpire can see the
moves of 'both players whilst these have only imperfect
information about the opponent's position. The umpire
tells .the player the result of his move, in using some
noise-perturbed deterministic rules. As can be seen, there is
ample room for planning, exploring, subgoal formation and
creative strategy construction. The aspect of uncertainty
lends an interesting tone to the thought processes of the
players. The second phase of the term project consists of
interviewing one of the players (or using introspection)
about his reasoning and playing technique in the game.
These verbal reports have to be flow-charted and
programmed in the third phase of the term project. The
two students' programs, written separately, are then pitted
against each other through a jointly built interface. The
total experience gained with this work is very valuable and
comprises many significant aspects of the whole field.
The course in Computational Linguistics has so far been
given only once. Since some of the students had not had
previous training in linguistics and some others lacked
sufficient computer experience, a compromise had to be
made, which lead to a less then completely successful
course. The contents centered around the books by Hays
(12) and Chomsky (13) but was augmented by a large
number of other books and articles. The term projects
represented considerable educational experience. It may be
noteworthy to list a few titles of these here: Theories of
Grammar, Parsing Algorithms, Acquisition and Storage of
Textual Data, Literary Stylistic Analysis by Computers,
Machine Translation of Natural Languages, Mathematical
Models of Languages, Semantic Analysis, Some Psychological Implications of Language, The Problem of Meaning, A
Survey of Question-Answering Systems, A Measure Theory'
of Semantic Information, Natural Language in Computer
Form, etc.
Finally, I note that I plan a new seminar on Computers
in Humanistic Research. It will focus on the role machines
play in the analysis and synthesis of natural language
utterances.
4 CONCLUDING REMARKS
I have outlined some courses and seminars offered in the
area of non-numerical computations. It is, perhaps more so
than most other subdisciplines of Computer Science, an
extremely dynamic, fast developing field. The instructor
has to be alert and abreast with the current literature in
order to be able to update the course contents continually.
Also, one could introduce new courses practically every
year. No mention has been made, for example of computer
graphics, computer art, the role of computers in music,
information retrieval, theory of pattern recognition, speech
analysis and synthesis, man-machine systems, management
information systems, just to name a few.
Finally, I should like to point out the importance of
term projects. There is a significant level of freedom given
in these to the students. They have to do some literature
search on their own, they give the detailed specification of
the task, and they select the language used. The joy of
discovery and being creative is a valuable reward. The term
projects often develop into Master's projects and theses,

and represent good training for the doctoral dissertation
and research beyond that.
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APPENDIX
The Ph. D. qualifying examinations have been offered three
times so far. The students are given three hours to complete a paper
in anyone of the four areas listed earlier. The examination in
Artificial Intelligence and Symbol Manipulation has been of the
open book type. It has had four questions on each occasion. The
student is expected to select and answer three of these in detail and
to spend Jesseffort on the fourth question.
As they may provide considerable additional information on the
above described courses and seminars, I am listing the questions as
follows.
Qualifying Examination Number 1:
Question r:
You are asked to computerize the role of an information clerk in
a big department store. In other words, you have to design a system
with which non-sophisticated customers can communicate.
For most queries a board 'of push buttons and/or a light pen plus
scope unit should be sufficient but typing in questions must also be
considered. iNa sound input yet.) The answers are to be given via
lighted bulbs, scope and audio techniques.
Discuss the possible question types of the customers and the way
the questions would be handled. Describe methods that would be
applied in case of unexpected demands on the system, such as a
deaf, blind, 5-year old, non-English speaking, angry, etc. customer.
Define the hardware, linguistic, information storage and retrieval
and other problems, and indicate your solution to them. If you
decide to use 'real' Artificial Intelligence techniques ('I don't care
how humans do It.;"), explain why it is better that way and, also,
explain why certain particular human methods should be followed.
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How could you evaluate the system's efficiency and overall
economy (cost, lost and gained clientele, improved customer service,
ect.)?
Question 2:
Describe the cognitive processes of an adult who learns (a) the
rules, (b) the tactical, and (c) the strategical aspects of Chess.
Using material from the literature and introspection, specify the
characteristics of the evaluation function of a human player. Why is
it difficult to simulate'?
Compare the operational mode of a mediocre and an excellent
player.
.
What kind of software and/or hardware advances would you like
to have available for programming a machine World Champion?

Question 2:
when and how are hypothese formed in human problem solving
and decision making? Does the most efficient -Ianguage of
representation always have to be homomorp~ic ~vith th~ task
environment? If the answer to the last question IS no, give an
example.
Describe a couple of techniques you may use in qualitative
decision making.
Question 3:
Describe the memory management techniques of IPL-V, SLIP
and LISP.
List in detail the advantages and disadvantages of each. In this,
also consider on-line and paging computing environments.

Question 3:

Question 4:

The living brain is known for its tremendous surviving ability.
Not only can one stay alive after serious brain lesions but also vel}'
often the initial impairment of functioning gradually disappears to
some extent. This effect is largely due to the redundant and
statistically distributed logic in the gray matter.
You are to simulate such a brain. The computer memory is to
contain, according to certain (spatial) distribution functions,
multiple occurrences of Program Building Blocks (PBB), such as
small open and closed subroutines, individual instructions and other
program segments. Each of these PBB's is. assigned generalizc~
labels, which bear the statistical 'strength' of linkages to other PBB s
and some crude taxonomic description regarding its area of
applicability.
When a task is presented to the 'brain' (maybe in a GPS-like
fashion), a search process is set up to establish temporary linkages
between PUB's, and a simple, largely unmodifiable executive routine
calls the program so constructed. Any program is interruptable by
higher priority routines {e.g. danger of life). A scanning routine
continually queries various sensory programs and flags. Anoth 7r
permanent program gives commands to and controls the autonomic
nervous system.

Some people believe that there should be an optimally designed
interlingua, into which it would be comparatively easy ~o translate
natural language texts and from which it would be straightforward
to translate into any natural language. So, if there are n natural
languages, there would be a need for 2" translating program.s ins~ead
of n(n-l) ones, which fact represents an additional attraction smce

Design the above system in as much detail as you deem it
necessary. Introduce 'brain lesions' of different severity and study
the time-dependent response of the system in a qualitative way.
How do learning and re-learning take place? What kind of questions
can you answer by using a model of this type?
Question 4:

n>3..

Qualifying Examination Number 3:
Question 1:
Give specifications for a traffic control computer th~t directs
traffic lights, establishes one-way streets, ch~nges lan~ asslgnm~nts,
actuates road signs (to set current travelling velocity, to divert
traffic, ect.) and carries out the collection of various statistical data.
Without going into engineering details, characterize some
possible hardware configuration. Spend, ho~vever, m?st of your time
with describing the software problems. GIVe solutions that are (a)
completely algorithmic, (b) completely symbolic {pattern recognition techniques), and (c) a combination of the two.
You can assume a geometrically well laid-out city plan, in which
there are radial avenues and concentrical streets.
What numerical measures would use in comparing pre- and
post-computer time traffic patterns.

You are asked to design a complex inventory control system for
a multi-product manufacturing company. The company buys raw
material, certain components and various commodities from several
suppliers.
The optimum design should incorporate updating and retrieval
processes operating on an interwoven, symmetric ring structure,
which contains no redundancy in the stored information. The
system should be expandable and, at present, the linkages enable it
to respond to associative questions concerning inventory levels of all
items, their suppliers, cost, customers' orders, ordering and payment
history, and times required to obtain items and to manufacture
products.
The emphasis should be on fast computations rather than on
economizing in memory. In other words, each unit of information
and its pointers may occupy as many computer words as you like.
(Note: It is unlikely that.i.you will be able to draw a
2-dimensional sketch of even a moderately complex ring structure.
Use pointers with symbolic names, in your explanation}
.
Hint: A ring is a circular list the clements of WhICh are either
pieces of 'useful' information or pointers to other rings. A
symmetric ring has two-directional pointers between its clements.

~8:uestion 2:

Qualifying Examination Number 2:

Question 4:

Question 1:
The art of writing self-generating and self-modifying programs is
in its infancy.
Summarize your knowledge about the present situation and
outline some promising steps you would try. Finally, at the risk of
supplying raw material for a science fiction writer, describe how you
visualize the state of art in, say, 10 years from now.
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Describe your ideas about the desirable features of this Interlingua, and its external and internal representation. Justify your
statements by using certain characteristics of English and another
language you are most familiar with.

Describe various techniques that would prune an approximately
exponentially growing tree to be s.earched. Use a con~retc example
in your explanation (game playing, theorem proving, travelling
salesman-like networks, ect.).
Question 3:
Suppose the 'central processor' in human cognition is a limited
capacity sequential mechanism. It interacts with a parallel processor
of a kind that operates on a network of interconnected elements.
The transmission links between these elements represent structural
and relational associations.
Describe various possible modes of interaction between the serial
and the parallel processor. How do you visualize (in other wo~ds,
build a verbal model of) the storing, reinforcing or restructurmg,
and retrieving operations?
What kind of improvements would you expect if one of ~he
several robot projects in this country employed a computer With
associative memory and parallel processing capabilities?

Suppose you would like to write a software package that d.oes
symbolic differentiation. For reasons of economy and machineindependence, you decide to embed it in an algebra~ language, say,
FORTRAN or ALGOL. (This, of course, enables you to evaluate
expressions numerically instantly.)
Design the internal representation of formulae, how the
operations take place, and what automatic and optional simplifications are to be included.
.
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1. INTRODUCTION
During recent years universities, professional organizations
and government agencies (see, for example, Rosser (1966)
and President's Science Advisory Committee (1967)) have
increasingly emphasized the need for educational programs
in computing science and curricula implementations of such
programs. Of the various reports issued in the last three or
four years (e.g., reports of COSINE Committee of the
Commission on Engineering Education (see COSINE
Committee (1967)), the Stony Brook Conference on
Graduate Education (see Finerman (1968)), the Park City
Conference on Undergraduate Education (see undergraduate computing science program are contained in
Curriculum 68 (see Atchison (1968)). Indeed, this pioneering report by the ACM Conunittee on Curriculum in
Computing Science has been accepted as the definitive
curriculum description by many universities when initiating
or expanding undergraduate computing science programs.
The curriculum prescribed in Curriculum 68 reflects the
viewpoint of those advocating a strong specialization in
computing at the undergraduate level, and as such follows
the traditional pattern of most scientific and engineering
undergraduate programs. The large component of computing and mathematics courses recommended (somewhat
over 50% of the total course load) leaves relatively little
room for other scientific or technical subjects, let alone
non-technical subjects in the humanities and social sciences.
We believe that an alternative educational philosophy is
both plausible and sensible. Computing science, being a
broadly based interdisciplinary subject, offers a unique
opportunity for undergraduate programs in the tradition of
liberal education those which expose the student to a wide
variety of subjects yet which prepare the student for
further specialization at the graduate level or for immediate
professional employment. Not only do these programs
encompass studies in the many disciplines which interact
with computing, they also encourage studies in tile social
sciences and humanities, two fields which are sadly
neglected in the academic life of today's science or
engineering student. Finally, the programs described are
flexible; they allow the student greater opportunity to
stucture his own education according to his interests and
competencies. In a particularly American context this
flexibility should allow these programs to playa significant
role in the education of disadvantaged, minority group
students who are entering American universities in rapidly
increasing numbers.
We note that serious study and advocacy of undergraduate computing science curricula are recent phenomena, usually dating back no more than five of six years.
For example, a paper published eleven years ago

(Hollingsworth (1959)) described an 'educational program'
in computing which consisted in its entirety of three
lectures on programming embedded in a differential
equations course. In computing, more so than other
established disciplines, syllabuses are fleeting things
destined to undergo a rapid evaluation over the next few
years as the subject itself evolves. Accordingly, the curricula
presented in this paper are intended more as 'first
approximations', than as final implementations of the basic
underlying philisophy.
2. THE NATURE OF THE COMPUTING PROFESSION
To begin, we reference several statistics which indicate
the magnitude of computing and inferentially at least the
need for education in computing. Specifically, these data
pertain to the increase of professional manpower in the
field, the vast economic potential of this emerging industry,
and the interdisciplinary nature of the computing sciences.
Although these figures apply to conditions in the United
States, they reflect, we believe, a world-wide phenomemon.
An estimated 250,000 full-time computing professionals
are active in the United States. This figure is approximate,
being based on recent surveys and membership in
professional societies. (By comparison, an informal private
survey conducted in 1955, scarcely IS years ago, placed the
total number of computing professionals at 5,000). By
'professionals' we mean those individuals engaged in the
design, building, and use of computers; we exclude those
involved principally in operating or selling computers, nor
do we include those individuals primarily engaged in other
fields who apply computing technology to their disciplines.
Specifically, it is estimated that 50% of these professionals
are employed by service organizations, such as service
bureaus, consulting firms, leasing companies, and computing schools. Another IO to 15%, employed by computer
manufacturers, are involved in the software and hardware
design and building of computing systems. Finally, 35% to
40%, employed at the 30,000 to 40,000 computer
installations in the United States, are involved in such tasks
as system and application programming.
To place these figures in proper perspective, we note
that there pre approximately 750,000 practising engineers
in the United States. Thus, in twenty years since the advent
of computers (and mainly in the absence of educational
programs in computing), the field has attracted almost
one-third the number of professionals who are now engaged
in the many engineering disciplines. An indication of the
magnitude of possible future growth is given by a National
Academy of Science report, issued several years ago, which
estimated that 35,000 new positions in computing would
become available annually for the foreseeable future;
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although many of these positions are not in the professional
category, the total is equal to the number of engineers
graduated annually by United States universities.
. As a measure of the economic potential of the computer
industry, an estimated nine billion dollars spent on various
phases of computing activities during 1968 in the United
States made this one of the largest industries in our
economy. One-third of the total expenditure went for
computing services, mainly software; the remainder was
spent in purchasing, leasing, and maintaining the approximately 50,000 computers installed in the United States (in
1968). It is estimated that the 1970 expenditures may be
about double the 1968 figure and may double again by
1975. The computing industry is the world's fastest
growing major business and this growth is exp.ected ·to
continue well into the decade to come. Indeed, by some
time in the 1980's the computing enterprise may well
become the world's largest business surpassing both the
p~troleum and automotive industries (and computing
science education and training will be a major component
of this enterprise).
Some additional data, reflecting the interdisciplinary
nature of computing, might be useful. Computing draws
people from many fields and it is applied to many fields. It
is perhaps trite to note, yet none the less true, that there is
~carcely an enterprise unaffected by computing technology
m United States society, or a discipline untouched by the
computing discipline in its universities. The findings of a
recent survey conducted by the American Federation of
Information Processing Societies (1969) indicates the
degree to which professionals are drawn to computing from
a number of disciplines. Of those sample respondents
havmg a formal post-high school education, and now
engaged in the computing professions, 33% received their
education in engineering, 15% in mathematics, 10% in the
behavioral sciences, 7% in the physical sciences, 6% in the
computing sciences, 4% in the humanities, and the
remaining 25% in a variety of other fields. Engineering and
m.athematics, the disciplines which spawned computing,
still pred.ollUnate. Clearly, however, computing is no longer
the province solely of engineering and mathematics either
in the problems to which computers are applied or in the
professionals who contribute to computing technology.
3. NEED FOR HIGHER EDUCATION
Despite the educational implications inherent in the
above data, some skeptics question the need for higher
educ~tion for those working in the computing profession,
especially for higher education in computing. (Although
skeptics may be found most anywhere, they seem to
congregate mainly at universities, especially those still
struct~red along the 'faculty chair' concept.) They note
~at shde rule technology is not considered a discipline, and
mfer that, after all, computers are simply large digital slide
rules. They are helped by the many advertisements of
computer schools in the ,United States which promise the,
Utopia of glorious employment opportunities for high
school graduates who complete computer training in these
schools. They receive further comfort from advertisements
of computer manufacturers which point with pride to their
simple programming languages understandable by any high
school student.
And some of these claims are true if we distinguish
carefully between the technician, that is the computer
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operator or tape librarian, and the professional. The fact of
life is that a computing professional requires a much
broader background than one offered by a computer school
(and there are almost 1,000 such schools in the United
States), o.r gained by learning the syntax of a simple
programrmng language. The data presented in the previously referenced reports are helpful in this regard. The
National Academy of Science report indicates that of the
35,000 total new annual positions in computing, more than
half will require college graduates. It references a California
survey which found that 90% of the computing supervisors
and analysts sampled had a bachelor's degree or higher; and
that half of the more lowly coders were required to have a
bachelor's degree. 'The AFlPS report finds that almost 70%
of its survey population possessed a college degree (with
almost half of these having a graduate degree); an additional
25% had some college education. While there is a demand
for those with only a high school background, these
positions have a limited potential. Technicians are as
necessary in computing as in any other field; however, the'
educational background required for these positions should
not be confused with that required for the professionals. In
the United States many leading universities already offer
graduate programs in computing leading to the Masters and
Doctorate degrees; an increasing number of colleges have
undergraduate programs leading to the Bachelor's degree; a
growing number of two year colleges offer programs in
computing leading to the Associate degree. (Several years
ago it was estimated that 550, degree granting academic
programs would be offered during the 1968-69 academic
year. Although actual figures are not available, it would
appear that this estimate was quite conservative and that
the number of actual programs exceeds the projected
figure; for additional discussion see Hamblen (1967),
Hamblen (1969), Finerman (1969)). Clearly, the educational needs in computing science exist and the
proliferating number of academic programs attest to these
needs. They may not all follow the lead of Curriculum 68
exactly, but many are cut from the same cloth: a plethora
of computing and mathematics courses, a paucity of other
subjects.
While strongly favoring academic programs in computing, we believe equally strongly that these academic
programs must stress fundamentals in a number of
disciplines, rather than exposing students mainly to a large
number of computing and mathematics courses. (In fact, at
many universities computing is academically housed in the
mathematics department or the engineering college, and
few but the mathematically or engineering oriented
students can master the courses.) Computing science, at the
undergraduate level, offers the technological field's counterpart of the traditional undergraduate education in liberal
arts. By no means do we infer that such a broadly based
curriculum is meant to be a vehicle whereby students
sample a little of many things but achieve no depth in
anything. An educated man should be broad enough to
understand the meaning and implications of many branches
of knowledge and deep enough in some branches to
understand some of their underlying philosophy and
methodology, thereby being better able to move more
easily to depths in other areas. As opposed to traditional
major academic programs which achieve significant depth in
but one area at the expense of limited breadth, we advocate
a program which achieves some depth in more than one
subject area (including computing science) as well as
significant exposure to a variety of other subjects.

One obvious reason for this belief is pragmatic.
Computing science pervades many disciplines, be they the
natural sciences, engineering, humanities, or social sciences.
Certainly as computing becomes a major force in our
society this interaction will become even more pronounced.
The computing science undergraduate should have a broad
background not only in the disciplines which contribute to
computing (e.g., mathematics and engineering), but in the
disciplines to which computing contributes. This educational background is more helpful both for graduates who
seek immediate professional employment and for those
who continue their education (and specialization) at the
graduate level. Although these statements are offered as
opinions, they are adequately supported by conversations
with and statements of industry and university representatives.
A second reason is our belief that students in computing
should have some opportunity to structure their academic
program according to their secondary interests, be they
psychology, physics or linguistics. Weexpress this belief not
simply to please the student, but to help the fields to which
computing is applied. For too long has there existed a
'communications gap' between the user of computing
technology and the computing practitioner; the result has
been constant strife and misunderstanding between the two
groups, be they located at industrial, academic or business
establishments. Only occasionally is this discord ameliorated by the presence of a user with an understanding of
computing, or a computing professional who has come to
computing from another discipline. We suggest that a
remedy is to give the computing scientist a deeper exposure
to a particular user discipline during his undergraduate
education. This opportunity will not exist to any
appreciable extent if the undergraduate must devote 50% or
60% of his course work to computing and mathematics.
A third reason is the fact that computing technology
significantly impacts the research and teaching methodology in many traditional disciplines. As examples we note
the increasing use of the computer and numerical analytic
techniques in the teaching of basic calculus and the use of
on-line interactive techniques in Psychology and Management Science. Various types of medical methodology, for
example in surgical monitoring, are just starting to be
revolutionized by the computer. The computer serves not
only as a tool for the sociologist but is itself an object of
study in its social impact. Philosophical problems, some
considered settled, have been reopened by the computer.
Thus, not only does an interdisciplinary computing science
program which emphasizes breadth as well as depth serve
the computing scientist well, but may in addition provide a
useful base for graduate study in other disciplines.
Finally, a fourth reason for this belief concerns the role
of the scientist in society. Engineers and scientists are being
held increasingly accountable for the effects of their work
on society. Traditionally, the scientist has been insulated
and isolated from society. Events in our time have
demonstrated that this isolation is no longer possible; these
events deal not only with the scientist's responsibility for
his contributions to the weapons of war, but to the tools of
peace -- not' only of the anti-ballistic missile, but of the
computerized data bank, If computing technology is to
contribute to the meaningful development of society, the
computing scientist must be a well educated and informed
citizen, not simply a well trained technician. Obviously, this
argument holds for other scientific and engineering

disciplines, but we feel it is especially pertinent in
computing. As already noted, computing technology is
rapidly becoming a fundamental force in all walks of life. It
touches and is visible to all -- the bank teller, the airline
reservations clerk, the accountant, as well as the scientist
and engineer. The computing practitioner, more so than
most others, cannot divorce his work from the social and
political consequences of his work. (For additional
discussion see, for example, Alker (1970), Miller (1970)
and Science (1969».
All these factors lead us to the belief that in a well
balanced computing science undergraduate program, the,
disciplines outside of computing and mathematics should
predominate, constituting at least 70% of the undergraduate credits; computing science and mathematics
splitting the remaining 30%_ Why do we single out
mathematics for special attention by lumping it with
computing? Not, as some mathematicians may contend,
because computing science is a branch of mathematics. It is
not. However, mathematics provides a basic training for
numerous disciplines. Engineering and the physical sciences
have long recognized this fact. In recent years the social
sciences, the earth sciences, the life sciences, the behavioral
sciences, the management sciences and even the nonsciences in the humanities and arts have begun to recognize
the necessity for integrating more rigorous analytical
techniques into their disciplines. Much as mathematical and
computer training have made it possible for analytic and
algorithmic processes to complement intuitional and
experimental methods in engineering and the natural
sciences, such training is equally valid in most other
disciplines.

4. COMPUTING SCIENCE CURRICULA
We shall now discuss in some detail the kinds of
programs we think make sense in the context of the
educational philosophy heretofore discussed.
First let us consider a basic sequence of courses in
computing science itself which will satisfy our main goals of
preparing a baccalaureate student for either a professional
position or for further study at the graduate level in
computing science and will, in addition, serve as a base for
students who wish to pursue computer-related graduate
work in other disciplines. For convenience in what follows
we reference in parentheses the relevant courses in
Curriculum 68.
The courses and their interrelation are shown in Figure
I. Let us consider briefly the content of each of these
courses:

BasicCourse (B I)
Whether it focuses on algorithms or, as we would prefer,
on language and communication with computers with
algorithms on an intuitive level, this course will provide
a basic introduction to computing science by introducing the student to a variety of topics - data
structures, programming systems, compilation techniques, basic logic - in the context of teaching the
student to solve problems in an algebraic procedureoriented" higher level language and, as much as possible,
emphasizing the symbol manipulation aspect of computer.
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Higher Level Languages

To broaden the language and algorithm understanding
of the first course, this course would introduce the
student to the applications of three higher level
languages other than that discussed in the basic course.
Although one of these might be another algebraic
procedure-oriented language (e.g. Algol or PL/I if the
Basic Course emphasizes Fortran); at least one would be
a list or string processing language and another might be
a non-procedural language,
Machine and Assembly Language (B2)

This course is a first look at computer structure in the
context of teaching machine and assembly language. An
interpreter which simulates a simple machine may be
used early in the semester but, by the errd of the
semester, the student should be reasonably fluent in the
assembly language for a particular machine.
Topics such as subroutines, linkages, indexing and
indirect addressing should be covered.
Fundamental of Computer Systems

Following directly from the previous course, this course
emphasizes hardware concepts at the logical level such
as registers, storage, instruction interpretation including
microprogramming, input-output and interrupts. Students might build a simulator and realize a system of
their own design on it.
Data Structures (II)

With the pragmatic background of a number of higher
level languages and assembly language, the student could
now explore data structures more formally including
such topics as lists, strings, arrays, multilinked structures, tree and graph representation of data structures,
symbol tables and searching techniques.
Problem Seminar

Students
to write
students
program

need more opportunity than in normal courses
complex computer programs. In this seminar
would develop some difficult algorithms and
several in a higher level or assembly language.

Independent Study

As an alternative to the problem seminar, a student or
group of students working together could develop,
under faculty supervision, a rather complex computer
system as a term project.
As indicated in Figure I, we see these courses naturally
occuring in particular years in a four year program. Also we
should emphasize that we consider the courses described
above and shown in.Figure I to be a maximum sequence of
computing science courses which an undergraduate should
take and still have ample opportunity to satisfy the breadth
aspect of this program. A minimum sequence could omit
either the problem seminar or independent study and one
of the third year courses. We note, however, our belief that
either the problem seminar or independent study is
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necessary to give the student the programming maturity
and breadth of view necessary to begin professional work in
the computing field.
Beyond the courses listed above the only other course
we would require is one similar to the Curriculum 68
Course B3, Introduction to Discrete Structures (which we
believe should include some material on the implications .of
finite word length arithmetic as well as the material listed in
Curriculum 68).
But, if we would not require any more specific courses, we
would require that any students in such a program take at
least some minimum number of courses in other broad
disciplinary areas. For example, the student might be
required to take at least six courses from the Humanities,
four from the Social Sciences and six from Science and
Engineering.
We recognized earlier that a mathematics component is
vital in any curriculum in computing science. We noted
above that we would require a course in discrete structures.
Beyond this we would expect a student to take a minimum
of three other mathematics courses. As Curriculum 68
partially realizes, the traditional undergraduate mathematics program, which emphasizes calculus, may not be
appropriate for many computing science students. Except
for students headed toward work in numerical analysis, an
emphasis on discrete mathematics is preferable to the usual
continuous mathematics sequence, difficult though it is to
obtain a good sequence of such courses at many American
universities. We believe, of course, that some study of the
calculus should be part of any undergraduate education.
But, to require calculus for the reason would imply
requiring a variety of other courses from many disciplines.
One of the significant features of the type of broad
programs we are discussing is the availability of time for the
student to pursue a secondary area in some depth. Weshall
now consider a number of possibilities for such secondary
specialization.
Although mathematics is a basic part of any curriculum
considered here, it is also a natural further area of depth in
either the discrete or continuous area. For the student
interested in numerical analysis, in particular, the normal
calculus sequence followed by some numerical analysis and
linear algebra would, together with some other discrete
mathematics, make an excellent secondary concentration.
Electrical engineering is another natural subfocus for
students emphasizing computer science. Courses in Switching Theory (16), Sequential Machines (17) and Analog
and Hybrid Computing (A3), among others, make sense in
this context. We note only that the prerequisite system in
many electrical engineering departments makes it difficult
for students to take such courses without a number of
mostly unnecessary background courses.
For students whose second area of depth is mathematics
or engineering it is particularly important to assure that
most of their remaining education is in the arts, humanities
and social sciences. This is not to say that such students
should not, for example, study any physics or biology but
rather that care must be taken to avoid overly scientific and
technical programs.
Outside the sciences and engineering there are a number
of possible subsidiary areas of study for the concentrator in
computing science. Fotillustrative purposes we mention
three:
(I) Linguistics - The ties to computing science are
obvious. Study of historical linguistics as well as

formal and computational linguistics provide an ideal
complement to the computing science courses.
(2) Psychology - Here the student whose computer
interests are oriented toward artificial intelligence
and abstract symbol manipulation will obtain the
necessary background in psychology to pursue
graduate or professional aims in these areas.
(3) Philosophy - Long looked at as a subject of more
interest to mathematicians than other scientists,
philosophy is an increasingly useful secondary area
of study for computing scientists. There is so much
superficiality in most of the philosophical discussions about the potentiality of computers that we
must at least hope that more knowledge of classical
philosophical problems will bring a higher level of
sophistication to our speculations.
These do not exhaust by any means the 'areas of
subconcentration for students with a primary interest in
computing science but leave to the reader a continuation of
the list. Assuming naturally that the subconcentration is no
more intensive than the computing science component of
the program, about half of the total undergraduate program
would still be available to be used to for study in a number
of other areas of human knowledge, some of this by
necessity low level or even superficial but some involving
three or four courses in a particular area to provide sound
basic knowledge. We note in particular the need of most
American college students for further training in the use of
their native language, especially the writing of it.
Documentation is a tedious but necessary part of the
computer professional's life and at least some of our
failures in this areas may be ascribed to a failure to teach
our students the structure of an English sentence.
Although it may be implicit in the foregoing, we would
emphasize the importance of good advisement for the
student in programs as flexible as those we have described.
Most students will desire and need close contact with a
faculty member in order to structure their programs
sensibly.
5. A SPECIFIC PROGRAM
We conclude this paper with a brief description of a
program at one of our institutions (State University of New
York at Buffalo) which embodies many of the principles
described above.
This program was begun last September with fourteen
undergraduates from among about 50 who applied.
Applicants were accepted only from current students at
SUNY at Buffalo. Our desire was to admit students at the
end of their first year in order to retain sufficient flexibility
in their total programs but, because of the demand, we
decided to admit some students who were completing their
second year. The total number admitted was kept

purposely small in order that the faculty members of the
Department of Computer Science could provide the close
advisement necessary for this program.
Until the inception of this program the Department of
Computer Science offered only masters and doctoral
programs in compu ting science. The undergraduate offerings were limited to basic service courses for the
university as a whole. We now offer all the courses in Figure
I with the exception of the data structures course which we
expect to add in the 1970-71 academic year.
At this writing the program has been in operation for
only one semester. It is thus too early to say anything very
useful about it although we surely have no reason to believe
that our instincts have not been good. Despite the folklore
which states that American college students want less
rigidly controlled education, we have found a number of
students insecure in the unstructured environment of this
program. Rather than making us believe that perhaps we
should add more structure the program, we are convinced
that the immaturity of many of our students implies the
importance of requiring them to think about their own
education even if it hurts. In particular, we note an
increasing belief on the part of the computing science
faculty that the idea of independent study in the final year
has great merit.
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"One must inevitably conclude that the troubles of today are attributable not to the failures of our university system. but to its successes. --Success has thus Jed only to rising r.xpectations - ~"."
Lee A. DuBridge, Science December 13, 1968.

I. INTRODUCTION

Dr. DuBridge's words, paraphrased for computer usage
in higher education, have even greater validity than when
applied to the system of higher education in general. The
universities' faculty and students have been so successful in
finding useful applications for computers in their instruction and research activities that they expect - in some
cases demand - more and more time on faster and larger
computers. It is not unusual to hear that the availability of
a computer of a given magnitude was onc of the most
important criteria in recruitment of new faculty. If not
already, the time is near when students, both undergraduate
and graduate. will be similarly concerned when selecting a
school.
The use of the computer has become so widespread and
so intensive in all areas of the instruction, research and
administrative processes that for the fiscal year 1968-69,
the total value of computer services was estimated to
exceed $335 million in 1100 of the nation's 2500
instilU tions of higher education which had computers. The
remaining 1400 institutions, though their needs are on a
much smaller scale, are finding it difficult to provide
computer facilities for their faculties and students without
considerable assistance from outside sources.
As the administrators of these have-not colleges feel the
pressure of desire and need for computers from their staffs
and students, they will be translating these pressures to
requests from state and federal agencies and private
foundations. These pressures both realized and anticipated
led to the support of an inventory of computers in U.S.
higher education by the National Science Foundation and
the Southern Regional Education Board. J
2. BACKGROUND

2.1 Previousrelated studies
Several surveys of various aspects of compu ter
utilization in higher education have been carried out in the
past ten years. However, the inventory reported here,
Hamblen (1969), is the most comprehensive study that has
been undertaken. Major studies and reports have been
accomplished in the past by Keenan (1963), Hamblen and
Atchison (1964), Rosset, et al (1966),AACRAO(l965),
Hamblen (l967), and Pierce, et al (l967). The recommendations contained in the Rosser and Pierce Reports had
considerable impact on the development of computing
activities in U.S. higher education during the last five years
(l965-70).

2.2 Purpose of the Inventory
Education administrators, boards of trustees, state
departments of education, boards of higher education, and
various offices of the federal government are continually
faced with decisions related to the purchase or lease and
operation of expensive computer facilities in colleges and
universities. One of the first reactions of such a group faced
with this problem is to attempt to find out what other
schools have done. State and federal agencies, as well as
other planning groups, need a comprehensive picture of the
use of computers in colleges and universities. Often the
need is for information about individual institutions. State
or regional summaries are sometimes required as well as
national statistics.
Since many colleges are now adding computers for the
first time and since many of the universities and colleges
which already have computers are adding or replacing
computer systems, the inventory of computers and
computer science curricula for 1966-67 provide much
useful information for guidance in making related decisions.
The original intent was to establish a data file which
could be readily updated but remain relatively unchanged
in character. However, because of the rapid changes in the
nature of computer facilities in colleges and universities
which have been brought about by recent moves to
timesharing facilities this may not be desirable. This is
particularly true if the updating cycle spans two or more
years. Present plans call for publication of the major
summaries by NSF during late 1970, an update of the
inventory for 1969-70 and a subsequent publication by
NSF during the Fall of 1971.

2.3 The Inventory
Table 1 gives the number of institutions (N) in each of
the groups of institutions obtained by stratifying on three
characteristics of the institutions. The characteristics used
were:
Control:
l. Public
2. Private
Highest Level of Offering:
l. Associate
2. Bachelor's
3. Master's
4. Doctorate
Enrollment (Fall 1967) Class:
I. Below 500
2.
500 - 2.499
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3. 2.500 - 9.999
4. 10.000· 19.999
5.20.000 and above
This stratification produced 82 non-empty groups of the
90 possible.
3. COMPUTERS [N THE [NSTlTUTlONS.
For each elementary group (3-way classification) and
for each classification variable, the estimated numbers of
institutions with computers are presented in Tables 3.1,
3.2,3.3,3.4.
Overall, two out of every five colleges and universities
had computer facilities by June 30, 1967. The percentages
are lower in the small schools (under 2500) and particularly
the small private colleges. For example, from table 2.1 it
can be shown that only one out of every 25 of the 569
private colleges with under 500 students had computers and
less than one out of every five of the 1321 private colleges
with less than 2500 students had computers. No attempt
has been made to exclude schools which may have little or
no potential use of computers such as the small seminaries
and certain other small professional schools. In future
studies this should be considered to provide more precise
measures of computer pervasiveness in U.S. colleges and
universities.
Table 3.5 presents the distribution of computers
reported by manufacturer and model. These are actual
counts of compu ters reported and no attempt has been
made to estimate the numbers for the population by
manufacturer and model. However, an estimated [577
computers were in use in the 2477 institutions as of June
30, 1967.
4. DEGREE PROGRAMS
4.1. Summary of Programs by Level

Tables 4.1, 4.2, 4.3, 4.4 present estimates of the
numbers of degree programs which were being offered in
U.S. colleges and Universities as of June 30, 1967, by
elementary groups and the classes of the stratification variables.
Table 4.5 presents the number of degree programs reported at each of the four levels, associate, bachelors,
masters and doctorate, for each degree program name and
totals. The estimated population totals are those obtained
from Table 4.1.
Table 4.6 provides a comparison with the population
estimates of going programs during [964·65, those
projected by the institutions for about 1967·68, (Hamblen
[1967]) and the 1966·67 estimates.
4.2. Faculty, Majors, and Degrees A warded, 1966-67
The number of institutions reporting various degree
programs, their total faculty, numbers of majors, both
undergraduate and graduate, and the number of degrees
awarded during 1966·67 are reported in Table 4.7.
Best estimates lor each heading are also given. These
estimates were obtained by applying the overall extrapolation ratio of 1.25 to the reported totals. This is
probably a little high for the higher degree levels but the
estimates are likely to be within 10% of the true values on
the high side.
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The institutions of higher education projected that they
would have 18.807 undergraduate majors and 5.318
graduate majors during the academic year 1968·69 (see
Hamblen [1967]). However estimates from the inventory
conducted for 1966·67 showed (see Table 4.8) that the
undergraduate figures had already been exceeded (22.161)
and that the number of graduate majors (4.936) was fast
approaching the 1968·69 projections.
Table 4.6 shows that except for the associate degree
programs, which had already in 1966·67 exceeded the
projected figure (188) for 1967·68, the numbers of new
degree programs were lagging behind the numbers projected
by the institutions. It follows then that the programs in
existence during 1966·67 were accommodating many more
majors than was originally anticipated by the institutions
when they made their projections for 1968·69.
4.3 Institutions Reporting Degree Programs

Institutions which reported degree programs at the
associate degree level for 1966·67 are listed in Table 4.9
and those reporting degree programs at higher levels are
listed in Table 4.10. In a few cases some judgements were
necessary to classify a program and as is pointed out in
Table 4.10 some of the schools may have had more than
one option. For eexample a Department of Information
Science may also offer a degree program in Computer
Science.
5. EXPENDITURES FOR COMPUflNG ACTIVITIES
1966-67.
When comparing expenditure or cost estimates for
computers in higher education there are several cost
elements which mayor may not be included at any given
time due to policy changes or in any given study and due to
differences in the intent and purposes of the studies. The
following are among such elements:
I.
2.
3.
4.
5.

Indirect Costs or Overhead
Manufacturers Discounts
Administrative Uses of Computers
Depreciation of Purchased Equipment
Research and Development (may be shifting from
Computer Center to Computer Science or other
Department)
6. Instruction salaries
7. Computer services to others outside the institution

The estimates used to construct the graphs in Figures
5.1, 5.2, 5.3 do contain a 20% of direct costs item as an
estimate of indirect costs, do not contain any allowance for
manufacturers discount (estimated to have been 40·50
million), do include costs for administrative uses of
computers, do not contain depreciation figures, do not
include expenditures for instructional departments in
computer sciences, etc., except for computer services
supplied to those departments, and do include services to
those outside the institution.
6. FUTURE PLANS FOR PUBLICATIONS AND up.
DATING
On March I, 1970, SREB entered into. a two-year

contract with the National Science Foundation to prepare
copy for an NSF publication containing the major
summaries which were generated under the previous
contract (NSF C 508) for each of the five forms (1966-67
data), to revise the forms and instructions in keeping with
current trends and changes in hardware and software and to
update the flle with 1969-70 data, to produce comparable
summaries for 1969-70 and to prepare copy for an NSF
publication on 1969-70 data. The first publication is
scheduled for fall 1970 and the second one approximately
one year later. Additional studies will be made on the data
files as needed or approved by the National Science
Foundation.
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Table 3.1
Estimates of Numbers of Institutions with Computers
by Type of Control, Highest Level of Offering and Enrollment Class
June 30, 1967
Group
Public Associate Below 500
500· 2.499
2.500· 9.999
10.000· 19.999
20.000 and above
Bachelor's Below 500
500· 2.499
2.500· 9.999
10.000· 19.999
20.000 and above
Master's Below 500
500· 2.499
2.500· 9.999
10.000 . 19.999
20.000 and above
Doctorate Below 500
500· 2.499
2.500· 9.999
10.000·19.999
20.000 and above
Private Associate Below 500
500· 2.499
2.500· 9.999
10.000·19.999
20.000 and above
Bachelor's Below 500
500· 2.499
2.500· 9.999
10.000·19.999
20.000 and above
Master's Below 500
500· 2.499
2.500· 9.999
10.000 . 19.999
20.000 and above
Doctorate Below 500
500· 2.499
2.500· 9.999
10.000·19.999
20.000 and above
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Total #
Insts.
100
256
116
23
0
10
65
24
I
0
4
40
133
8
10
32
53
49
53
24
187
87
4
0
0
247
461
22
I

#Insts.
%
with Computers with Computers
10
120
83
20

10
47
72
87

I

31
20
0

10
48
83
0

2
17
114
8
10
6
39
46
50
23
5
13
2

50
43
86
100
100
19
74
94
94
96
3
IS
50

8
113
15
I

3
25
68
100

0
97
156
58
2
0
38
48
45
17
6

8
65
48
2

8
42
83
100

4
29
44
17
6

60
98
100
100

2477

980

40

II

Tabl~

,.4

E~timat~~ of llu."ber~ of I~titutions
\11th COIllput.. r~ by Type nnd Control

June '0, 1961

_0'
Control
Publle
Private

Approx.
FlLll '61
Enrolb:ent
(milliOns)

TotlLl I
Inst's.

~

IIllOt's.

2.1

1001
1416

"''"
,80

1.0

2477

;SO

,.,

~ters

600

...fth
CQ;lputers

"

60

"
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Table 4.1
Estimates of Numbers of Degree Programs in
Computer Science, Data Processing, Information Science, etc.
by Type of Control, Higbest Level of Offering and Enrollment Class
June 30, 1967
Control, Level and
Enrollment Class

Total No.
Institutions

Associate

Public Associate Below 500
500 - 2.499
2.500 - 9.999
10.000 - 19.999
20.000 and above
Bachelor's Below 500
500- 2.499
2.500 - 9.999
10.000·19.999
20.000 and above
Master's Below 500
500- 2.499
2.500- 9.999
10.000 - 19.999
20.000 and above
Doctorate Below 500
500- 2.499
2.500 - 9.999
10.000 - 19.999
20.000 and above
Private Associate Below 500
500- 2.499
2.500- 9.999
10.000 - 19.999
20.000 and above
Bachelor's Below 500
500 - 2.499
2.500 - 9.999
10.000 - 19.999
20.000 and above
Master's Below 500
500 - 2.499
2.500 - 9.999
10.000 - 19.999
20.000 and above
Doctorate Below 500
500- 2.499
2.500 - 9.999
10.000 - 19.999
20.000 and above

100
256
116
23
0
10
65
24

6
82
63
18
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I

0
4
40
133
8
10
32
53
49
53
24
187
87
4
0
0
247
461
22
I
0
97
156
58
2
0
38
48
45
17
6

Bachelor

0
I
3
0

0
I
3
0

0
0
6
I

0
3
12
I
I
0
5
9

I

0
0
I

Master

Doctorate

0
I
2
0
0
0
2
II
18
16

0
0
3
10
13

I

II

0
I
I
0

12

0
0
I
I

0
0
3
I

0
0
0

0
2
5
0

0
0
6
0

3
0
I
0
0

0
0
5
6
2

0
3
9
17
2

I

0
I
12
II
2

Table 4.2
Estimates of Numbers of Degree Programs in
Computer Science, Data Processing, Information Science, etc.
by Enrollment Class
June 30, 1967
Fall 1967
Enrollment
Class

Total
Inst's

Below 500
500 - 2.499
2.500- 9.999
10.000 - 19.999
20.000 and above

715
1166
451
105
40

Totals

#

---

2477

Approx.
Fall '67
Enrollment
(millions)

Assoc.

Programs
Mast.

#Degree
Bach.

o

Doct.

o

.2
1.5
2.7
1.6
1.0

10
84
76
21
I

0
12
37
19
IS

28
35
18

I
IS
21
IS

7.0

192

83

87

5'2

--

6

Table 4.3
Estimates of Numbers of Degree Programs in
Computer Science, Data Processing, Information Science, etc.
by Highest Level of Offering
June 30, 1967
Highest Level
of Offering

Below 500
Bachelor
Master
Doctorate
Total

Total #
lost's

773
831
508
365

1.5
1.0
1.9
2.6

2477

7.0

---

# Degree

Approx.
rail '67
Enrollment
(millions)

Assoc.

Bach.

171
6
9
6

I
8
24
50

-192

-83

Programs
Mast.

9
78

-87

Doct.

52

-52

Table 4.4
Estimates of Numbers of Degree Programs in
Computer Science, Data Processing, Information Science, etc.
by Type of Control
June 30, 1967
Type of
Control

Total #
Inst's.

Approx.
Fall '67
Enrollment
(millions)

Public
Private

1001
1476

4.9
2.1

Total

---

2477

-7.0

# Degree
Assoc.

Bach.

Programs
Mast.

183
9

59
24

50
37

-192

-83

-87

Doct.

26
26

--

52
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Table 4.5
Reported Degree Programs
1966·67

Program

Assoc.

Bach.

Master's

Doctorate

Data Processing
Computer Science
Option in Elec. Eng.
Information Science
Option in Math
Computer Technology
Option in Eng.
Compu ter Programming
Information Systems
Management Science
Option in Ind. Eng.
Option in Bus. Admin.
Systems Analysis
Information Processing
Quantitative Methods
Systems Engineering

122
7

11
30
8
2
7
I
2

4
37
9
9
4

I
22
6
8
4

3

2
3
3
I

8
I
4

4

3
I
2
1
I

I

Reported Totals

142

72

78

46

Estimated Population Totals

192

83

87

52

Table 4.6

Source

Estimates of Numbers of Degree Programs in
Computer Science, Data Processing, Information Science, etc.
Year
Status
Assoc.
Bach.
Mast. Doct. Total

SREB Survey
SREB Survey

1964·65
1964·65

SREB Survey
SREB Inventory

1967·68
1966·67
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Going
New, Planned
by 1967·68
To Be Going
Going

83
105

44
107

61
76

38
43

226
331

188
192

151
83

137
87

81
52

557
414

Table 4.7
Computer Oriented Degree Programs
1966-67

Number'
of
Insts.
Data Processing
Computer Science
Option in Elec. Eng.
Info. Science
Option in Math.
Computer Technology
Option in Eng.
Computer Programming
Information Systems
Management Science
Option in Ind. Eng.
Option in Bus. Adrn,
Systems Analysis
Information Processing
Quantitative Methods
Systems Engineering

Faculty

UnderGrads.

Grads.

133
059
012
010
008
008
007
004
004
003
003
002
002
001
001
001

506
569
108
122
91
36
53
6
84
43
31
14
7
5
3
II

12.765
1.727
447
100
863
496
35
281
424

113

48

TOTAL

258

1.743

17.729

3.949

Estimated Population
Totals

311

2.179

22.161

4.936

115
50
313

92

1.429
298
627
780

Assoc.
872
58

13
4
78

268
8
125
26
225

Bach.

Mast.

49
175
127

13
242
86
64
5

34
8
3
73

9

3

12
20

19

Doct.

41
25

3
91
13
50

7

IS

2

1.025

475

539

139

1.281

594

674

174

23

15

3

Table 4.8
Estimated Numbers of Majors in Computer Sciences
Data Processing, Information Sciences, etc.
Source
SREB Survey
SREB Survey

Year

1964-65
Projected
1968-69
SREB Inventory 1966-67

Undergraduate

Graduate

4.338
18.807

1.314
5.318

22.161

4.936
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Table 4.9
Colleges Offering an Associate Degree in
Data Processing
SCHOOL

LOCATION

ZIP CODE

John C Calhoun State Tech College
Wm. L. Yancey State Jr. College
Arizona Western College
Phoenix College
Allan Hancock College
Bakersfield College
Cerritos College
Chabot College
Chaffey College
San Mateo Jr. College Dist
Contra Costa College
Diablo Valley College
El Camino College
Foothill Jr. College Dist
Los Angeles Tr. Tech College
Orange Coast College
Pasadena City College
San Diego Junior College
San Jose City College
Southwestern College
Mesa College Main Campus
Otero Jr. College
Southern Colorado St. College
Trinidad State Jr. College
Norwalk Community College
Norwalk State Tech. Institute
Thames Valley St. Tech. College
Jr. College of Broward County
Miami-Dade Junior College
North Florida Jr. College
Pensacola Jr. College
St. Petersburg J r. College
Abraham Baldwin Agric. College
Black Hawk College
Chicago City College
Danville Jr. College
Kaskaskia College
Illinois Valley Cmty. College
Morton Junior College
Rock Valley College
Southern Illinois Univ·VTI
Elgin Com. College
Triton College
Vincennes University
Butler Country Cmty. Jr. College
Eastern Kentucky University
Annevarundel Cmty. College
Community College of Baltimore
Harford Jr. College
Newton Jr. College
Delta College
Ferris State College
Flint Cmty Jr. College
Lansing Community College
Macomb County Cmty College
Muskegon Co. Cmty College
Northwestern Michigan College

Decatur, Alabama
Bay Minette, Alabama
Yuma, Arizona
Phoenix, Arizona
Santa Maria, California
Bakersfield, California
Norwalk, California
Hayward, California
Altaloma, California
San Mateo, California
San Pablo, California
Pleasant Hill, California
El Camino College, California
Los Altos Hills, California
Los Angeles, California
Costa Mesa, California
Pasadena, California
San Diego, California
San Jose, California
Chula Vista, California
Grand Junction, Colorado
La Junta, Colorado
Pueblo, Colorado
Trinidad, Colorado
Norwalk, Connecticut
S. Norwalk, Connecticut
Norwich, Connecticut
Fort Lauderdale, Florida
Miami, Florida
Madison, Florida
Pensacola, Florida
Clearwater, Florida
Tifton, Georgia
Moline, Illinois
Chicago, Illinois
Danville, Illinois
Centralia, Illinois
La Salle, Illinois
Cicero, Illinois
Rockford, Illinois
Carbondale, Illinois
Elgin, Illinois
Northlake, Illinois
Vincennes, Indiana
El Dorado, Kansas
Richmond, Kentucky
Arnold, Maryland
Baltimore, Maryland
Bel Air, Maryland
Newtonville, Massachusetts
Bay City, Michigan
Big Rapids, Michigan
Flint, Michigan
Lansing, Michigan
Warren, Michigan
Muskegon, Michigan
Traverse City, Michigan

35699
36507
85364
85013
93454
93305
90650
94545
91701
94402
94806
94523
90506
94022
90015
92699
91106
92101
95114
92010
81501
81050
81005
81082
06854
06854
06360
33314
33156
32340
32504
33515
31794
61265
60601
61832
62801
61301
60650
61111
62901
60120
60164
47591
67042
40475
21012
21299
21014
02160
48710
49307
48503
48914
48093
49442
49684

II{21O

Schoolcraft College
Washtenaw Cmty College
Copiah Lincoln Jr. College
Jefferson Davis Jr. College
Central Missouri St. College
Florissant Valley Cmty. College
Meramec Cmty. College
Forest Park Cmty. College
Metro Jr. College K.C., Missouri
Missouri Southern College
New Hampshire Technical Inst.
Ocean County College
Mercer County Community College
New Mexico Junior College
New Mexico State Univ.
Cuny Manhattan Cmty College
Cuny Kingsboro Cmty College
Cuny N.Y. City Cmty College
Genesee 'Cmty College
Suny Ag. Tech. Alfred
Suny Ag. Tech. Canton
Suny Ag. Tech. Cobleskill
Suny Ag. Tech. Farmingdale
Suny Ag. Tech. Morrisville
Auburn Comm. College
Dutchess Cmty. College
Erie Co. Tech. Institute
Hudson Valley Cmty. College
Monroe Community College
Nassau Community College
Orange County Cmty. College
Suffolk Cmty College
Rockingham Cmty. College
Western Carolina University
Bismarck Jr. College
North Dakota State Sch. of Sci.
Cuyhog Cmty. College Metro Cam.
Sinclair Cmty. College
Central Oregon Cmty. College
Harrisburg Area Cmty. College
Montgomery C. Cmty. College
Rhode Island Jr. College
Greenville Tech.
Richland Technical Ed. Cir.
Chattanooga State Tech. Inst.
Cisco Junior College
Cooke County Jr. College
Dallas Cty. Jr. College Dist.
Del Mar College
Grayson Co. Jr. College
Navarro Jr. College
Odessa Collega
San Antonio College
Texarkana College
Wharton County J r. College
Weber State College
Northern Va. Cmty. College
Richmond Prof. Institute
Everett College
Grays Harbor College
Highline College
Seattle Community College
Spokane Community College
U. Puerto Rico Rio Piedras
U. Puerto Rico Mayaguez

Livonia, Michigan
AnnArbor, Michigan
Wesson, Mississippi
Gulfport, Mississippi
Warrensburg, Missouri
St. Louis, Missouri
St. Louis, Missouri
St. Louis, Missouri
Kansas City, Missouri
Joplin, Missouri
Concord, New Hampshire
Toms River, New Jersey
Trenton, New Jersey
Hobbs, New Mexico
University Park, New Mexico
New York, New York
Brooklyn, New York
Brooklyn,New York
Batavia, New York
Alfred,New York
Canton, New York
Cobleskill, New York
Farmingdale, New York
Morrisville, New York
Auburn, New York
Poughkeepsie, New York
Buffalo, New York
Troy, New York
Rochester, New York
Garden City, New York
Middletown, New York
Selden, New York
Wentworth, North Carolina
Cullowhee, North Carolina
Bismarck, North Dakota
Wahpeton, North Dakota
Cleveland, Ohio
Dayton, Ohio
Bend, Oregon
Harrisburg, Pennsylvania
Conshohocken, Pennsylvania
Providence, Rhode Island
Greenville, South Carolina
Columbia, South Carolina
Chattanooga, Tennessee
Cisco, Texas
Gainesville, Texas
Dallas, Texas
Corpus Christi, Texas

Denison,Texas
Corsicana, Texas
Odessa, Texas
San Antonio, Texas
Texarkana, Texas
Wharton, Texas
Ogden, Utah
Bailey Cross Road, Virginia
Richmond, Virginia
Everett, Washington
Aberdeen, Washington
Midway, Washington
Seattle, Washington
Spokane, Washington
Rio Piedras, Puerto Rico
Mayaguez, Puerto Rico

48151
48107
39191
39501
64093
63135
63122
63110
64II 1
64801
03301
08753
08608
88240
88001
10020
Il235
Il201
14020
14802
13617
12043
II 735
13408
13021
12601
14221
12180
14607
11530
10940
11784
27375
28723
58501
58075
44115
45402
97701
17199
19248
02908
29606
29205
37406
76437
76240
75202
78404
75020
75110
79760
78212
75501
77488
84403
22041
23220
98201
98520
98031
98122
99202
00931
00708
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Table 4.9 (cont'd)
Colleges Offering an Associate Degree in
Computer Science
SCHOOL

LOCATION

ZIP CODE

Gadsden State Jr. College
Jefferson State Jr. College
Cornell University
Youngstown State University
Southwestern State College
Chattanooga State Tech. Institute
Columbia State Crnty. College

E. Gadsden, Alabama
Birmingham, Alabama
Ithaca, New York
Youngstown, Ohio
Weatherford, Oklahoma
Chattanooga, Tennessee
Columbia, Tennessee

35903
35215
14850
44503
73096
37406
38401

Colleges Offering an Associate Degree in
Computer Programming
SCHOOL

LOCATION

ZIP CODE

Brevard Jr. College
Manatee Jr. College
Bristol Cmty. College
Potomac St. College ofW. Va. U.

Cocoa, Florida
Bradenton, Florida
Fall River, Massachusetts
Keyser, West Virginia

32922
33505
02720
26726

Colleges Offering an Associate Degree in
Computer Technology
SCHOOL

LOCATION

ZIP CODE

Prairie State College
University of Evansville
Montgomery JC Takoma Park
Montgomery JC Rockville
New York Institute of Tech.
Voorhees Technical Institute
Ohio College of App. Science
Allegheny Cmty College

Chicago Heights, Illinois
Evansville, Indiana
Takoma Park, Maryland
Rockville, Maryland
New York, New York
New York, New York
Cincinnati, Ohio
Pittsburgh, Pennsylvania

60411
47704
20012
20850
10023
10036
45210
15212

Colleges Offering an Associate Degree in
Quantitative Methods
SCHOOL

LOCATION

ZIP CODE

College of St. Thomas

St. Paul, Minnesota

55101

Colleges Offering an Associate Degree in
Opt. in Eng.
SCHOOL

LOCATION

ZIP CODE

Oregon Technical Institute

Klamath Falls, Oregon

97601
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Table 4.10
Institutions Reporting Degree.Programs

1966-67
Computer Science
SCHOOL.

LOCATION

ZIP

University of Arkansas
'Stanford University
'University of California
'University of California
'U.S. Air Force Academy
*Florida Inst. of Technology
'Georgia State University
Bradley University
Northwestern University
'University of Illinois
*Purdue University
'Iowa State University
'University of Iowa
'Kansas State University
'University of Kentucky
Louisiana Poly. Institute
'University of Maryland
'University of Massachusetts
Michigan State University
'University of Minnesota
'University of So. Mississippi
*University of Missouri, Rolla
'Washington University
'Princeton University
'Rutgers State University
Stevens Inst. of Technology
New Mexico Highlands Univ.
*N.M. Inst. of Mining Tech.
*New Mexico State University
'Cornell University
'Rensselaer Polytechnic. Inst.
'State Univ. of New York
'State Univ. of New York
'State Univ. of New York
Union College
North Dakota State University
'University of Dayton
Youngstown State University
'Oregon State University
'Carnegie-Mellon University
'Pennsylvania State University
'University of Pittsburgh
Brown University
University of South Carolina
Winthrop College
Middle Tennessee State Univ.
Texas A. & M. University
University of Houston
University of Texas
University of Utah
Utah State University
University of Virginia
University of Washington
University of Wisconsin

Fayetteville) Arkansas
Palo Alto, California
Berkeley, California
Santa Cruz, California
Colorado Springs, Colorado
Melbourne, Florida
Atlanta, Georgia
Peoria, Illinois
Evanston, Illinois
Urbana, Illinois
Lafayette, Indiana
Ames, Iowa
Iowa City, Iowa
Manhattan, Kansas
Lexington, Kentucky
Ruston, Louisiana
College Park, Maryland
Ainherts, Massachusetts
East Lansing, Michigan
Minneapolis, Minnesota
Hattiesburg, Mississippi
Rolla, Missouri
St. Louis, Missouri
Princeton, New Jersey
New Brunswick, New Jersey
Hoboken, New Jersey
Las Vegas, New Mexico
Socorro, New Mexico
University Park, N.M.
Ithaca, New York
Troy, New York
Albany, New York
Brooklyn, New York
Potsdam, New York
Schenectady, New York
Fargo, North Dakota
Dayton, Ohio
Youngstown, Ohio
Corvallis, Oregon
Pittsburgh, Pennsylvania
University Park, Pa.
Pittsburgh, Pennsylvania
Providence, Rhode Island
Columbia, South Carolina
Rock Hill, South Carolina
Murfreesboro, Tennessee
College Station, Texas
Houston, Texas
Austin, Texas
Salt Lake City, Utah
Logan, Utah
Charlottesville, Virginia
Seattle, Washington
Madison, Wisconsin

92701
94305
94720
95060
80840
32901
30303
61606
60621
61801
47907
500JO
52240
66502
40506
71270
20742
48823
55455
39401
65401
63130
08541
08903
07030
87701
87801
88001
14850
12181
12203
11203
13676
12308
58102
45409
44503
97331
15213
16802
15213
02912
29208
29730
37130
77843
77004
78712
84112
84321
22903
98105
53706

DEGREES
OFFERED

B
B
B
B

B
B
B
B
B
B

M
M
M

M
M
M
M
M
M
M
M

D
D

D
D
D
D
D

M

D

M

D

M
M
M
M
M
M

D
D
D

M
B
B
B

B
B

M
M
M
M
B
B
B
B
B
B
B
B

B
B
B
B
B
B

B

D
D

M

M
M
M
M
M

D
D
D
D

M
M
M
M

D
D

M
M
M

D
D
D
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Data Processing
California State Poly. College
Kansas State College
Kansas State Teacher's College
Louisiana Polytechnic. Inst.
Ferris State College
Mississippi State University
Eastern New Mexico University
Pace College
Rensselaer Polytechnic Inst.
Northern Oklahoma College
University of Chattanooga
West Texas State University

Pomona, California
Pittsburgh, Kansas
Emporia, Kansas
Ruston, Louisiana
Big Rapids, Michigan
State College, Mississippi
Portales, New Mexico
New York, New York
E. Windsor Hill, New York
Tonkawa, Oklahoma
Chattanooga, Tennessee
Canyon, Texas

91766
66764
66801
71270
49307
39762
88130
10038
06028
74653
37403
79015

Atlanta, Georgia
Chicago, Illinois
Chicago, Illinois
Syracuse, New York
Chapel Hill, North Carolina
Columbus, Ohio
Dayton, Ohio
Bethiehem, Pennsylvania
Pittsburgh, Pennsylvania
Philadelphia, Pennsylvania
Pullman, Washington

30332
60616
60637
13210
27514
43210
45409
18015
15222
19104
99163

Los Angeles, California
Atlanta, Georgia
College Park, Maryland
Boston, Massachusetts
Bethlehem, Pennsylvania

90032
30303
20740
02115
18015

Carbondale, Illinois

62901

New York, New York

10023

Los Angeles, California
Ann Arbor, Michigan
New York, New York

90007
48104
10038

Washington, D.C.

20006

Huntsville, Alabama
Pasadena, California
Ann Arbor, Michigan
Newark, New Jersey
Binghamton, New York
Klamath Falls, Oregon

35807
91109
48104
07102
13901
97601

B
B
B
B
B
B
B
B

M
M
M

D

M
B
B
B

Information Science*
Georgia Inst. of Technology
Illinois Inst. of Technology
University of Chicago
Syracuse University
University of North Carolina
Ohio State University
University of Dayton
Lehigh University
Point Park College
University of Pennsylvania
Washington State University

B

M
M
M
M
M
M
M

D
D
D
D
D
D

B
M
M

D
D

M

D

Information Systems
California State College
Georgia State University
University of Maryland
Northeastern University
Lehigh University

B
B
B
B

Information Processing
Southern Illinois University

M

Computer Technology
New York Inst, of Technology

B

Management Science
University of Southern Calif.
University of Michigan
Pace College

M
M
M

D

Option in Business Administration
George Washington University

B

M

Option in Engineering
University of Alabama
Calif. Inst. of Technology
University of Michigan
Newark College of Engineering
Suny at Binghamton
Oregon Tech. Inst.
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M
M
M
M
AB

D
D

Option in Electrical Engineering
Auburn University
Tuskegee Institute
Arizona State University
University of So. Calif.
University of Connecticut
George Washington University
University of Miami
Louisiana Poly. Institute
University of Detroit
University of Michigan
Lehigh University
South Dakota State Univ,
Vanderbilt University

Auburn, Alabama
Tuskegee Institute, Ala.
Tempe, Arizona
Los Angeles, California
Storrs, Connecticut
Washington, D.C.
Coral Gables, Florida
Ruston, Louisiana
Detroit, Michigan
Ann Arbor, Michigan
Bethlehem, Pennsylvania
Brookings, South Dakota
Nashville, Tennessee

36830
36088
85281
90007
06268
20006
33124
71270
48221
48104
18015
57006
37203

B
B
B
B
B
B
B

Auburn, Alabama
Tempe, Arizona
Coral Gables, Florida

36830
85281
33124

B
B
B

M
M
M

Auburn, Alabama
Coral Gables, Florida
Cambridge, Massachusetts
Eugene, Oregon
Providence, Rhode Island
Vermillion, South Dakota
Commerce, Texas
Fort Worth, Texas

36830
33124
02138
97403
02912
57069
75428
76129

B
B
B
B

M
M
M

St. Paul, Minnesota

55101

B

Silver City, New Mexico
Oxford, Ohio

88061
45056

B
B

Tucson, Arizona

85721

B

B
B

M
M
M
M
M
M
M

M
M

D
D
D
D
D

D

Option in Industrial Engineering
Auburn University
Arizona State University
University of Miami
Option in Mathematics
Auburn University
University of Miami
Harvard University
Oregon University
Brown University
University of South Dakota
East Texas State University
Texas Christian University

D
D
D

B
B
B

M

Quantitative Methods
College of St. Thomas
Systems Analysis
W. New Mexico University
Miami University
Systems Engineering
University of Arizona

M

D
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Figure 5.1
Estimated Expenditures for Computing Activities
in u.a, Institutions of Higher Education

1966-67
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QUICK

AND

COMPUTER

DIRTY
FOR

INTRODUCTION

MASSES

OF

TO

THE

NON-SCIENCE

STUDENTS
Robert Hart
I. INTRODUCTION

Many have come to realize that (the computer has) the
potential of profoundly affecting Ollrsocio-economic SEruCture, our institutions, and our standard of living. Even the
well-educated man, however, thinks of the computer as a
magical box, and of its use as incomprehensible. There is
almost no widespread understanding of the prospects or
problems in the use ofcomputer systems.
It will be important to the social well-being of our
country that the educated citizen understand computer
science at least as well as he now understands medicine or
mechanics.
So says the Committee on Uses of Computers of the
NAS-NRC', and I think few readers will disagree. The
President's Science Advisory Committee puts it
Clearly some acquaintance with digital computers will
be as essential to the next generation as is now familiarity
with the automobile and radio... For college and university
students the time required to get such familiarity may be
about that to learn to drive a car. Unfortunately, parents
can't teach about computers so the colleges and universities
must. 2
The problem faced by colleges and universities is thus
how to give liberal-arts studen ts a literacy in compu ta tion.
Not the knowledge of a professional programmer, but an
acquaintance with computers and their potentialities. The
sort of knowledge, in brief, which it would have been
desirable for an educated person at the time of the
Industrial Revolution to have had of machines and their
potentialities - and this has to be done quickly: The
Computer Revolution is happening much faster than the
Industrial Revolution.
How is this to be done? From the "Pierce Report"?
one sees that only a few front-rank schools have accornplished it, and the much-desired extension to the common
run of schools has been nearly nil. Among the problems are
cost, availability of suitable systems, and personnel; and the
optimism of the Pierce Report for extensive and immediate
Federal support to help overcome these, has considerably
withered in the present budget climate.
I am going to describe my quick and dirty approach: A
"package" of computer instruction which is cheap, works
for large numbers of students, works within the existing
framework of courses with minimal and conventional
(batch processing) computer equipment, minimum faculty
retraining, and minimal administrative blither. This has
been used for the past two years to introduce all New
College students to computation, and is being extended to
the main campus of Hofstra University. (New College is an
experimental, humanistically-oriented, semi-autonomous
college within Hofstra University.)

The key is brevity: three hours of lecture, about two
hours at the computer. In addition to the obvious effect
this has on cheapness and the ability to easily handle large
numbers of students, it allows the package to be inserted in
existing courses by a visiting lecturer, from which flow the
other advantages. A short package can thus gain a foothold
for all-student computer introductions which might be
denied more extensive and sophisticated approaches; and
the success of the package promotes institutional acceptance of these better approaches. Finally, brevity produces
considerable student enthusiasm when they find themselves
able to program and run the computer after scant instruction; this enthusiasm is one of the best selling-points of the
package.
2. THE PACKAGE
I will now describe the history and make-up of the
package. Some prehistory first. While writing my thesis I
became involved in teaching a short, informal, noncredit
FORTRAN course to physics majors. In doing this, several
principles became quickly apparent: (a) The right way to
teach programming was to get students onto the machine as
quickly as possible, writing and running complete programs.
(b) The bare minimum of FORTRAN ("instant FORTRAN") to do this could be taught in an hour Or two of
lecture. (c) Once students had this bare minimum, FORTRAN was peculiarly amenable to self study.
In recent years, programming texts with this viewpoint
have appeared, but it was rarer then; and even now fossil
texts sometimes appear, blundering like some woolly
mammoth new-chipped from the ice into the modern
world, carrying forty pages of subscripts, naming conventions, hierarchis, DO rules, DIMENSION's FORMAT, and
implied DO's, all detailed and unmotivated, before the
student can write his first program.
The history of the package is mostly its insertion into
courses taken by more students of less aptitude: a dozen
New College science majors in the 1965- I966 academic
year; in 1966-1967 all New College's 85 freshmen, mostly
liberal-arts students, as part of my required Physical
Sciences course; in 1967-1968 an additional 130 liberal-arts
students in the Hofstra main campus Natural Science course
(comparable to my Physical Sciences); the same this year
while I write an "instant FORTRAN" text booklet, and
while a more extensive evaluation of the program's results is
carried out; and, NSF willing, in J 969- I970, an additional
600 liberal-arts students in the Hofstra main campus Modern Biology and Elementary Geology courses.
The Natural Science, Modern Biology, and Elementary
Geology courses are those taken by the bulk of Hofstra's
liberal-arts students to satisfy their science requirement.
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Thus, almost all such students would get an introduction to
computation and - note well - with virtually no administrative action. For the package's insertion into alreadyexisting courses, only the assent of individual instructors or
course chairmen is needed. Thus the people to be convinced
are not administrators or curriculum committees, but
science faculty, who are the people on campus most likely
to see the need of all-student introductions to the computer. In fact, given the low prestige of teaching science to
liberal-arts students, these are usually the younger science
faculty, even more likely to appreciate the computer's
importance, and flexible. This and the obvious success of
the package have sold it for me quite easily
2.1 The Package: Lecture
As to the make-up of the package, it consists of lecture
and student time at the computer. Of the three hours of
lecture, approximately the first hour is devoted to the place
of the computer in the modern world. The first half of the
second hour covers the relationship between machine language and higher level languages such as FORTRAN, and
the remaining hour and a half covers "instant FORTRAN."
The first hour of lecture tries to convince the students
that computers are a Good Thing, or at least relevant to
their lives. I think that this is the most important thing for
liberal-arts students to get out of the package. They
actually spend much more time, both in lecture and at the
computer, on programming. However, this is because I feel
that actually doing something with the .cornputer is the
most effective way of driving home its relevance, rather
than any importance I attach to their learning programming
perse. Few of them will become programmers; all will need 'Ito know how computers fit into the world they live in.
Actually using the compu ter is also the best way of giving
them the feeling that the computer is usable and manageable, rather than a magical box; and it elicits their
interest.
I handle this first hour of lecture, on the place of
computers in the modern world, by making a few comments about what computers have done in several intriguing
fields, and then asking the class to name fields in which the
computer could not possibly be relevant - and then I tell
them how it is relevant in these fields. The classes are
interested, and enjoy trying to stump me, and usually lots
of way-out and interesting fields are presented. To
approach the subject in this way, however, requires the
kind of miscellaneous knowledge I have about where
computers fit into medicine, Egyptology, sex, theology,
and what-all. Someone with less of this type of knowledge
could, however, easily present the same topic using a
straight canned lecture. I would be glad to provide suitable
references for preparing such a lecture.
In the remaining two hours of lecture, covering technical matters, it is surprising how much one can present by
sticking to essentials, and not obscuring things by mere
complexity presented for its own sake. My presentation
relies heavily on the picture of the compu ter as a fast idiot,
and the program as a set of explicit instructions to the idiot
for doing what you want. In the half hour devoted to the
relationship between machine language and higher level
languages, it is easy to explain the power, detailed nature,
difficulty of programming, and machine-dependence of
machine language; versus the lesser power and detail, ease
of programming, and machine-independence of higher-level
languages. The compiler is presented as an outside-supplied
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set of instructions to the idiot, written in machine language
(which the idiot understands), for translating from a
higher-level language (which he doesn't understand) into
machine language (which he can then execute). It is
described as no more subtle than a program to translate
from Russian into English (already mentioned in the first
hour of lecture), and much more successful because of the
unambiguous nature of machine language and higher-level
languages.
The final hour and a half of lecture is devoted to
"instant FORTRAN": the bare minimum needed to get
numbers in, do something with them, and get the results
out. In fact, the program I develop merely adds two
numbers tqgether and goes back to the beginning to take in
the next pair. The simplicity of this program is the whole
point. It can be presented quickly and the essentials are
more clearly visible than in a complex program. Among the
ideas I hang on this program are:
(a) A variable name in FORTRAN as the name of a
storage location, and of equality as being replacement.
(b) The "do something with them" does not have to
be "X = A + B", but can be as complicated an algebraic
expression as the student may wish to construct, involving
as many input numbers as the student may want. Once
defined, "X" can be used later on the right-hand side of an
expression, thereby building up the complexity of the
computation further. The students are usually impressed
when I point out that after only a few minutes of
programming instruction they are already prepared (if there
are many sets of input numbers) to evaluate such expressions more quickly by computer than by hand.
(c) The ability of the computer to loop back and do
the same thing as before with the next set of data is one of
its major advantages. For any repetitive task the computer
yields a large return of computation for a small investment
of programming.
(d) The computer doesn't do anything that a thirdgrader couldn't, but it does it quickly and repetitively.
(e) This facility of the computer for simple, repetitive
tasks lies at the heart of many of the sociological implications of computation; payroll preparation, for example.
(f) Sociologically important programs can be fairly
simple. The guts of a payroll program, for example, is
"PAY = RATE'TIME", no more complicated than the "X
= A + B" developed in lecture.
(g) By taking numbers in, doing something with them,
and getting the result out, program developed in lecture
exhibits the basic features of most real programs: it provides a framework on which much more complicated
programs can be built.
(h) Pervading the presentation is the idea of a program as a set of instructions which the idiot first swallows,
then follows; essentially the idea of a stored program.
I have described the points made in my "instant
FORTRAN" lecture at some length; ihe reason being that
there is a body of opinion which feels that the broader
implications of computation cannot be discussed meaningfully until at least the interaction between COMMON and
EQUIVALENCE-has been covered. Tain't so.
The lectures were supplemented by a text booklet by
Pawlicki,' costing sac. This is the nearest thing to an
"instant FORTRAN" instruction manual I have seen: clear,
explicit, and only covering a subset of FORTRAN. Nevertheless, it is not ideal, since it treats a different dialect of
FORTRAN and a specific computer installation, and is not

"instant" enough. Accordingly, [ am writing a text booklet
for use this year.
Perhaps it is worth mentioning the number of students
in the lectures: all 85 of my Physical Sciences course in one
lecture section, the 130 of the Natural Science divided
among three; both simply accidents of the course structures. 1 feel that, conservatively, a 50% increase to 120·130
students per lecture would work exactly as now. Larger
lectures should also work, but might diminish the interplay
between students and instructor, and require additional
effort to preserve it.
2.2 The Package: Student Time at the Computer
In addition to lecture, the other part of the package is
student time at the computer, for keypunching and running
their programs. Our experience suggests that this is easily
adaptable to the structures of the different courses into
which the package is inserted: We have done it with two
different structures, and hope to do it with a third, and
even easier, one.
Easiest would seem to be if the course includes a
laboratory, as is the case with the Modern Biology and
Elementary Geology courses. Then one laboratory session
could simply be scheduled at the computer. However,
neither the Physical Sciences nor the Natural Science course
include lab. The Natural Science course, however, has small
recitation sections, and each of these sections met for one
hour at the computer. The Physical Sciences course has
only one large lecture and is not broken into small recitation sections, but all students taking it have the same
schedule of classes, and are free at common times. Thus,
computer time to accommodate all students was obtained
by scheduling the same time each week, during common
free time. for several weeks of my course.
At our computer center, time scheduled at the cornputer includes the use of the computer and about eight
keypunches. In 1966-1967 the computer was the minimal
IBM 1620: 20k without batch-processing capabilities. It is
surprising how little this lack hindered the package. In
1967-1968 and for the forseeable future it is an IBM 1130,
whit batch-processing.
With my 85 Physical Sciences students in 1966-1967
and 1967-1968,1 reserved three hours a week of computer
time for them, for five weeks of my course. These fifteen
hours were considerably more than necessary. Only about
the first four were fully utilized, with students dribbling in
10 finish their programs during the remainder. This excess
was allotted partly to give a new experiment the best
chance of success, partly' because our computer center had
the time available, but mostly because the computer center
is strictly open shop, with small chance for our students to
get at the computer for a few hours a week unless the time
is allotted for their sole use - even if that time is mostly
unused.
The actual amount of computer time used was about'
five hours, or 3.5 minutes per student. This corresponds to
about $3.50 for computer and keypunch rental and
supplies. If one doubles this to roughly estimate the cost of
lectures and personnel, and adds a bit to take into account
that everything always costs more than expected, one
arrives at a one-time cost of $10 per student. This contrasts
with the Pierce Report's' estimate of $60 annually per
student for providing adequate computing for all students.
(This figure would be roughly halved for only liberal-arts
students.) Needless to say, the package provides much less

than adequate computing, but it does show how cheaply a
start can be made on all-student utilization of the computer.
With the 130 Natural Science students in 1967-1968,
each of the five recitation sections met for one hour at the
computer. This corresponds to 2.3 minutes per student, a
figure that would be increased somewhat by our informal
arrangement enabling students to return to the computer to
rerun their programs, without its being reserved for their
sole use. Such returns could be handled very cheaply in a
closed-shop operation, which was not available to us. The
same is true of all except four of the -fifteen hours of
computer time used in my Physical Sciences course. However, it is desirable that the student's first contact with the
computer be hands-on. This reduces its mystery, and
generates student enthusiasm.
Thus the Natural Science recitation sections, each at the
computer one hour, averaged 26 students. This was more
than ideal. Twenty would keep you hopping, 12-15 would
be relaxed. Despite this, most students saw the computer
demonstrated, and punched and had run for them the
program they were supposed to have written beforehand;
and a fair number of students had a chance to run their
own programs on the computer. Essentially all were therefore prepared to return to the computer to rerun their
programs, if necessary in the company of a student who
had run the computer. A fair number actually did so, as
may be seen from the "honors project" figures below.
These good results with minimal equipment and personnel are mostly due to the enthusiasm of the students.
Once shown how to run the keypunch, off-line printer, or
computer, most are proud to show it to others. I have
actually had students argue for this privilege. Since our
bottleneck is more the keypunches than the computer, a
very simple and explicit write-up on keypunch operation is
another help. Using it, students can nearly learn to keypunch on their own, occasionally assisted by other students
who have previously learned, with residual misunderstandings cleared up by the occasional appearance of a
harried instructor.
With these helps, and occasional assists from computer
center personnel and from students taking the course who
had had previous computer experience, the Natural Science
computer sessions were run by me and one or two of the
regular Natural Science course instructors, themselves
novices. In my Physical Sciences course, the computer
sessions could be turned over to an undergraduate assistant
after about the fourth hour. With NSF support this year,
our instruction at the computer will be neater, if less
picturesque. Nevertheless, our experience suggests how
much can be done with few personnel.
3. RESULTS
The most concrete evidence of effectiveness was the
test I gave in my 1967-1968 Physical Sciences course. This
had four questions: (I) Writing 8 program to do a simple
calculation. (2) Correcting the errors in a given program. (3)
Saying- what output would result from a given program and
input data. (4) Given a program and the error messages
which resulted from trying to run it, correcting the errors in
the program.
The questions were simple and closely geared to the
assignment the students were supposed to have done (see
below), and the quiz was open book (which is the way
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real-life programming is). Nevertheless, the average grade of
85% was most gratifying.
However, the main object of the package is to give the
students a feeling for the usefulness, accessibility, and
humanistic and social implications of computers. This is
subtler to evaluate than programming ability. Nevertheless,
in cooperation with Hofstra's Center for the Study of
Higher Education, we are preparing a set of questions to
assess the students' feelings on these rnatters, before and
after having had the package, and also their feelings about
the package itself. This will be given to this year's
(1968-1969) Physical Sciences and Natural Science students.
Based on student interest and involvement -- greater
than for any other part of my course -- 1 would expect the
students' feelings that the computer is remote, daunting,
vaguely threatening and inhuman, and unlikely to be of
later relevance to them, all to decrease sharply. The Natural
Science course chairman's experience was: .... very success-

ful in capturing the interest of the students. This is quite
evident from the fact that the majority of the students
handed in the optional successfully run program. The
students in general appeared to find the entire experience
rewarding and provocative, and some asserted that they
were going to continue their studies in this field in relation
to their own specialization. The few students (about 7 of
130) who had previous experience in the field were quite
eager to hand in more complex programs, and to help
others.'

Also by way of assessment: I prodded my Physical
Sciences students by basing five per cent of the course
grade on their writing a simple program that ran successfully, and their hand-checking that it had indeed produced
the correct results. Virtually all the students attempted this,
and somewhat more than half completed it in 1966-1967,
and somewhat more than three-fourths in 1967-1968. The
Natural Science students were required to write a simple
computer program before arriving at the computer, but
following it to completion a la the Physical Sciences course
was optional, for extra credit; with the result quoted above.
By comparison, the one other (admittedly more timeconsuming) extra-credit project in the Natural Science
course was done by 16 of the 130 students.
4. A MODEST PROPOSAL
It seems to me that no school with a computer has
much excuse for not in troducing all its students to
computation at least this well. However, when I add that
this is the job of the school's computer center, agreement
may change to pleas of inadequate computer and staff time.
Doubtless true, but a package like this is about the cheapest
and easiest opening wedge for a better appreciation on
campus of the broad significance of computers; and it is
ultimately from this appreciation that adequate staff and
computing facilities will come. Further, this approach can
. start small - with the package's insertion into one course.
The requirements for offering such a package are:
(a) Lecturer.
The lecturer has to know the social and humanistic
implications of computation, and be able to present the
essence of these and of programming, rather than
getting ..bogged down in details. This may be harder to
come by than someone with the requisite knowledge of
FORTRAN, which is minimal. However, these qualities
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are perhaps oftenest found in the younger (and hence
cheaper) generation of programmers: sharp graduate
students or younger staff. Also, NSF willing, my three
hours of lecture will be filmed.
(b) Text.
The Pawlicki booklet" can be used. My text booklet is
in preparation. This and the film would make the entire
lecture part of the package available "canned."
(c) Keypunches.
Eight to ten seem necessary for the number of students
I have been handling at one computer session; for this a
simple, explicit keypunch instruction handout is useful.
Fewer would serve if the keypunch instruction were
spread out over longer than an hour.
(d) Computer.
Hands-on operation captures student interest, but I
think closed shop would also be feasible - and more
efficient of computer time. In that case, students
should at least tour the computer center in small
groups, slowly, with time for questions, and see
demonstrated all phases of running a program. For
schools without computers there is now also the
possibility of renting a relatively cheap remote
time-sharing console; as has been done, for example, at
King College", a liberal-arts school of 350 students, for
their required freshman mathematics course.
(e) Computer and Keypunch Operation Instructors.
Better than our mixed bag would be computer center
staff. However, these could mostly be student assistants.
(f) Evaluation.
Prodding the students and checking the effectiveness of
the package are probably both desirable. My test of
student programming ability is available, as later should
be our questionnaire to evaluate changes in student
attitude toward the computer.
(g) Student Handouts.
These should be explicit. The package is short, and the
whole class can get hung up for an appreciable part of it
if some practical detail is missing, like the compu ter
project number or the location of the computer center.
(h) Propaganda.
References I and 2 argue powerfully for introducing all
students to the computer, and should help convince
administrators and instructors. Also good is Caffrey and
Mosmann's Computers on Campus", appropriately
subtitled A Report to the (College) President on their
Use and Management.
My efforts in the above areas are all available, as is the
detailed description of the 1966-1967 experience contained
in the NSF proposal. 7 A teacher's guide is in the works.
Perhaps 1 should say again that one of the most
satisfying aspects of the package is the student response. In
my experience, it is the only topic from mathematics or the
physical sciences which elicits an almost uniformly
favorable reaction from liberal-arts students.
Finally, I am glad to acknowledge my debt to Dr.
Esther Sparberg, in whose Natural Science course the
package was inserted; to the staff of the Hofstra Computer
Center, and Dr. Nathan Goldfarb, its Director; and to Dr.
Harold Yuker, Director of Hofstra's Center for the Study of
Higher Education. Last but not least is the Undergraduate
Science Curriculum Improvement Program of the National
Science Foundation, for their support in 1968-1969 and
part of 1967-1968; and hopefully for their support
thereafter.
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PHYSICS LABORATORY SIMULATION FOR
ENGINEERING STUDENTS AT S.CARLOS, BRAZIL*

S. Mascarenhas Oliveira, Dioraci Pinatti, and Oscar M. Ferreira,

1. INTRODUCTION
The introduction of computers in educational technology may be of fundamental importance for underdeveloped countries, where there is shortage of professors
and instructors, and where mass education is essential for
rapid technological development. On the other hand, the
high cost of modem teaching equipment is also a problem
in countries like Brazil. We have designed, programmed and
used on a limited scale a complete computer-aided course in
physics for the undergraduate engineering student. Some of
the material is quite original and may be useful to other
laboratories. The following experiments were simulated:
The Wheatstone Bridge, d.c. and a.c. circuits, power
transfer theorem, resonance in mechanical and electrical
systems, planetary motion, impact problems, diffraction of
light by a variable slit, interference by a grating, heat
transfer in a cylindrical duct and other selected experiments
typical of courses where texts like Halliday and Resnick or
the Berkeley Course are followed. The computer used was
an IBM 1130 including a plotter. The student interacts
dynamically with the computer via cards and the
typewriter. Included in the programs are tests to verify
proper experimental details and the understanding of
concepts underlying the experiments. An accompanying
"clinic of concepts" test that can be applied at any time
and is related to the experiments has also been programmed
and used with good results by engineering studentsin Brazil.
A textbook that describes the complete series of experiments
is in preparation. Advantages and restrictions of the system
will be discussed.
2. LABORATORY SIMULATION
We describe below two typical experiments simulated
with the computer. These are part of a book (1) we have
prepared (in Portuguese) to be used in engineering schools
in Brazil. In this book the chapters are organized in the
following sequence:
a) A definition of the experiment to be simulated.
b) A print-out of a real experiment with a student.
c) A program listing of the particular experiment.
2. I The Wheatstone Bridge
The student calls for the particular experiment
(Wheatstone Bridge) and the computer prints the circuit.
RX is a resistor "given" to the student only approximately
as he would obtain by measuring with an ohmeter or
reading a colour code. The bridge will measure with a
preassigned error the precise value of the resistor. The
computer was programmed to simulate the bridge and to
offer digitalized readings of the galvanometer in the bridge.

The galvanometer may be used with several scales and, most
important of all, the student is given a choice of
galvanometers with varied characteristics like period or
internal resistance, Format instructions are also given and
the typewriter is used as input element. Output is given in
the typewriter, printer or plotter.
Important advantages, not obtainable in a normal
routine lab experiment are the following:
a) The experiment is not "rigged"_ The student has to
choose the equipment, in this case the galvanometer.
This important part of the experiment in the
non-simulated case is done by the instructor.
b) In the simulated experiment a large variety of high cost
instruments is available.
c) The "Resistance box" is digitalized in the typewriter
and the student varies the bridge resistance and reads
the unbalanced current. This causes an important
limitation: instead of trying to balance the galvanometer in a "non-rational" way, the student may be
limited to a fixed number of attempts. If a student does
not obtain balance with 10 attempts, for instance, he is
not using good judgement.
d) The galvanometer may have an error distribution
function coupled to its reading, so that error theory
may be applied to the simulated experiments (and
varied for each student, if desired).
e) Sometimes a student may overload the galvanometer'
and receive messages such as "you have just burned a $
300 galvanometer". Messages such as these introduce a
very good dynamical motivation factor in the experiments.

2.2 Optical interference experiment
We have programmed the simulation of the doubleslit
interference experiment. Variables may be: slit width (for
diffraction effects), slit separations, interference SCreen
distance from slit plane (fig. I), and the wavelength of light
used. The program provides the' student with an initial
diagram (fig. 1). In the following we neglect diffraction to
give a simpler example. We also exemplify only with
geometrical effects (fringe position) and do not mention
intensity distribution on the interference pattern. The
student now may vary A (slit separation) and see the effect
on the fringe separation. The plotter will give the
"observed' pattern (fig. 2)_ By varying the wavelength the
student will also "feel" its importance on the pattern.
3. RESULTS AND CONCLUSIONS
Even with a small computer it is possible to use CAl
either as a "motivation program" for engineering students
or as a real lab simulation. We have made and used in a
limited scale the following other experiments:
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d.c. circuits

be used and investigated in underdeveloped countries,
specially in Latin America, where computers are becoming
more and more available.
International institutions should provide assistance for
education in these countries to maintain contact with
important developments, especially through the organization of summer or winter schools.

a.c. circuits

power transfer theorem experiment
resonance in mechanical and electrical systems
planetary motion (the same as in Eork's book (2))
impact problems (bouncing ball with variable restitution coefficient)
diffraction of light by a variable slit (Fraunhoffer
diffraction)
interference gratings
heat transfer in a cylindrical duct.
The Brazilian Physical Society organized a meeting in
January 1970, in educational technology, and application
of these techniques may be possible at least in 4 universities
in Brazil. Our conclusion is that, even on a limited basis,
that might be more properly called educational research.
CAl and other techniques in educational technology should

*
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Joseph Raben

1.1 Much of the activity in humanities computing
parallels that in other areas. Humanists want bibliographic
control over their materials as much as scientists or
technicians. Although there may be slightly less emphasis
on immediacy, there is the identical concern with
pinpointing small quantities of relevant data in the tidal
wave of periodical and book publication that is swallowing
up our libraries. There is, in the humanities as in science
and technology, a great need for indexes and catalogues: no
large museum in the world knows the exact range, size, and
location of its holdings, nor can any archive confidently set
out to retrieve precious documents in its trust. While
science is spectacularly doubling the sheer quantity of
human knowledge in every decade, the humanities are
seeking desperately to preserve a vast treasure of wisdom
acummulated over thousands of years. Rather thana huge
inverted pyramid of recent data, humanities information is
relatively plentiful in earlier periods, and its availability for
retrospective search is a major basis for all current
investigation. While the humanist shares with the scientist
and the technologist the need to wrestle with a number of
languages, he goes far beyond the few universally accepted
international media of communication and even trains
himself in languages no longer living. In a very large and
general way, then, we may say that the humanist has the
same information problems as his non-humanist fellows; he
also has a few more to complicate his entry into the
modern fields of data processing. As automated information retrieval expands, therefore, to facilitate technological
and scientific development, humanists will inevitably
benefit to the extent that they can utilize or modify
procedures intended primarily for non-humanistic applications.
1.2 The aspects of humanities research which differentiate it from the majority of current developments require
special attention. There is, to start, the timelessness of its
resources. Unlike the researcher who can usually discard the
outmoded and superseded, the historian of ideas discerns as
much topicality in documents thousands of years old as in
the most recently .publishcd book. For him, the newest
discovery may be the.release of diplomatic correspondence
a century old, of a poet's manuscripts a thousand years old,
or even of an archeological treasure almost antedating
civilization. The bulk of material to be preserved and
organized is increased by the fact that in technology and
science only the reports of research are in natural language;
while the basic materials of these disciplines are ordinarily
in mathematical or other technical jargon which do not
require preservation, those in the humanities are themselves
documents in natural language which must be catalogued
for permanent storage and retrieval. To encode this data
accurately and to integrate it into existing systems may

pose problems far beyond the capacities of procedures
which are completely adequate to the needs of scientific
and technological studies.
1.3 The humanist is further hampered in his attempts
to rationalize his materials by the absence of a standard
terminology. The very nature of humanities research,
involving very often the subjective evaluation of creativity,
has operated against the universal agreement on defmitions.
The concept of international congresses to establish
uniform terminology has appeared antagonistic to the ends
and means of humanities research. Each age has coined a
jargon reflecting its biases and limitations; each succeeding
age has sought to replace these with another jargon more
appropriate to its own system of values. To select from
among all these terms a set that would seem capable of
satisfying all present and foreseeable needs, to establish
equivalences between these and the discarded remainder
and to provide for the insertion of future terms as the
necessity for them emerged is a task to which nobody of
archivists has yet to tum its energies.
1.4 The recent efforts to apply to humanities research
the advantages of computerization have brought to the
surface a problem growing out of the nature of their
fundamental materials. The great bulk of these are in
natural language, and to manipulate them frequently
overtaxes both the technical and storage capacities of the
present machines. Since the computer, from its inception,
has been conceived of as a mathematical instrument a fact
clearly projected by its various names in all languages both
the hardware and the subservient software have generally
been perfected to enhance this single function. The
information retrieval capacities have often been achieved in
spite of the limitations consequent on this mathematical
emphasis. But to bend the recalcitrant machine to the needs
of humanists has often required an ingenuity possessed by
few. The humanist has been unable to comprehend the
mathematical operation of the machine; the computer
specialist has been inadequately aware of the humanist's
needs. Between them lies a field left fallow too long for
want of competent hands to till it.
2.1 While occasional projects have employed statistical
and other mathematical routines in such peripheral
investigations as attribution of disputed works, the vast
preponderance of humanities applications of the computer
have no need for them. For the humanist, the computer's
chief virtue is its capacity to absorb at once huge quantities
of information and to organize it in new ways that permit
the recognition of qualities otherwise invisible. This
attraction of the machine is apparent in its presently most
Widespread application, the compilation of concordances
and verbal indexes. These reference tools have been basic to
linguistic and literary inv.estigation since their conception in
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the late middle ages. By the twentieth century, millions
upon .millions of man-hours had been devoted to the
manual production of these dictionaries of prescribed
vocabularies. The study of the Bible and its components,
other religious writings, individual poets, and similar verbal
corpora have benefitted immensely by the scholar's ability
to locate rapidly and in a single place all occurrences of
each significant item of the relevant vocabulary, usually
with a portion of the adjacent text to suggest meaning and
usage. After a fashion, it has been possible to note a writer's
predilections for particular words and to recognize thematic
associations, both within his own writings and with those of
his contemporaries and predecessors.' As if designed for
this purpose alone, the computer has become the sole
means today of producing concordances, even at the initial
cost of losing such essentials as punctuation and the
distinction between capital and lower-case letters. These
disadvantages are offset by such new advances as rapid and
simple alphabetization in reverse. By arranging words in the
order of their terminal rather than initial elements, the
scholar can bring together all occurrences of each root and
suffix, allowing all sorts of analyses intended to reveal both
the grammatical and stylistic qualities of the material under
investigation. And now that photocomposition has been
added to the electronic means of providing the humanist
with a basic research tool, such minor problems as accents
and other diacritics will in time be solved, and technology
will serve another need of the questing human spirit.
2.2 A major impediment to this type of work has been
the orientation of the major programming languages toward
technological, scientific, and commercial applications.
Clearly, the compilation of a concordance requires
operations essentially different from those required in
mathematics.
The literary scholar, from the time he must distort the
input conventions to suit his verbal material to the time he
must struggle with formatting his output, is hampered in his
attempt to exploit the qualities of the computer which
should diminish, not augment his drudgery. We must also
consider the problems of musicologists, who concern
themselves with a totally nonverbal encoding system. The
trial efforts in this discipline suggest substantial new
comprehension of the interrelationships between composers
through the use of computer-generated indexes to musical
themes. But when we examine the problems of developing
and standardizing encoding systems, in acquiring access to
adequate computer storage, in evolving programs and even
whole new languages, and finally in producing a musical
output, we can recognize why musical applications have
advanced less rapidly than those in literary and linguistic
fields. The utilization of computers in the study of the
visual arts has made virtually no progress, for as yet no one
has determined what aspects of a painting, sculpture, or
other artifact can be objectified, much less encoded for
machine processing. But until computers and their
programming languages are adapted to the needs of these
'soft' applications, large areas of human study will continue
to be denied the range, speed, and accuracy which the
computer has contributed to other human activities.
2.3 In the teeth of these difficulties, a determined and
growing band of humanists has devoted itself to establishing
the computer as an accepted and customary tool in their
research. By whatever criteria we measure, we find this
interest reflected by increased activity. Journals dedicated
to this single school of humanities research are acquiring an
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international readership.' These are augmented by a
number of newsletters reporting on either the humanities
activities of a single computer research center or the
international activities of a single discipline as they are
aided by computer techniques.! Regional and international
congresses regularly report on new approaches and
successes.' Major computer organizations have established
special interest groups or committees to foster humanities
applications! Several institutes for computer-aided research in literature have been established, in addition to
many less ambitious projects which are sponsored, formally
or informally, by larger tnstallations."
3.1 A prime focus of all these activities is the training
of a new generation of humanist scholars for whom the
computer will be as natural an adjunct as their typewriters.
That happy condition is being presently encouraged at
many of the centers established primarily for research,
where both graduate students and junior faculty work on
individual group projects while acquiring on-the-job training
in relevant procedures. In the United States (and perhaps
elsewhere although information is presently lacking),
formal instruction in the application of computers to
literary{linguistic problems has been established at many
universities. Most of these courses seem to be directed at
graduate students, 'but others operate on a more elementary
level. Of special note is the fact that some of these courses
are ,offered in the conventional departments of literature,
linguistics, art, history, or music, while others find their
home among courses offered in the newer departments of
information or computer science. Outside the university,
autonomous research institutes also frequently enhance the
computer sophistication of humanists by employing them
for particular projects. In France, the 'Centre pour un
tresor de la langue francaisc', maintained by the Ministry of
Education, has a staff of lexicographers producing a
national historical dictionary anti ancillary studies in
linguistic history. In Italy a parallel function is served by
the 'Centro Nazionale Universitario del Calcolo Elettronico',
which serves many other institutes, especially the Accademia della Crusca. In the United States, the Rand
Corporation in California and the IBM Corporation in New
York represent a pattern of subsidized linguistic research
among similar organizations. Analogous institutions operate
in Great Britain, Belgium, Germany, Sweden and elsewhere.
If the opportunities presented by all these establishments
are accepted by the dynamic and intellectually pioneering
students in our forthcoming classes, and if the current
offerings augur the presentation of additional instruction at
other locations, we may soon see a new breed of researcher
who will still feel at home with a card catalogue and a
printed book, but will know how to augment those tools
while seated at a computer console.
3.2 To serve this new scholar, new facilities must be
available. Data banks of machine-readable texts - in effect,
whole new libraries of the world's literature - will be
established, hopefully as a by-product of computerized
typesetting. Parallel stores of basic programs for the
analysis of literary and musical texts will be augmented by
others for the storage and study of visual arts. New
languages designed to facilitate such endeavours will grow
from cooperative interdisciplinary efforts, as general
approaches assume (at least .ternporarily) a supremacy over
content, and both musicologists and literary scholars seek
for objective criteria of style and for techniques of
extracting patterns and other basic clements for analysis

Textbooks devoted to these subjects must be available,
emphasizing the humanistic values and avoiding mathematical irrelevancies. Summer institutes must provide for
updating the scholar's learning and for exchange of ideas
and information. Humanities research at the end of the
twentieth century can survive with nothing less than every
modern device that can be brought into its service.
3.3 Of special importance within these disciplines is the
future instruction in the subject-matter itself. While the
techniques of computerization are relatively objective and
presumably can be taught with success through computerassisted instruction when it is perfected, those of
humanities education are much less susceptible of presentation within the framework currently being established,
Present emphases have been totally concentrated on
subjects with unambiguous content-mathematics and
languages. In these areas, the student's function is much
'more to memorize than to discover. He may ultimately be
led to recognize underlying logic or patterns, but the
prevailing philosophy seems to depend on a concept of
factual steps over which the student must be conducted.
Little or no room is allowed for alternate routes, for
multivalent situations, for the cultivation of the emotions
and of imaginative response. The practical means of
achieving such results through teaching machines are at
present clearly beyond both our technology and our
capacity to conceptualize it. The grave danger is that the
first will develop without the second, and that we will find
ourselves, as so.often we have in our technological history,
with fantastic new powers and few notions of how to
employ them for our true benefit. As much thought must
go into the human application of computers as is put into
their mechanical perfection. If only those subjects are
taught in our schools which lend themselves readily to
simplistic approaches, we shall all be the spiritual losers.
3.4 What we are confronting at bottom is the
possibility of a further widening in the gulf between the
humanities and the sciences. The suspicion of the humanists
against most technology is matched, in most instances, by
the indifference of the technologists to the values of
humanistic studies. As the humanist is content to benefit
from any practical applications of science with no concern
for the research into basic principles which make it
possible, so the scientist often turns to literature, art, or
music for their spiritual benefits with no interest in the
scholarship that discovers, preserves, and Interprets these
monuments of human creativity for his benefit. If

humanists are not encouraged. to participate with their
fellows in the evolution of the computer, all will be losers.
Not only will humanities scholarship fail to benefit from
the help of a powerful implement, but the scientific and
technological community will be denied the emphasis on
imagination, on man's importance in his environment, on
eternal moral questions, on identification with fellow-men
in emotional crisis. The study of the objective universe and
its behavior must always keep some link to human.
relevance: there may be an infinity of stars shooting their
light across space into an observatory telescope, but there is
a human eye at its other end observing and seeking to
understand. As both the object studied and the brain that
studies combine to form a universe, so technology and the
humanities must come closer together in their search for
more meaningful application of this new wonder produced
by human genius. In that search, each will educate the
other.
FOOTNOTES

1. For a brief summary of the current state of computerized
concordance-making and some prognostication for the future, see
Raben, Joseph, 1969 'The Death of the Handmade Concordance;
Scholarly Publishing, 1: 6l-69.
2. Since 1966, Computers and the Humanities has been
published by Queens College, Flushing, N.Y. 11367. One volume of
Computer Studies in the Humanities and Verbal Behavior for 1968
has been published by Mouton and Co., The Hague. Beginning in the

spring of 1970, St. Joseph's College, Philadelphia, Pa., 19131, has
announced a new journal entitled Hephaistcs.
3. For three years the newletter of the Institute for Computer
Research in the Humanities reported on a wide range of
forward-looking projects. Calculi, a newsletter on classics applications is published at Dartmouth College, Hanover, N.. H. A
newsletter of computer archaeology is published by Arizona State
University, Tempe, Ariz.
4. In the last year or so, meetings totally devoted to humanities
applications of computers have been held at Queens College, at the
University of California at Los Angeles, Cambridge University, and
the Technical College of Delft. In addition, sessions on humanities
applications have formed part of general conferences at the
Technical University of Berlin, at Denver, Colo. during the annual
convention of the Modern Language Association, and at Atlantic
City, N. J. during the Spring Joint Computer Conference.
5. There is a special interest group for the arts and humanities
and another for automatic language processing in the American
Society for Information Science. There is a special interest group for
language analysis and studies in the humanities in the Association
for Computer Machinery.
6. For current and retrospective surveys of the activities,
consult the 'Directory of Scholars Active' appearing in the
November and May issues of Computers and the Humanities.
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Vladimir Slamecka and Pranas Zunde

1. INTRODUCTION
In 1970, a total of 81 universities and colleges in North
America were listed as offering academic programs in the
computer and information sciences (ASSOCIATION FOR
COMPUTING MACHINERY (1970)). Accurately estimated, 36 of these programs are degree programs at the
undergraduate level, offered through one of the following
organizational modes: (I) a separate department in the
college of liberal arts and sciences; (2) a separate department in the college of engineering; (3) a separate department contained in both the college of liberal arts and
sciences, and the college of engineering; (4) a major in
another department (mathematics, electrical engineering,
business administration, industrial engineering, systems
engineering, library science); (5) combined with a computer
service center into a single unit reporting to an academic
autority.
The substance of these baccalaureate degree programs
in the information and computer sciences has been much
influenced by the recommendations of the Association for
Computing Machinery (ACM CURRICULUM COMMITTEE
ON COMPUTER SCIENCE (I 968)). These recommendations see the composition of a four-year buccalaureate degree program to consist approximately of 15%
mathematics, 25% computer sciences, and 60%· other
sciences including electives. The substance of computer
techniques, of three broad categories of subjects: inforrnation structures and processes; information processing
systems; and methodologies of computer applications to
particular areas. Specifically, the ACM recommended
program suggests the following courses for an undergraduate major in computer science:
Introduction to Computing
Computers and Programming
Introduction to Discrete Structures
Numerical Calculus
Data Structures
Programming Languages
Computer Organization 0
Systems Programming
In addition, at least two courses are to be selected from
the following: Computer Construction; Switching Theory;
Sequential Machines; and Numerical Analysis I and II.
In institutions of higher education, the establishment of
any new degree programs at the baccalaureate level raises
legitimate questions concerning the relation of these
programs to other undergraduate as well as to graduate
programs. These questions harbor two major arguments. On
the one hand, undergraduate education in North American
universities is undergoing a trend toward a greater unity,
not only among the more related disciplines (for example,
the natural and physical sciences; engineering (GOALS

(I 968)); the social sciences; medicine; and the arts and
humanities) but also at university-wide level (UNIVERSITY
SYSTEM OF GEORGIA (1970)). In contrast to this 'trend
which produces graduates from four-year colleges whose
education is more "alike" (even though flexible) in the
sense that it descourages early specialization, graduate
programs in a given discipline argue that their level (that is,
the degree of specialization) suffers unless these programs
build upon undergraduate majors in their descipline.
The two arguments arc especially significant with
respect to the discipline of the information and computer
sciences. While the need for advanced education in this
discipline is generally recognized, certain amount of basic
education at the undergraduate level is equally desirable not only as a goal in itself or as a prerequisite for further
specialization in the information sciences but also as an
essential clement of education in other, established
disciplines.
The two conflicting arguments would appear to be
resolved by a design of undergraduate programs so
structured that the holder of any baccalaureate degree is
qualified to pursue more than one graduate, specialized
program of education. To implement this design, each
discipline-oriented graduate program should define the
"core" of its discipline in such a way that this core (1) can
be offered as a meaningful (that is, a major, a minor, or an
area-elective) field of study at the undergraduate level,
while (2) it meets adequately the level of knowledge
required to pursue a specialty-oriented education at the
graduate level. Discipline-oriented core programs which are
defined too narrowly will be rejected by the trend of
undergraduate education; those which are defined too
broadly will be rejected by graduate programs.

2. THE APPROACH
TECHNOLOGY

AT GEORGIA INSTITUTE OF

Like other universities, the Georgia Institute of
Technology (a technological university offering undergraduate degrees in 20 fields and graduate degrees in 27
fields) considered the possibility of establishing an
undergraduate program in the information sciences. The
Institute offers since 1963 grad mite degree (Ph.D. and M.S_)
programs through its School of Information and Computer
Science, an autonomous department of the General College
(which groups administratively departments in the physical,
behavioral and social sciences). Recognizing the trend of
undergraduate education, the Institute has attempted to
define a multipurpose undergraduate "core" in the
substance of the information sciences; and rather than
building around this core a separate baccalaureate degree
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program, the Institute sees this core program as an elective
option of study within its existing, discipline-oriented
undergraduate degree programs. In this manner, the core
substance of the information sciences becomes a component of baccalaureate education at the Institute, and for
some of its departments, an integral part of their curricula.
In order that such an integration of the information
sciences with other disciplines is possible, the core program
must be the result of a comprehensive analysis of the
relations of their subject matters. This analysis has
identified several key concepts of the information sciences
which are present in or affect other disciplines: "informa-

tion", its "processes", and "systems". These concepts,
treated in more detail elsewhere (SLAMECKA (1968»
describe the information sciences more permissively than
being "a study of computers" (NEWELL (1967) or "a
study of the design, analysis, representation, and application of algorithms on computers" (PERLIS (1968». In this
more permissive delimitation, the information sciences are
concerned with the study of information, information
processes and information processing devices and systems.
Their ultimate motivation is the development and application of artificial intelligence.
The objectives of the non-degree undergraduate program in the information sciences at the Georgia Institute of
Technology are twofold:
2.1 To offer an academic program at the undergraduate
level which views the information sciences as a field of
theory and applications of significant utility in most, if not
all, disciplines of science and engineering. In this supportive
context, the undergraduate program is comprised by the
study' and applications of information processes and devices
to problem solving and decision making in science, industry
and society:
2.2 To offer an academic program capable of sufficiently
preparing undergraduate students in any discipline for
graduate level work in the information sciences. In this
context, the undergraduate program seeks to convey an
understanding of the basic concepts across the broad
domain of the information sciences.
3. THE UNDERGRADUATE CURRICULUM
The undergraduate "curriculum" in the information
sciences is structured as a cluster of eight courses, to be
taken over the four-year period of undergraduate study; it
comprises about 15% of the credit hours required for a
baccalaureate degree at the Georgia Institute of Technology. Assuming an introductory college course on ..Computer Organization and Programming" as a prerequisite of
admission (all students of the Institute take such a course in
their first or early second year), the undergraduate elective
program consists of the following courses:
Elementary Structures
Computer and Programming Systems
Information Structures and Processes
Computer-Oriented Numerical Methods
Introduction to Semiotics
Introduction to Cybernetics
Computing Languages
Problem Solving
Descriptions of the content of these courses, as well as
of the prerequisite course, are appended at the end of this
paper.
The effect of this university-wide approach to under-
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graduate education in the information sciences may be
assessed from four different viewpoints, as follows:
3.1 From the viewpoint of the university, the program
offers a method of interdisciplinary cooperation and development without further fragmenting the disciplinary and
administrative structure of the university.
the
viewpoint
of any
baccalaureate
3.2 From
degree-granting discipline and department of the university,
the program broadens the content of the curriculum and
the rangeof capabilities of the faculty of each participating
department, and helps to attract students who are
principally concerned with applications of the information
and computer sciences; thus it accomplishes the training in
applications of the information sciences outside the
computer science departments, as advocated by ZADEH
(1969).
3.3 From the viewpoint of the information sciences, the
program stimulates contributions from other fields of
science and engineering without depriving them of their
faculty and students. While carrying the substance of the
information sciences into other disciplines, most of the
graduating students of these disciplines will qualify for
admission to graduate degree programs in the information
sciences, bringing to them not only a common foundation
in the information sciences but also an unprecedented
breadth of backgrounds.
3.4 From the viewpoint of the undergraduate student
interested in the information sciences either as a
component of study in his discipline or as a potential field
of his principal direction, the non-degree, elective undergraduate program in the information sciences affords him
anyone of the following alternatives: (a) an employment
career in his field of discipline (e.g., physics, chemical
engineering, business administration, etc.); (b) an applications-oriented employment career in the information
industry, jointly exploiting his major field of education; (c)
graduate work in his major discipline (with expectations for
cross disciplinary contributions); and (d) graduate work in
the information sciences. In their qualifications and
competence, the graduates from this program (although
holding degrees in various fields) come close to industry's
expectations (WEISS (1968» for Master of Science
graduates in computer science in areas such as process
control, operations research, computational mathematics,
business systems engineering, and other areas. Whatever
career or direction the students choose, they bring to it a
level of knowledge in the information sciences at present
obtainable only in formal degree programs in the
information sciences.
4. CONCLUSIONS
The feasibility and acceptanee* of the described
approach to beginning education in the information
sciences offer a strong evidence of the pervasive relationship
of the information sciences to other areas of science,
engineering and professional enterprise, and they demonstrate that the basic concepts of the information sciences
can be accommodated with ease by diverse disciplines and
their goals. This evidence suggests that the information
sciences, rather than being a narrow specialty of mathematics, electrical engineering or behavioral science, are
comparable in scope to other groups of sciences which, like
the mathematical sciences, serve a multidisciplinary role.
Such a conclusion further indicates that the information

sciences may be a part of the foundation of science and
engineering, serving to associate their disciplines and
professions. The conclusion is of considerable political
significance, in that it should prompt the university and
other concerned communities to accord the information
sciences an appropriate position in the realm of the
academic and scientific worlds.
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APPENDIX
DIGITAL COMPUTER ORGANIZATION AND PROGRAMMING
Prerequisites: Entrance Algebra and Trigonometry
General Description: Algorithmic processes of problem-solving:
concept and properties of algorithms. Organization and characteristics of digital computers; concept and properties of machine
and problem-oriented languages. Development of computational
algorithms for elementary numerical and non-numerical problems.
Pseudo-machine and problem-oriented language (ALGOL) programming for computing equipment currently available at Georgia
Tech.
COURSE OUTLfNE
Problem-Solving Procedures
Problem definition. Mathematical model. Numerical methods.
Computational algorithm. Computer programming. Program
testing. Production.
II. Characteristics of Electronic Digital Computers
Memory unit. Input unit. Output unit. Arithmetic unit. Control
unit. Console unit.
III. Programming
Developing the algorithm. Translating the algorithm into a
pseudo machine language. Techniques. Applications and examples.
IV. Problem-Oriented Languages
General. Detailed description of the ALGOL language.
V. Applications and Examples
Repetitive function evaluations. Table searches and interpolation. Sorting procedures Information processing.
VI. Other Problem-Oriented Languages
FORTRAN, NPL, COBOL, and their comparison to ALGOL.
Total Lecture Hours: 20
Total Laboratory I·lours: 20
COMPUTER AND PROGRAMMING SYSTEMS
Prerequisite: Digital Computer Organization and Programming

General Description: This course is designed to provide a broad
understanding of analog and digital computer systems, with
emphasis on the latter. The internal characteristics of computers and
peripheral devices are reviewed and placed in. perspective with the
problem of programming. Software devices are examined and
related to both machines and problems. The complex relationships
between hardware, software and machine operations are reviewed in
terms of cost and organizational goals.
COURSE OUTLINE

I.

II.

III.

IV.
V.

Analog and Digital Computer Systems
Analog systems: representation of variables; simple circuits;
basic programming principles. Digital systems: stored program
concepts; command and address systems for single and multiple
address machines; fetch/execute cycles for word and character
machines; command types.
Representation of Quantities
Numbers: integer; decimal/floating point; single and multiple
precision. Alphanumaric and special characters: Hollerith and
EBCDIC codes; internal codes and collating sequences.
Characteristics of Memory Devices
External memories (non-addressable): punched cards, etc.;
magnetic tape. Internal memories (addressable): core; disk;
drums. Analog memories.
Programming Concepts
Assemblers. Interpreters. Compilers. Higher level languages;
procedural; problem-oriented; interactive.
Computer Operations
Open-shop concepts; closed-shop concepts. Simple operating
systems. Multiprogramming/multiprocessing. Complex operating
systems. Computer economics.
Total Lecture Hours: 30

ELEMENTARY STRUCTURES
Prerequisite: Entrance Algebra and Trigonometry
General Description: This course provides a survey of elementary
mathematical concepts applicable to the study of information and
information processors. The course covers some of the elementary
concepts of the algebras of sets, propositional logic, relations,
algebra and graphs with an orientation which develops and acceleratcs the student's understanding of computers and information
processes.
COURSE OUTLINE
The Algebra of Sets
Membership, identity, set inclusion, union intersection, and
complementation.
II. Relations
Symmetric, reflexive, transitive, connected, par tical orders,
simple order, similarity. and equivalence.
III. Propositional Logic
Set theoretic equivalence of connectives, truth tables, rules of
inference, thcorcmhood, and tautologies.
IV. Algebraic Fundamentals
Operators, closure, commutativity. associativity, identity elements, inverses, Boolcanalgebras; theoretic, propositional, and
network models.
V. Graphs
Trees. networks and ordering relations.
Total Lecture Hours: 30
INFORMATION STRUCTURES AND PROCESSES
Prerequisite: Computer and Programming Systems
General Description: An introduction to the representation and
organization of data and information, intended to provide a
fundamental understanding of the symbol manipulating structure
transformation processes for scientific, linguistic and business
applications of computers.
COURSE OUTLINE
Introduction
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Data and information. Representations of data and information.
II. Machine Representation of Information
Character sets and symbols. Internal and external (representation vs. display).
Ill. Data and Information Structures
Objects, properties, relations, values. Self-organizing structures.
Logical data structures. Data structures in physical media.
IV. Data Base Systems
Categories of data base systems. Theoretical and practical
considerations in data base systems design. Toward a theory of
data file structure and data base systems.
V. Operations on Data and Information Structures
Sorting. Searching. Scanning. Application examples: data
reduction; classification and clustering; pattern recognition;
question answering.
Total Lecture Hours: 30
COMPUTING LANGUAGES

Prerequisite: Computer and Programming Systems
General Description: This course develops a formal definition of
programming languages and a system for their classification.
Algorithmic language structures are examined to develop an
understanding of statement types, the scope of declarations and
their relationship to resource allocation, and the relationships of
hardware and software. The structure of non-algorithmic languages
arc also examined with emphasis on simulation and list processing.
Interactive languages are considered relative to on-line information
processes.
COURSE OUTLINE

Formal Definition of Programming Languages
Syntax: heuristic; Backus-Naur notation; tree. Semantics.
II. Classification of Programming Languages
Algorithmic; simulation; interactive; generative; procedural;
special-purpose: information storage and retrieval; list processing; string manipulative; file manipulative; compiler-compiler;
data description; process-control.
III. Structure of Algorithmic Languages
Dcclarational statements: subprograms; blocking structure;
scope of declaration; allocation of resources re blocks; data
structures; file structures. Executional statements: arithmetic;
Boolean; iterative; conditional; input/output; unconditional.
IV. Structures in Other Classes of Languages
Simulation; list processing; string processing data description;
generators; process control.
V. Language Structure for Man-Machine Interaction
Information storage and retrieval. On-line data manipulation.
l.

Total Lecture Hours: 30

C. Numerical Integration: trapezoidal and Simpson's Rule; higher
order polynomials.
D. Differential Equations: Runge-Kutta; higher order differential
equations.
E. Simultaneous Linear Equations: elementary matrix operations;
elimination and iteration methods; matrix inversion.
F. Curve Fitting.
Total Lecture Hours: 20
Total Laboratory Hours: 20
INTRODUCTION TO CYBERNETICS

Prerequisite: Elementary Structures
General Description: The objective of this course is to introduce the
history and branches of cybernetics. The fundamental cybernetic
concepts of structure, system, modelling, information communication and control are treated with respect to both natural and
artifical systems. Self-organizing and cognitive systems are surveyed,
and the impact of cybernetics discussed.
COURSE OUTLINE

I.

History and Branches of Cybernetics
Definitions. Historical survey. Major branches. Examples of
cybernetic systems.
II. Models
Philosophy of modeIIing. "Black box". Simplification. Analog
systems. Abstract models .
. IlL Dynamical Systems
Modelling dynamical systems. Phase space. Stability. Cycles.
IV. Signals
Coding. Information. Signal transmission. Memory.
V. Control
Feed-forward and feedback control. Elements of automatic
control. Dynamics of control. Programmed control. Optimal
control systems.
VI. Automata
Logical automata. Turing machine. Probabilistic automata
Digital computers. Analog Computers. Computer systems.
Adaptive systems.
Vll.Largc Systems
Control of complex systems. Criteria of efficiency. Structure of
complex systems. Hierarchies. Statistical modelling (MonteCarlo). Queuing. Operations research networks.
VIH.Mnll and Society as Control and Information Systems Neurons.
Nervous system. ·Perceptrons. Thinking living organism. Control
in living organisms. Self-organizing systems. Bionomics.
lX. Man and Machine
Man-machine interaction. Division of labor between man and
machine. Bioelectrical regulation. Man and complex systems.
Social impact of automation.

COMPUTER·ORIENTED NUMERICAL METHODS

Prerequisite: Digital Computer Organization and Programming;
Calculus and Linear Algebra
General Description: An introduction to computer-oriented numerical methods for basic problems in algebra and analysis. The
numerical methods are drawn from the topics of error analysis,
evaluation of functions, integration, solution of equations, systems
of linear equations, matrices, curve-fitting, interpolation, numerical
differentiation, and solution of ordinary differential equations.
Stress is placed on methods ofproven value in computer solution of
present-day problems in engineering and science. Efficient use of
existing computer facilities is emphasized. Laboratory.
COURSE OUTLINE

I.
II.
III.
A.
B.

Communication with Digital Computers
A review of available problem-oriented computer languages
(ALGOL, FORTRAN, Basic, etc.)
Computer Arithmetic and Errors
Binary system; floating point numbers; significance; rounding
and truncation; absolute and relative error; error propogation,
Computer-Oriented Numerical Methods
Solution of Equations: half interval search; false position;
Newton-Raphson; Barstow's method.
Interpolation: interpolating parabolas; Gregory-Newton interpolation; finite differences; Lagrangian interpolation.
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Tota-l Lecture Hours: 30
INTRODUCTION TO SEMIOTICS

Prerequisite: Elementary Structures
General Description: A survey of some of the basic semiotic
concepts that have important application to the understanding of
artificial and natural information processors. The course brings
together a number of concepts that are fundamental to logic,
epistemology, grammar, theories of automata and machines, and
theories of information. The concepts surveyed, their illustration,
and the discussion of their interrelation are designed to give the
beginning students a fundamental orientation in the field of
computer and information science.
COURSE OUTLINE

I.

Signs and Sign Processes
Subject area of semiotics. The nature of sign and sign processes.
Explication of contents of sign processes in ter~s of
information and d3Ja. Abstraction and concept formation.
Classification of signs.
II. Sign Systems
Artificial and natural languages. Syntactic, semantic and
pragmatic aspects of semiosis. Languages of science (symbolic
languages). Programming languages. Signals and messages.

III. Semantics of Scientific Inquiry
Verifiability and meaning. Truth and falsity. Confirmation.
Inductive methods in science. Possible realizations and models.
IV. Pragmatics of Scientific Inquiry
Utility and value theories. Performance of descriptive languages.
Acceptability. Effective procedures and commands.
Total Lecture Hours: 30
PROBLEM SOLVING

Prerequisite: Elementary Structures
General Description: The purpose of this course is to present a
descriptive and a formal approach to problem solving in science. The
course is structured around the vse of the scientific method in
problem solving, and around the understanding of formal theories as
well as heuristic approaches to problem solving.
COURSE OUTLINE

A SUIVey of Some Fundamental Problems
The problem of induction. Deductive testing of theories. The
problem of demarcation. Experience as a method. Falsifiability
as a criterion of demarcation. The problem of the empirical
basis. Scientific objectivity and subjective conviction.
II. The Scientific Method
Short history of scientific method. Methodologies: empirical,
dialectic, deductive, mathematical, cosmological, experimental.
inductive, classificatory, projective. morphological, psychological. Scientific creativity and the process of inventions.

I.

III. Empirical Evidence
Observation and measurement. Statistics and sampling. Probabilities. The use of hypotheses. Experimentation. Degrees of
testability. Levels of universality and degrees of precision.
Dimension theory. Simplicity. Operationism.
IV. Formal Theories in Problem Solving
Science as a formal system. Languages and metalanguages.
Syllogistic reasoning. Implication. Postalational methods.
Abstract (mathematical) models. Theory of algorithms. Problems of solvability. The problem of consistency.
V. Cybernetics of Scientific Research
Use of machines in scientific research. Programming. Delegation
of problem solving functions to computers. Programming for
artificial intelligence. Heuristic approach to problem solving.
Perspectives of mechanization.
Total Lecture Hours: 30
FOOTNOTES

*In the Summer of 1970, one year after the Georgia Institute of
Technology developed the described concept of undergraduate
education in the information sciences, the School of Information
and Computer Science and the Atlanta Public Schools (a secondary
school system) began a two-year joint educational project which will
formally integrate the core of the information sciences into the
secondary school curriculum. As a result, a number of secondary
school graduates shall in the near future and at the age of 18 be
nearly as advanced in the information sciences as graduates of
Master of Science programs in these sciences several years ago.
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COURSES

MANAGEMENT

John Adderley

1. INTRODUCTION
The current growth rate of computer installations in the
U.K. is between 30 and 40 per cent, per annum; the use of
bureau services is expanding even faster. The problems
posed by this growth rate are certainly not peculiar to the
U.K. but what is unique, so far, is the National Computing
Centre. This paper sets out what the Centre is trying to do
to solve one of the problems - management training.
1.1 The problem
The most daunting fact for the educator looking at the
needs of managers is the size and complexity of the
problem which 'ranges through industry and commerce,
government institutions and educational establishments
with barely perceptible grades of seniority from chargehand to chairman. To each manager, whatever his
seniority and responsibilities, "computer" can now be sad
to mean something - varying from a detailed working
experience to an unspecified fear. The educator is faced
with the problem of defining and developing for a spectrum
of work, rank and knowledge a series of "educational
modules" to provide training for all.

1.2 The National Computer Centre Ltd.
The National Computer Centre Ltd. (NCC) was
established in June 1966 by the British Ministry of
Technology as a non profit making organisation to be
funded partly by Government grant and partly by its own
earnings. The objects of NCC are to increase the effective
use of computers in the U.K. through co-ordinating existing
activities, acting as a catalyst in the development of new
techniques, disseminating information and "best practice
procedures", and by providing advice, information and
educational services. It is still quite a small organisation,
employing only 200 staff in all, but because of its unique
position is a significant influence on business, commerce
and industry.
Education work has always been of tremendous importance
in the admittedly short life of the Centre, and this paper
goes on to describe some of this work.
2. Phase I - THE DEVELOPMENT OF THE NCC 3 DAY
COURSE FOR DIRECTORS

2.1 Establishing priorities
The Centre's entry into the field of Management
Education was made somewhat later than that into
Professional Education, and its achievements to date are
not so outstanding. However, in just over a year,
considerable progress has been made in the development of
a national management education programme in two areas.

When the NCC considered the order of priority in
which it should, with limited resources, try to assist in
improving the existing management training situation it was
decided that the most pressing need was for a training
course for policy makers who are involved in the initial
decision to use computers. Numerous studies and reports
have consistently identified lack of management involvement as one of the major reasons for the failure of
computer projects to realise their initial promise. One of
the Centre's objectives is to ensure that computers installed
in the U.K. are used effectively, and is therefore, concerned
that any initial decision to use computers is taken at the
highest level and that those taking that decision understand
not only the financial but also the organisational
implications of the decision.

2.2 The NCC Three-Day Course for Directors
Bearing in mind the objectives of such a course we first
undertook a study of a number of the existing courses
which purported to satisfy this need.
We concluded that such courses devoted too much time to
the technical aspects of computers, and were in most cases
given by people knowledgeable in computing but with
insufficient experience to emphasise the difficulties involved from a managerial control viewpoin t.
With the aid of a finn of consultants we set out to
develop a course which would provide top management
with the appropriate information. The time-table of this
course is shown as Figure 1.
A pilot programme was launched in April 1968 and a
schedule of one course a month to be held in various
regional locations was proposed for the period up to June
19613. The courses were not well supported and a number
had to be cancelled. The main reason for this disappointing
response is probably the NCC's lack of marketing effort.
The courses were, by British standards, expensive since we
had incurred considerable development costs which we
hoped to recover. In general those who did attend were well
satisfied and felt that they understood better the problems
they would face when making the initial decision to use
computers. Several, in fact realised that their existing
clerical procedures were so disorganised that an early
decision was impossible since the computer would be likely
to aggravate rather than ameliorate the existing situation.
During the series we ran one experimental course on
which delegates began by considering a computer proposal
and said why they felt unable to make a decision. From this
information they were allowed to structure the course
time-table to meet their own needs. It was a technique
which we should certainly like to try again.
Besides the delegates, we had invited a number of
bodies - the Tavistock Institute, the Institute of Directors
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etc. - to send observers to the course and a number of
them had made useful comments on how we could further
improve the material. It was while we were considering how
we should proceed, that we were invited by the Engineering
Industry Training Board to undertake the development and
presentation of a series of Management Computer Appreciation Courses for their Industry.
3. Phase II - COOPERATION BETWEEN THE NCC AND
THE ENGINEERING INDUSTRY TRAINING BOARD

3.1 The originand form of the TrainingBoards
The Industrial Training Act, of March 1964, applies to
all industrial and commercial firms and all categories of
staff. The main objectives of the Act are to provide an
increase in trained manpower, to improve training
standards, and to achieve a fair distribution of training
costs.
In April 1969 there were 26 Training Boards. Each
Board is responsible for formulating a training policy for its
industry and Board members, who represent employers,
trade unions and education, are appointed by the Secretary
of State for the Department of Employment and
Productivity.
Each Board has the power to establish a training levy
which is collected from employers, and to determine how
their training grant system should operate.
The Engineering Industry Training Board has some
28,000 engineering establishments on its register. The
current annual levy depends on the establishment's total
payroll bill and is calculated as follows:Payroll
Levy
NIL
First £5,000
£5,000 - £15,000
1%
2~%
Over £15,000
The total levy for the year up to 31st August, 1969 was
of the order of £86m.
Some Boards prepare lists of approved courses and
provided that they consider the course appropriate to the
training needs of the student they re-imburse fees,
accommodation, travelling expenses, and salary during
attendance. Others require companies to submit a retum of
the amount of training given in the industry and grant is
allocated proportionately. Grants can also be made for
carrying out certain aspects of training to which a Board
whishes to give special encouragement. In cases where
Boards have made specific recommendations on the training
requirements for particular jobs, grant may be made only to
those organisations which conform to the pattern laid
down. Finally, a Board may retain of the total levy to
sponsor the development and presentation of courses where
it is felt that no suitable facilities currently exist.

3.2 The formation of the Computer Training Policy
Committee
In December 1967, the Department of Employment
and Productivity asked the Engineering Industry Training
Board to set up a Computer Training Policy Committee for
the purpose of co-ordinating the preparation of recommendations on the training requirements in the computer field.
The Joint Committee represented a number of training
Boards as well as the computer manufacturers, technical
colleges, trade unions and computer users.
The task of preparing recommendations was delegated
to two Working Parties, one responsible for Management
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Training, the other for Computer Professionals.

3.3 The Recommendations
The initial recommendations of the Management
Working Party were approved by the Policy Committee at
the end of August 1968 and submitted to the D.E.P.
The Committee's recommendations were that the most
urgent requirements was for three types of courses:3.3.1 A one-day course for Chairmen and Managing
Directors in which the main emphasis would be on
the need to train their own staff.
3.3.2 A three-day course for Functional Directors to equip
them to play their role on the introduction of
computer methods within their organisations.
3.3.3 A five-day course for Senior Departmental/Line
Managers to equip them to participate in the
realisation of computer plans in their area of the
business.
The Board decided to implement the training recornmendations of the Policy Committee by providing a series
of I, 3 and 5 day courses in the period January 1969 February 1970 and as stated earlier asked the NCC to
convert these proposals into a series of courses.

3.4 The development and implementation of the one day
course
As mentioned already the main purposes of the I-day
course is to impress Chief Executives with the urgent need
for training for the whole management team but the course
also aims to provide a brief insight into computers.
Because it was hoped to attract an audience of 50 to
each course the presentation is in the form of four lectures,
each followed by a discussion period making up a total
session of one and a quarter hours.
In the first "The Present Scene, how it has come about
the ways ahead", we set out to convey the impression of
the phenominal growth rate of computing to stimulate the
Executives to question their own non-involvement to-date.
In the second "The Computer, What it is and what it
can do", we cover the principal elements of hardware and
the concepts of software, before discussing briefly a
number of applications appropriate to the Engineering
Industry.
After lunch we tackle "Planning and implementing a
computer project in your company" emphasising the need
for management involvement, using the illustration in
Figure 2 as one of the keystones of the lecture.
The final session is devoted to the "Managing Director's
Role" with particular attention to the need to make a
determined plan to deal with the human and organisational
problems which the advent of a computer will bring.
One of the problems in developing this course that in
order to drive the lessons home to the audience of Chief
Executives we needed to invite authoritative speakers to
present the sessions. Five courses were planned and
conducted but we were unable to secure four such speakers
who would be willing to undertake the whole series, since
the courses were held in four different locations - two in
London, one each in Birmingham, Leeds and in Glasgow.
Nor were we able to ask such speakers to restrict themselves
to a tight brief; the very fact that they were authoritative
meant that they wished to make a personal contribution
from their own experience.
However, we did want to prepare good visual and
printed material which it would have been uneconomic to

revise for each presentation. In order to make the vel}'
frank comments on existing management shortcomings in
sessions three and four acceptable, we had to secure senior
men from the Engineering Industry itself, from whom the
. audience would accept the message. We felt that such
strictures from a computer professional would be obviously
suspect.
In practice we have found that most speakers have been
able to exploit the visuals we prepared and the printed
material is restricted to a summary of the main themes of
each session.
The first course was opened by Lord Louis Mountbatten in London on January 30th, before an audience of
some 70 people. Outside London the courses were less well
supported, but there is evidence that the message has' gone
home and that some Chief Executives at least are playing a
vital role in their company's computer projects.
If we were asked to repeat the exercise we would cut
down even more on the formal presentation to allow the
audience more time for questions, half an hour per session
was rarely enough.

3.5 The development and implementation of the three-day
course
The three-day course consists of refinements to our
existing material with an emphasis on the contribution the
computer could make in an engineering company. The
course is designed for a group of up to twelve directors and
assumes that they do not yet use computers within their
organisations. Two staff conduct each course, one a senior
representative of one of the leading consultancy firms in
the U.K.
3.5.1 Course content
The course time-table is shown as Figure 3, and the
content of the various sessions are summarised below»
Introduction to the course
Course members are formally welcomed and introduced
to the staff presenting the course, and introduce themselves
through a brief autobiographical comment. This session is
held after dinner on the evening preceding the first day.
The COurse itself covers.Elementary Hardware
The need for information; Information Developments;
Basic Elements of a Data Processing Computer System.
Programming and Software
States in preparing a program; methods of coding; assembly
level; high level; software; applications packages.
Recent Developments
Newer concepts in computer system organisation;
Improvements in peripheral information handling equipment; Data communications; Progress towards standarisa-

tion,
In each of these sessions the emphasis is on the
implications of particular devices or methods to management.
Practical Exercise
The purpose is two-fold to demonstrate one of the
newer aspects of the British computer scene - the
multi-access terminal, and to show how ready access to
computer facilities can enable to exploit techniques which
can be cumbersome by hand. The example used is a
Discounted Cash Flow calculation. The Directors themselves operate the terminal to obtain the results.

Exploiting the computer
A number of the most common reasons given for using
a computer together with relevant applications are
discussed. In particular time is spent on the benefits and
difficulties of using the computer in the areas of inventory
and production control, two problems of particular interest
to the engineering sector.
Stages in a project
These sessions are concerned with the planning and
control of computer projects, and in particular the initial
project - the purchase or use computers for the first time.
The recognised stages are shown in Figure 2. The emphasis
is on the directors' role in the project and the need to make
their managers available to participate fully.
.Social and Organisational Implications
The course members discuss how the introduction of
the computer is likely to affect the work of the various
groups with the organisation - their own, middle
management, clerical and shop floor workers, attitudes
which can be anticipated and planned for; the problem of
integrating and controlling computer specialists.
Experiences of a user
A user describes his own company's computer history
their difficulties, their expenditure etc. Invariably, without
any extensive briefing, the speaker reinforces many of the
points raised during the formal sessions. (It is always
heartening how frank existing users are prepared to be and
how willing they are to donate their experience so that
others some of whom may be their competitors in the
market place, do not make the same mistakes).
Project Exercise
The class works in syndicates on the "Computer Project
Exercise". As representatives of a Group Board of Directors
they are asked to study a report prepared by the Office
Manager of one of the subsidiary companies recommending
the acquisition of a computer by that unit.
The report is typical of many which in our experience
have led to a decision to purchase.
Forming the EDP Unit
The problems associated with recruiting, training and
retaining staff for the EDP unit.
The Engineering Company
The course concludes with a presentation of the TEC
case study. The case study is an accurate account of one
company's experiences in developing a computer-based
production control system. The report - 60 pages long covers the period since 1965, when the proposal was first
mooted, to the present and includes the plans, up to the
conclusion of the total implementation of the initial
systems which is expected to be completed in J972. Course
members receive the case study two weeks before the
course and it is assumed that they are familiar with the
material. Reference is made to TEC at relevant points
throughout the course. TEC is not intended as a model case
since some of the actions and decisions are not typical or
even recommended. It is however a factual report. The final
session gives course members the opportunity to question
the EDP consultant who is advising TEC.
There are ten courses in the series, each in a different
hotel in a different geographical region.

3.6 The development and implementation of the Five-day
course
The five-day course required us to develop a complete
new set of material, again with all the examples to be taken
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from the Engineering sector. The recommendations of the
Policy Committee defined the content of such a course
from which we had to develop an acceptable training
programme.
The main objectives of the course is to equip managers
to act as Project Leaders for computer applications in their
area of business. In this some way think that we are
undermining the Computer professional, but unless operating management is wholly committed to the project and
accepts both operational and financial responsibility it's
chances of success diminish
The course, with a membership of about twelve, has
been designed for senior levels of executive management up
to but excluding directors, and extending downwards to all
managers with budgetary accountability. It is assumed that
managers attending will have had little or no personal
involvement with computers, and the treatment is
accordingly introductory. Two staff present each course
and conduct it so as to encourage the maximum active
participation by managers, with practical work whenever
possible.
Very copious illustrative reference is made to current
experience, mostly of named firms in the Engineering
Industry. The course time-table is shown as Figure 4.
Prior to the course, delegates receive a copy of a
Ministry of Technology publication on "Production
Planning and Control" based on the experience of.
medium-sized engineering company.
3.6.1. Course Content
The contents of the various sessions may be summarised
as follows:Introduction to the course
Course members are formally welcomed and introduced
to staff presenting the course and introduce themselves
through a brief autobiographical comment. They also state
their expectations, reservations and reasons for attending
the course, and proffer specific examples of jargon words
on which they wish to be enlightened.
Information Systems
Basic concepts of information and systems in relation
to the management task. The evolution of advanced
information systems as a normal consequence of using
computers. The time-scale required to achieve integrated
information systems.
Computer Hardware
The nature of computer hardware including the
functional diagram relating input, storage, control, processing and output; how information is stored and instructions
executed. Devices for input, output, storage, processing
rates.
Computer Programming
The programmer's repertoire (low level and high level
languages). Practical examples involving precisely formulated problem specifications, an algorithm, a flowchart and
the operation of coding.
Computer Techniques
In this session computer techniques relevant to the
interests of managers are reviewed and illustrated. Program
packages are emphasised and demonstrated through
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applying an existing PERT package to a specially
constructed example. Data sheets completed by the
students are collected and processed using the package.
Invited Speakers
The invited speakers address the course. The first of
these represents a computer manufacturer, a computer
bureau company, or a consultancy. The speaker is provided
with a "selling" platform for his type of organisation, and
asked to deal with questions from course members on the
pros and cons of the three alternatives, which he will be
expected to answer in a partisan and partial manner. Course
members, briefed well beforehand, are required to use the
occasion to reach a balanced view of one of the alternatives.
The second speaker is a line manager in the Engineering
Industry recounting and discussing his experience of
computers good and bad, and dealing with questions from
course members.

EDP Department
An account is given of a typical EDP department - its
size, costs, organisations, operations, relationships with the

rest of the company, job descriptions.
Social and organisational impact of computers
The various aspects, already touched on and implied
which bear on company personnel and organisational
matters are reviewed and drawn together into a consideration of the consequences for the individual manager of an
ever-increasingly widespread use of computers. As computers and computer techniques become more powerful,
the task of management will be increasingly affected.
Computer Visit
A visit to a computer installation is arranged and
includes practical demonstrations of individual devices in·
the computer room to groups of two or not more than
three managers.
Computer Software
Standard programs, subroutines, program library. Program packages. Compilers, Operating systems, Multiprogramming. Time-sharing and multi-access.
Computer Management Project
The Principal aim to the course is to retum the manager
to his sponsoring firm readier and better equipped to assist
in applying computers effectively within his area of responsibility. In our view the best practice is represented by
those firms in which line management is held accountable
for the success of computer systems projects and four sessions of the course consider in some detail how a line
manager can:
a) make a significant and essential contribution to and
b) most effectively direct the separate stages of a typical
computer systems project.
We identify the stages in the development of an
application as:
1. selecting applications - relevance, urgency, practicability, criteria for selection
2. assessingand reporting on feasibility
3. fact-finding
4. analysis
5. outline design
6. formal review/presentation/decision
7. detailed design, programming, devising operating procedures, re-training staff

8. implementation
9. audit against initial objectives
On-line terminal
From approximately 2030-2430 on days 2 and 3, use is
made of a terminal on-line to a computer in London. These
sessions are informal and voluntary, yet nevertheless they
have become an integral and important part of the course.
The course members are able to gain a "hands-on-experience" which very quickly dispels any hidden fears of
computers. By using the various demonstration programs,
or the more serious areas of application, they learn some of
the problems and advantages of computer systems.
Personal Assignments
In the original version of the course the sessions on day
4 before dinner were devoted to practical work including:
a) an hour at a time-sharing terminal in groups of three

managers
b) personal and group assignments requiring directed
reading on computer topics.
During these practical sessions managers had free access
to each other and to staff members for discussion and
guidance. Assignments were reviewed during the first 3
sessions of day 5. This feature has now been eliminated see
Chapter 4.
The hour at a time-sharing terminal provides personal
"hands-on" experience unique in character. Carefully
structured, the time is devoted to having the computer
1. instruct the manager in calling up and using the
available facilities
2. perform simple calculations
3. retrieve information and display it
4. teach an elementary skill in a d-personalised way at rate
determined by the manager's ability to learn
5. teach simple computer programming and take the
manager through a programming exercise.
.
The directed reading is related to assignments reflecting
individual interests. References arc made to books and
journals provided on the course. A subsidiary aim is to
acquaint managers with the range of published material
relevant to computer applications.
A selection of four films is shown to illustrate certain
topics during the course. Subsequently, managers comment
on issues raised by the films. There are 20 courses in the

series.
Since the whole programme is designed on a regional
basis to train a management team, the phasing of the course
is I, one day, 2, three day, 4, five day per region, with
double the number in the South-East. The project is
phased so that I, 3 and 5-day courses occur in a region at
intervals of about 5 weeks, i.e. the first London I day was
at the end of January, the first three day at the beginning
of March and the first 5 day in the middle of April.
4. WHAT LESSONS HAVE SO FAR BEEN LEARNT?

4.1 Appropriateness of course members
Our biggest problem is to ensure that the right audience
attends. The Training Board has attempted to make it clear
from its publicity literature for whom each course is
intended but short of asking to see a company's
organisation chart it is virtually impossible to determine
whether a title matches up to the specification until the
delegate arrives. However good the material if it is not

apposite to the student's needs he will not be satisfied.
Further, course members who are of the right calibre can be
irritated by someone who is not involved in policy making
or exercising management responsibility who inevitably will
wish to draw the discussion towards his own rather
different problems. Besides candidates who are unsuitable
because of their position, we also have delegates from
companies who have their own installations and they have
not always been entirely satisfied.
This is inevitable since the problems in an organisation
which has a system which does not come up to
expectations, are very different from those who have not
yet started and the material has been designed for novices.

4.2 Suitability of staff
Another problem has been to find suitable staff to
present the course. The staff of the Centre tend, inevitably
to be computer specialists who may be regarded with some
suspicion by course members. We have therefore taken care
in selecting people to join the team to choose those who
have other experience and who are able to adopt a
management, as opposed to a computer, viewpoint.

4.3 Organisationalproblems
The other problems have been mainly of an organisational nature, arranging for the Post Office to fit temporary
exchange lines in a dozen different hotels, ensuring that our
mobile terminal returns from a five-day in time to be
transported to the other end of the country for a three-day,
briefing 20 companies on the purpose of the computer visit
and something like 60 visiting speakers have all stretched
us. It is unlikely that we would again undertake a plan
which involved moving the courses round the country in
this way - the psychological advantage of taking the course
to the regions does not outweigh the disadvantages of
constantly being a new location and sorting out the
administrative difficulties with a new hotel manager.

4.4 Modifications

to

Course Structure

We are nOW fairly well satisfied with the basic structure
and material of the three and five-day courses. Though the
timetable has been modified somewhat, the main change
has been to eliminate Personal Assignments, extend
computer Project Management, and introduce two sessions
on Applications. The elimination of Personal Assignments
has caused some regret. In the earlier courses the sessions
proved a failure both in terms of the individual undertaking
a particular task and of the other course members due to
problems of presentation. However, after it had been
decided to replace the Assignments, the standards rose, and
the sessions were greatly appreciated by all course
members. Perhaps it may be possible to consider their
re-introduction in the future.
The elimination of the Assignments has however made
it possible to extend Project Management and to include
two much needed sessions on Applications. The extension
of the former allow a slightly less hurried treatment, and to
consider the very important question of D.P. Standards (on
which NCC has done considerable work). The applications
session take a particular computer application and describe
it in very much more detail than has previously been
possible. Our intention is to develop a series of applications
which can be used as and when they are appropriate.
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5. THE FUTURE
As a result of the success we have achieved in
developing and running these courses in E.I.T.B. has asked
us to run a further series of 4 three-day and 4 five-day
courses plus an - as yet unspecified - number of one-day
director level seminars.
There still however remain the basic problem of how to
make these courses as widely available as possible (during
the first series we have had approximately 280 course
members on the 3 and 5 day courses, and yet there are
more than 28,000 flrms paying levy to the E.I.T.B.) If we
are to do more than just scratch the surface and achieve a
long term affect, we must now tum our efforts towards
creating an enormous expansion in this type of course for
Management.
We plan to do this in two ways - viz:
(i) by making available, in the form of a package, the
results of our development effort to suitable organisations who will run the courses themselves.
This will involve the creation of an extremely tight
control system. The lecturing material and supporting
notes will be leased to carefully selected course running
bodies who will then be subjected to tight control as to
their content and method.
(ii) By industrial and commercial organisations leasing or
purchasing the material for their own "in-house"
training courses.
We are pursuing both of the above techniques and both
methods appear to give considerable promise of a wide
expansion in computer education for management in the
near future, thus fulfilling the basic purpose of the NCC, to
expand and improve the use of computers in the United
Kingdom.

1I/240

Nce Three-Day

COllr~c

for Direclors,
Rf:LATII!£ eONTRtnUTION OF MAl'AGEMENT AND

,

DAY

e

IMY

ceurs c OI>J<>cth'cs

Stllg"S In project
(0) Justification

Hunugcmc n t, SIlI'vlces

10.15

Coffee

Coffee

corree

10.:>0

Inr"rllllltl",\
lIan<lllng

I~l

e"",e Slu,l)"
The EXl'rnss
nair}' Compllny

13.00

Lunch

Lunch

Lunch

11,.00

"", Software

(,) Implementntion

Prese'Hntl"n ,f
Proje"t Exnl'" i~,·

Teo

Tllll

1'ca

In(or",ntlon
Syst.emS r

tnr o r-emt Jon
Systems i r

0"

Visit to en
lnst;lliutlon

9.0 0

Selection
Development.

I'rogrnlllllling

15.30

Excrel:>!!

Iii""",.

COMPUTER STAFF DURING COMPUTER PROJECT.

,

lJ,\r

rl_-;;''''llr;"'"''''':S'''I'ICC~''''-;;'';;;'I'IIJ.~

~\S~W·SSI~l; FI':n,~Ll
J

-

:1.. . I:T-I.·Il>:IlJ.....CJ

L..-llllil~~1
J
O(l"l'IINF IWSlliK"

nGUut a.

! FOm1AL IU,;VlE"'/I)~CISIONr
!Ot'r§ILED DESIGN ... Jll':Vl::LUX}lf~JJ

I

HIPt.EHENTAT;ON

SYSTl>MS AUDlT

I

I

I

COMPUTER STA~'F,

MANAGEMENT

IIi""'"

InformllJ
DiscussIon...-

r."""t Sileuker

m,,1 I','j""t" Stlldr
of I'l'ojecl f:X"l'clli"

l:ill..!!!!f.!
ErrB Five-OilY Course for SenIor n"ror1meotal MlUlng"r

ElTn Three-DOl! Course for Directors,

llAY

,

DAY :i

-

FlAr

I""

C,

EI Cll"", tllry
ue ruvc re .

StnlleS
Project
(,)

Coffee

c"ff"e

l'I'ogrolll"'lng
IIn<lSufl ...a r e

Slllg,·,.
I"·,,ject.
(II)

lntervnl

Int.ervol

f nt.ci-veI

neeent
Developmentli

Stllges i"
Project.
(0)

Exc r-cl s u

LllNen

LUNCII

Pl'ilcUcll1
EllerclsC!

Soclnl
Orgnnlsnt.lonal
Impll ....n tlons

11./,0
11,/15

l~.

St,,~ .. s

"

P"nj ,~c I
(0)

I

nnrliliseussion

Gurf.'e
Slasn" ru
I'rnjecl

"

(<)

"roj,.!,t
nepOI"ts
LUNI:Il

15

15.25
15,30

"",,,no"'
Present.ntlons

."

09,00
10.10
10.:;0

Ilardwar!!

",,'

Interval

Int c rval

Exploiting
t.heColllputcr I

cnse Illstory:Tho ElIglne"ring
Compnny
lnterval

·Sloges in
Project.

Gourse nevtcw

(,)

rs.fo
21.00

'oo

Too

Exploiting
t he Computer

F.xpcriences . f
!I user organtsa~
tion.

Frne TItlc
Dlnncr

,,'

rr

To"

~r~~e~imc

..,

FJlIll

f'llm nn
Iliscuss;on

IndiVIdual
Project.
Fxe r-c t se

Tills session Is devoted to the selec1j"1l of equil'llIent lind
the evatuut ton ofmaoufnnt.urers' tenders. CoursenlellllJ",'s
11111\11111r wIlh t.he sUl>jeel lIIlly w1s11 10 tahc 0 free period.

-31-

Ilanlwllrc

-12-

II/24 I

~
BETB Five-Day Course for Senior Departmental Manager

Day 1

0000
1000

r

Sec

Camp. Pro).

Soc

Prcgramrnmg U

Applications

1130
1230

information

Softwar-e

Applications

Computer
Pro). 1

Support
Services

I
Systems

Systems

U

1lI

Comp.ProJ.

Hardwar-e I

Prep for Info.
Ret.Exerctse

Film

Compo Pro).

1630
1730

vtau or

EOP Dept.

Camp. Proj.

Terminal
PERT
LINPRO DCF

Film

1740~

Hardware II

~~~'~J~pm)

20152215

V

U

Info. Ret.
(1855)

Info. Ret.
(1655)

Steck Cant.

W.Re!.

lnLRet.

Prepare
EDP Dept.

prepare Compo
Proj.8:
Support
Services

Prepare
Comp.Pro).
Soc 8: crg ,

&

Org. I

&

Org. U

Q&A

IV

Film

1510
1610

18401655

Day 5

Camp Baaed
Techs

introduction

tnrormeuon

Day 4

Baste Camp
Tachs

1010
1110

1400
1500

II/242

03)' 2

Programming 1

User
Experience

Course
Review

TRAINING
DATA

MANAGEMENT

FOR

EFFECTIVE

SYSTEMS DEVELOPMENT
Arnold Barnett

I. THE DEVELOPMENT AND OPERATION OF DATA
SYSTEMS

About two and a half years ago a local governmental
body in the United States experienced a very painful
implementation of an automated billing system. Bills were
rendered months late and then after they were mailed to the
taxpayers it was discovered that a substantial number were
wrong and misaddressed. When an official of the local
government was asked why this had happened, his reply
was, "When you automate it is always hell for the first
th ree years."
This story highlights two problems that continue to
race us in the development and operation of data systems.
One problem is that most system development efforts result
in systems that are not well received by the people for
whom they are developed and who have to make them
work (users). Also, most automated systems do not go
operational when they are supposed to, are difficult to
operate when they are working, require an extensive
amount of redesign immediately after they go operational,
etc.
The second problem is that this has been going on for
so long that, like the local government official, both
management and data processing specialists think that this
has to be endured to have an automated data system. Well,
it just does not have to this way. Good, on-time data
systems can be developed if we just go about it in the right
way.
Moreover, as time progresses and we attempt to develop
more sophisticated data systems, the price our organizations will pay for partial or total system failures will get
higher and higher. As a general rule, failures in the
administrative and financial systems do our organizations
the least amount of hann.
The operating systems such as inventory, production
control, and order entry do our organizations somewhat
more harm and the most sophisticated of all systems, the
Management Information System, will cause our organizations the most amount of harm when they fail to do what
they are supposed to do.
The reason for this is that the administrative and
financial systems deal, in the most part, with past or
after-the-fact information, events that have already taken
place; the operating systems deal with current operating
activity; and the management information systems deal not
only with current operating activity, but are also used to
help make decisions concerning the future course of our
organization.

one type of systems versus another but to bring home the
point that as we move' in the direction of developing thc
more sophisticated data systems we are taking greater and
greater risks. We really do not want failures, total or partial,
in any of our systems; however, the administrative and
financial system failures can be endured better than others,
Another point is that the administrative and financial
systems which, relatively speaking, do us the -least harm
when they fail are also the easiest to automate. The reason
is that there are precedent manual or semi-automated
systems that, if nothing else, can be copied when
automated. The operating systems when automated are not
as susceptible to copying and in the development of
management information systems we will see very little
copying of the existing system.
Therefore, as we move in the direction of operating and
management information systems we are dealing with
harder to develop systems and if they are not properly
developed they will do our organizations proportionately
more harm than the problems arising from our present
systems.
Something has to be done now, before we get deeply
involved in the 1110re sophisticated systems, to insure that
current and future systems development efforts do not end
up either as total failures or partial failures. A total failure
is written off, some persons lose their jobs, and the
organization goes on to the next systems development
effort. Partial failures are worse because they go operational
only to give a negative or, at best, a very little return for the
time, money, and people invested in their development and
operation. Also, development never really ceases because
years are spent trying to get these systems to do what they
are supposed to do.
As we go back and review the history of the development
of our present systems, we find one condition that stands
out as the prime reason for the poor systems development
work that has been done up to now. The one thing that
does more to hamper good systems development work is
the absence of top and middle management's involvement
in the initiation, development, and, in some cases,
operation of their own data systems.
As noted before, we can muddle along without
'management's involvement when we are developing precedent-type systems; however, without their meaningful
involvement in the development of the more sophisticated
systems, we will have to expect an increasing rate of
failures, both partial and total.
3. NEED FOR INVOLVEMENT OF AND SUPPORT BY
TOP MANAGEMENT

2. MORE ADVANCED SYSTEMS DEVELOPMENT
The above is not meant to categorize the importance of

I believe the answer for our current, as well as future,
systems development efforts, is a process of systems
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development believed in and supported by top management
that requires the involvement of the persons for whom the
systems development effort is being conducted.
The crucial point is how do we get top and middle
management to believe in such a program (some systems
people, too) so that they will take some of their valuable
time to participate in the development of their own data
systems.
The answer is that this particular process for systems
development must be sold via an effective training program.
It is one thing to train management in the basics of data
processing such as binary arithmetic, programming, computer concepts, hardware and expose them to the computer
via "hands-on" training and demonstrations of what the
computer (and its remote display device) can do. However,
it is another thing to spend three days with management
convincing them to meaningfully involve themselves in the
development .of their own data systems. Convincing them
by explaining:
The process of systems development from initial
planning through analysis, design, implementation and
subsequent evaluation of the operating system.
The interacting roles that both management and
systems personnel play throughout the entire effort.
Then offer some systems techniques that management
can use without taking any additional training.
This latter type of training focuses on what management must do to help in the development of their own
svsterns and makes them comfortable and Willing to do so;
whereas, the former training stresses mainly what systems
people do and, in some cases, impedes management's
meaningful involvement.
To review:
a. We have had and continue to have troubles developing
our precedent-type systems.
b. If we develop our more sophisticated systems in the
same way we arc doing our other systems development
work, we will be in for even more trouble.
c. The majority of the problems in systems development
stem from the fact that managers, top and middle, do
not meaningfully involve themselves in the development
of their own data systems.
d. To develop good data systems, top and middle
management will have to be convinced to involve
themselves in the development of their systems and be
trained to play their respective roles in the systems
development effort.
e. This is best done by a seminar that focuses on systems
development not hardware, software, hands-on training,
and demonstrations of what the computer can do for
you.

4. THE RESULTS OF MANAGEMENT INVOLVEMENT
Let's be more specific about the advantages of
management's involvement in the development of their own
data systems:
4.1 With management involvement the resulting system
will be more responsive to the users because the persons for
whom the system is being developed will be involved in
such activities' as defining requirements, describing their
own present system, designing the new system and training
functional personnel prior to the conversion. Many of
problems that currently arise during programming, conversion and system operation are precluded by management's
prior involvement.
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4.2 Subsequent redesign and maintenance to the system
will be minimized due to user involvement in the design of
the new system.
4.3 Top management will be more likely to approve and
support a "joint systems" effort rather than a systems
effort proposed by either the systems department or the
using department.
4.4 The systems development effort will be less hectic with
much less feedback because there will be "no surprises" for
the user departments when they review the interim and
final designs of the new system. This is because the users
themselves will have been participating in and guiding the
effort from its inception. "No surprises" will also insure an
on-time conversion to the new system.
4.5 The conversion and subsequent operation of the new
system will be smoother because the users who have played
a part in its development will consider it their own system.
This will have a favorable impact on the personnel of the
users function. They will consider the new system as one
designed not by the systems department but by their own
management, a big factor in reducing their resistance to
change prior, during and after the system is converted.
4.6 Management will take a proprietary interest in the new
system and not abrogate its responsibility toward the
automated portion of their data system. This abrogation is
noted when functional management considers ."their"
automated systems as belonging to the Data Processing
Department. In such a case, the payroll manager would tell
the data processing manager that it is his problem (the DP
manager's), that the time and attendance information is
inaccurate and that he should write the operating
departments asking for improvements in their time and
attendance reporting. This is not the "mothering, protecting and defending" role he, the payroll manager, should be
playing. Such abrogation of management's responsibility
leads some to conclude that the man who controls an
organization's data systems will control the organization.
4.7 Last, but not least, is the fact that a systems
development effort conducted with meaningful involvement from functional management is a much more
gratifying and less nerve racking experience for the
associated systems analysts and programmers than the kind
of experiences they now have. This process for systems
development will have a material effect on an organization's
ability to hire and retain good systems personnel.

To review.Better system.
Less maintenance,
Greater chance for project approval.
Less hectic.
HNo surprises".
On-time conversion.
Reduce resistance to change.
Subsequent proprietary interest by users.
Reduce turnover of systems analysts and programmer.
Less than two years ago I began teaching a three-day
management seminar on systems development. Since then,
over 1.200 top and middle user and systems management
personnel have taken this seminar. As a result, various
organizations are experiencing the benefits previously
stated.
5. EFFECTIVE DATA SYSTEMS DEVELOPMENT
The

following

highlights "Effective Data

Systems

Development." the process that incorporates meaningful
user involvement in the development of their own data
systems:
5.1 From inception through conversion the systems
development effort will be effected by a systems team
com posed of both user and systems personnel, The word is
TEAM. not committee. This means that a middle manager
from the user department(s) will either be on a full-time or
on a regular part-time assignment to the systems team.
5.2 All team members, systems and users, are their
department's representatives. They are responsible for
keeping their co-middle managers and bosses informed of
what the team is doing and relaying decisions and
suggestions back to the team. Also, department management has a concomitant responsibility to communicate
with their team representatives.
53 Meaningful involvement of users extends to all users
who will be affected by the new system. User team
members are meaningfully involved when they do the kind
of work on the team for which they are qualified due to
their experience and knowledge of the user department's
operation. User team members are not expected to perform
sophisticated data processing tasks such as detail analysis,
detail design and programming.
User management in the departments are meaningfully
involved when they communicate with their team representatives, making decisions and offering suggestions.
5.4 Responsibility for the success or failure of the systems
development effort rests squarely with the team, not with
the systems or user departments.
5.5 A systems approach to the total systems development
effort is taken by: Planning what will be done; Analyzing
the present system; Detailing the new system, and Implementing the new system, in that order.
5.5. I Planning involves defining the problem(s), i.e., problem definition. and then determining what can be done to
solve the problem(s), i.e. system objectives. Some refer to
these two activities as a feasibility study.
5.5.2 The system being improved is then described in detail
as to what it is presently doing and how it does it. The
system's problems arc also detailed.
5.5.3 The present system just described is then diagnosed
as to what changes can reasonably be made to the present
system to meet the system objectives. These changes are
stated as quantified design guidelines.
5.5.4 The quantified design guidelines are given to detail
designers (computer designers, analysts, programmers, and
systems and procedures personnel) who detail and complete
the design.
5.5.5 When the completed detail design is approved, the
implementation phase begins. The computer systems
personnel program and test the computer portion of the
system and the user representatives train their own
operating personnel. When both the systems testing and
training are complete, the system is converted.
5.6 The above noted tasks in a systems development effort
are performed in the stated order; however, there is a
measure of feedback in every systems effort. This is due
mainly to mistakes and omissions on the part of the
systems team, and those that help and communicate with
them, and changes caused by factors which are both
internal and external to the data system. Feedback has to
be taken into account when determining the money, people
and time required for the effort.
5.7 A good problem definition is one that discovers all of

the major problems, needs and requirements of the data
system and the related requirements of other data systems
that do or should interact with the data system being
developed. Such a study may uncover more problems,
needs and requirements than can be currently handled.
Therefore, in defining the necessary solutions, decisions will
be made as to what priorities to give to each requirement.
The important point here is that this initial effort will
all but eliminate the possibility of an existing requirement
manifesting itself later on in the systems effort when it will
cause disruption, delay and confusion. In addition, it may
point up the need for more systems changes than previously
thought. This can result in a larger initial effort or an
incremental implementation of a larger effort stretched
over a longer period of time.
5.8 Not all of the solutions to data problems are found in
automation. Most practical solutions contain combinations
of two or more of the following: automation, reautomation, manual system changes, taking certain applications off
the computer, policy changes, training, reorganization and
improved supervision and operating controls.
5.9 In the design phase the detail designers - some of
whom are brought in to augment the systems members of
the team - are working concurrently on the computer and
manual portions of the system. This concurrence is
important. Many poorly functioning automated data
systems are designed firsts as computer systems and then,
almost as an afterthought, consideration is given to the
man/machine relationships of the user personnel who have
to make the system work.
In this phase the user members of the team are
consulting the systems personnel on. man/machine interface
matters, working on detailing the policy changes and
reorganization, and formulating their training program for
operating personnel, The training program will be carried
out during the implementation of the system.
5.10 Whenever a quantified design guideline cannot be met
without affecting another guideline, the detail designers
must come to the systems team for the resolution of the
trade-off. In this way, the systems team will decide all
applicable trade-offs, thereby insuring that there will be
"no surprises" for anyone.
5.11 Providing the team concurs, any change can be made
from the time the systems development effort begins until
the detail design is completed; however, once the
completed design is approved for implementation, the
design is frozen. As noted before, throughout the planning,
analysis and design phases, the user representatives explain
and show their co-managers and supervision what developments are being contemplated by the systems team and
solicit their comments and suggestions. These suggestions
and comments are carried back to the systems team for the
team's consideration.
It is possible that an impasse can be reached when two'
or more participating departments - user VS. user or user vs.
systems - cannot agree on a particular item. At this point
the team leader will take the conflicting parties to higher
management for a decision. Please appreciate that the
whole Effective Data Systems Development procedure
precludes many of the impasse-type situations that are now
faced in systems development efforts. Also, if they do arise,
they are handled and decided during the planning, analysis,
and design phases, not during the programming effort,
which is so often the case today.
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5.12 The completed design contains many things that arc
today considered program documentation. This means that
the analysis and design tasks, much of which today is done
during programming, are already completed at the time the
detail design is approved. One of the jobs of the systems
representative is to make sure that all of the detail decisions
arc made prior to the approval of the completed design.
Before the systems department agrees to the completed
design, they should feel that they have all of the
information needed to "program in peace."
6. CONCLUSIONS
As you probably noticed, I highlighted the phases of
systems development prior to the programming, testing,
training and conversion. This was done on purpose because
it is during the planning, analysis and design phases that
virtually all of the decisions are made and the majority of
the total systems development time is spent. Under
Effective Data Systems Development, you could spend
anywhere from 51 to 75 percent of the time properly
preparing for the programming, testing, training and
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conversion with the remaining 25 to 49 percent of the time
devoted to a smooth implementation.
I appreciate that many of you arc not used to this kind
of systems effort. Many of your current efforts consist of a
little planning, a little analysis and a little design and a long
programming period. The reason for the long programming
effort is that a majority of the programming time is not in
programming but in analysis and design, or should I say
redesign and reprogramming. Much of your present day
redesign and reprogramming carried on during the
programming phase could be avoided if the proper people
arc meaningfully involved before programming rather than
having to be involved during programming.
Therefore, to train management in computers is to train
them in systems development. Management must be
convinced to meaningfully involve themselves in the
development of their own data systems. They must
appreciate that they cannot point their finger at their
systems people and say "You do it! " - it just does not
work tha t way.

USE

OF

COMPUTERS

IN

MANAGEMENT

EDUCATION

J. Daniel Couger

1. INTRODUCTION
A 1967 survey of the 117 members of the American
Association of Collegiate Schools of Business, Couger
(1967), revealed that few schools had adopted computer
curriculum. In the past 3 years, a significant change has
occurred. The computer is now an integral part of
management education in many U.S. Schools of Business.
Since his original survey, the author has been a
consultant in curriculum development for 37 U.S. Schools
of Business, and this paper reports the computer uses and
computer curriculum in these schools. In addition, a new
survey is in progress. All members of the A.A.C.S.B. (now
142 schools) are included in the survey, as well as 375 other
Schools of Business. Those survey results will be available in
May of this year and will be included as an addendum to
this paper at that time.
2. OBJECTIVES IN COMPUTER CURRICULUM
The statement of objectives in computer curriculum as
recorded in the Tulane University catalog is typical of the
37 schools:
"Perhaps the most certain fact of life facing the future
manager is the tremendous role that high speed and large
capacity computers will have in the management of his
enterprise. Thus an academic program designed to prepare
future managers must devote considerable attention to
what is now known as the computer sciences."
"Tulane's program requires every student to become
operational with a large high-speed computer, currently an
IBM 7044 with related equipment. The student must be
able to program his own problems, understand computer
methodology, and know how to utilize computer in formation processing and analytical capabilities in management decision making situations.'
"The objective is not to make computer specialists of
students. Rather, every graduate is expected to be
comfortable in a business environment in which computers
are a daily part of managerial activity. He must be able to
recognize opportunities to use the compu ter in his
managerial activities, 'to know what to expect from it, and
to know how to communicate effectively with computer
specialists so that computerized projects will be properly
handled from a technical, as well' as managerial, point of
view."
3. THE COMPUTER CURRICULUM
The computer curriculum is highly coordinated with
the regular curriculum. The educational approach consists
of four phases:

I) coverage of computer fundamentals, systems analysis,
design and programming through a course required of all
students early in their academic program, 2) coverage of the
applications of computers through incorporation of this
material into the functional area courses, e.g., the computer
applications in finance in the finance courses, the computer
applications in marketing in the marketing courses, etc.,
3) coverage of computer capabilities for abetting decisionmaking in a dynamic business environment through
computer-oriented business games, and 4) coverage of
integration and optimization of computer applications
through a course on design and implementation of a
sophisticated, computer-based management information
system.

3.1 Computer Fundamentals and Programming
In most schools the requirement is satisfied through a
credit course, covering fundamentals, system analysis,
design and programming. In a few schools the programming
requirement is satisfied through a non-credit condensed
course, with systems analysis and design techniques covered
in one of the functional area courses.
The requirement for computer programming is based on
the premise that knowing how to program a computer is
the best way to understand its uses and limitations.
Knowledge of computer programming techniques provides
some important auxiliary benefits, as well:
I. The logic required in developing effective computer
programs helps prepare thc student for the decisionmaking process.
2. Such knowledge permits the student to better understand the usc of previously developed programs by
which he can generate and process data for decisionmaking.
3. The student writes programs to handle much more
significant problems than he could solve through
manual manipulation.
Emphasizing the importance of the latter benefit,
Harvard's Dr. Stanley Buchin commented . .,The mass of
data to be analyzed and the complexity of the analysis
required in accomplishing really significant research
projects are rarely possible without the use of computers.'
An important change in the approach to course research
projects is evidenced. In the past, "research" meant library
study, where a student spent many hours rewriting the
literature on a specific subject. Now the student is assigned
an actual research project, where he utilizes the capabilities
of the computer to tackle some significant problems, or
variations of problems, which have not been solved
previously.
A similar advantage exists in the handling of daily
course assignments. Many quantitative techniques are so

11/247

complex and time-consuming that only trivial problems can
be assigned to students for manually derived solutions. The
availability of computer programs for use of these
techniques permits the student to work on non-trivial
problems. Once the student understands the concept, he
can better comprehend the advantages and limitations of
the technique by gathering data, processing it on the
computer, then evaluating the output.
Since the objective is to be able to program, not to
become a programmer, most schools provide instruction in
the simplest and most universal programming language,
FORTRAN. Not only is FORTRAN the easiest language to
master, it is a power computational language which
emphasizes logical thought processes.
The ease. in understanding this language is best
demonstrated by the way in which it is covered in most of
these schools. A common approach is to require the student
to learn the language outside class, through the use of a
programmed-instruction manual. The classroom activities
consist of review of the computer manufacturer's manual
for the specific computer being programmed and discussion
of programs written by students.
Despite the limited amount of programming instruction, practice on significant problems produces some
surprisingly proficient programmers. In one school 85
percent of the systems software for a newly released
computer was written by undergraduate students, when the
computer manufacturer reported it would have to slip
systems software schedule by nine months. In another
school a team comprised of student programmers and
computer manufacturer programmers wrote the systems
software for a third generation computer to be installed on
the campus.

3.2 Instruction on Computer Applications
Computer fundamentals, systems analysis, design and
programming techniques are most effectively covered in
specialized courses, prerequisite to coursework in the
functional fields. Education on computer applications is
best provided through the functional areas of the
curriculum. Again, strong unanimity in this approach exists
among: the schools, perhaps best expressed by Dean George
Baker of Harvard, "The computer is affecting every aspect
of the business enterprise - we need to include in the
course content in each curriculum area material on present
uses of the computer and the research being conducted on
new uses."
While computer simulations of finns operating in a
competitive environment have been in use for some time,
computer simulations of the operation of major activities
within a firrn are relatively new. The progressive schools
have developed some highly sophisticated computer
simulation and applications programs for the functional
areas. The purpose is two fold: I) to better educate
students in the interactive elements of the functional area,
and 2) to educate students in the nature and use of
computer simulators. A few of the simulators and
applications programs used in the functional areas are
summarized below:
I. Harvard M.B.A. students in the production core course
write a computer program for digital simulation of a
hypothetical two-stage manufacturing process. In
describing his course, Dr. James McKenney explained
"that the minimal goal was for each student to create a
computer program which effectively simulates the
material flow and control system for the firrn."
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Part of the task of preparing the program is the
definition of decision rules for each of the decisions
specified.
2. U.C.L.A.'s Dr. David Eiteman developed a program for
his classes to perforrn a matrix evaluation on the value
of stock, based on current projections. The program
provides the values of the alternatives. Professor John
Shelton of U.C.L.A. developed a program for financial
simulation of the future financial needs of a firm, given
various assumptions and historical data. He divides his
classes into teams of two or three members and sends
them out to study local firms. They gather pertinent
data, run complete financial analyses using the
computer program, then prepare a written evaluation,
which is made available to the firm.
3. At Stanford, Dr. Peter Winters developed a production
simulation program which accepts and utilizes decision
procedures programmed by students. Students write a
sub-routine, called DECIDE, which specifies 48 parameters in the planning and scheduling of a simulated
factory. The objective of the simulator is to find the
decision processes which minimize production costs.
Dr. Henry Claycamp of Stanford assigns students of his
marketing classes a research project of writing a
computer program to utilize the Chicago Tribune Data
Bank, for panel analysis of two million records of
consumer purchases.
4. Professor Roy Harris of Texas teaches simulation
languages such as G.P.S.S. and SIMSCRIPT to enable
his students to write simulators for assembly line
balancing and inventory control.
5. A program designed to prepare production costs reports
for process cost accounting has been developed by
Wisconsin's Dr. Werner Frank. His students utilize this
program to process cost data for various production
departments, with a choice of several cost accounting
methods. In another course, Dr. Frank teaches his
students a simplified programming language, SIMPAL,
to enable them to use an inforrnation retrieval program
for cost accounting data. Students write programs to
retrieve and process the data according to specified
accounting techniques.
Dartmouth has been particularly effective in adoption
of computer applications material into the functional areas.
Student work on the computer covers a wide and highly
challenging range of activities, as shown in Figure 3.1.

3.3 Computer-Oriented Business Games
The sub-optimal and restrictive business games of the
1950's have been greatly sophisticated. Most schools utilize
computer-oriented business games or simulations in conjunction with the business policy courses. Although the
primary objective of the business game is not the education
of the students concerning the use of the computer in a
dynamic decision-making environment, computer-oriented
games fulfill such a purpose 'and, as a consequence, are
considered as part of the computer curriculum,
The most sophisticated and realistic approach is the
Carnegie Management Game. This comprehensive game
includes segments in economics, organizations theory,
finance, marketing, and production. Teams are required to
set prices and deterrnine ouput level. The environment
'contains the various functions such as the demand curve,
which deterrnines the outcome of the decisions made for
each firrn. The firrns receive income statements and balance

Fig. 3.1

Student Work on the Dartmouth Time-Sharing Computer System

I. Probabilistic forecasting of income statements, balance
sheets, and cash flow statements
2 Forecasting the ability of a company to meet fixed
charges
3. Analyzing a lease proposal
4. Deducing and applying the logic behind bond tables
5. Solving realistic bond problems
6. Developing an understanding of discounting and
compounding with computer exercises
7. Manipulating different depreciation methods to establish which is "best" un Jer a given set of assumptions
8. Sensitivity analysis
9. Testing and modifying theories of measuring and
evaluating performance of mutual funds, pension funds,
and other portfolios
10. Testing, using, and modifying portfolio selection
techniques - e.g. Markowitz and Sharpe
I I. Devising and testing models for selecting stocks
12. Constructing yield curves, devising switching strategies
sheets and the outcome of their decisions can be traced on
the financial statements.
Carnegie introduced and pioneered in the development
of this extremely complex management simulation exercise
as an integral part of its curriculum. It has become a model
on which similar exercises at other schools are based.
Currently twelve business leaders sit on boards of directors
for the participating firms (or teams). Their function in the
exercise is exactly as it is in actual business situations. They
suggest policies and review all major decisions made by the
firms playing the game and thus have been able to give great
educational assistance by providing another dimension of
realism to the game experience.
.
Dr. Kalman Cohen, one of the originators of the game,
described the objectives thusly, "The purpose is to provide
guided experience in managerial decision-making under
conditions of competition and uncertainty and to advance
students' skills of analysis, advocacy, and negotiations in
contacts with outside groups like boards of directors,
auditors and union representatives."
Even functional areas considered by some as inviolate,
so far as computer technology is concerned, are heavily
involved in the game. The game actually serves as a human
relations laboratory where students in this field observe the
actions and reactions of participants of the game.

3.4 Computer-Based Management Information Systems
A course in the design and use of computer-based
management information systems is the newest addition to
the required curriculum. The emphasis in this course is to
identify information needs for each level of management
and to develop a conceptual model to integrate all the
modules of a computer-based management information
system.
Such a course requires a firm foundation in the
management sciences, for use of these techniques is
required to optimize the M.I.S. In prior years, business
school students did not have the quantitative background
for such analysis. Now at least twelve hours of undergraduate math, including calculus, are required in the
majority of schools. Graduate programs include a minimum
of one management science course, in addition to the
coverage of many of 'these techniques in the functional
courses.

and generally solving problems involving bonds
13. Linear programming with library routine
14. Production planning simulation
IS. Simulation of bank teller waiting lines
16. Regression analysis
17. Mutually exclusive investment decision involving securities and real property
18. Cost functions
19.1nput·output model
20. Decision on factor proportions given production
function and factor unit cost information
21. Capital budgeting
22. Forecasting models, exponential smoothing
23. Short-term budget forecast for business game
24. Bayesian analysis of marketing research information
25. Queuing simulation
26. Plant layout
27. Simulation of stratified samples
28. Markov chain and simulation model of monopoly
Students in the M.I.S. course work cooperatively to
design a computer-based management information system
with the following objectives:
I. To capture or generate all data pertinent to the firm's
operations.
2. To process the data in the most efficient and
economical manner, requiring use of the techniques of
the management sciences.
3. To produce concise and timely information, as required
by each level of management for optimum execution of
its functional objectives.
Since most managers are heavily involved in the
development and continual evolution of a M.I.S., a course
of this type is an important curriculum concern.
4. FACTORS INHIBITING IMPLEMENTATION
COMPUTER CURRICULUM

OF

Contrary to a pre-research hypothesis, the greatest
deterrent to incorporation of computer technology into the
curriculum is not the cost associated with use of the
computer. The greatest inhibiting factor is the shortage of
faculty members capable of teaching this material.
4.1 Shortage"of Computer Faculty
The rapid expansion in use of computers in the United
States has created an enormous shortage of trained
computer personnel. The academic field is no exception.
The academic problem is more serious than might appear at
first glance. Not only is there a shortage of instructors for
the specialized computer courses, there is an even greater
shortage of faculty members to provide proper instruction
on the applications of computers in the functional areas of
the curriculum. Nor can the shortage be met through
recruitment of recent doctoral graduates from institutions
with strong computer curriculum. The demand far exceeds
the supply. The demand for these persons is such that they
command a starting salary ten to fifteen percent more than
their non-computer oriented colleagues. The problem was
so acute this past spring that some schools included in the
recruitment package the rank of associate professor, instead
of the normal starting rank of assistant professor.
The only way to meet the critical need is for the
existing faculty to acquire a proficiency in this field.
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However, faculty members are continually re-tooling, just
as the factory laborer confronted with automation must
re-tool. Keeping abreast of new developments in his field of
specialization is difficult enough, without adding to the
academician the burden of becoming proficient in
computing technology, He must be convinced of the
importance of such knowledge to give it high priority
among re-tooling needs. In keeping with the tradition of
academic freedom, deans are reluctant to require such
priority. Instead they try to establish ways to facilitate the
acquisition of computer proficiency. A variety of
approaches to faculty education have been used: special
faculty seminars, computer manufacturer's courses, leaves
of absence for study at other universities, and grants for
developing programs for educational uses.
Although anyone of these approaches, or a combination of approaches, might appear to reach a minority of
the faculty, the multiplier principle quickly expands the
educational effect in several ways: 1) Through observation
of the more frequent and lucrative consulting opportunities
for computer-oriented colleagues, faculty members are
induced to acquire computer proficiency. 2) The influence
of the computer-oriented faculty member on his students
has widespread effect also. For example, in three of the
leading schools, the top computer academicians were
proteges of Professor Elwood Buffa of U.C.L.A. - a strong
advocate of the use of the computer in his field. 3) Faculty
members are provided the incentive to acquire computer
proficiency by computer-oriented students. One of the
faculty members at Pennsylvania resisted computer involvement in his courses, explaining to his colleagues, "This is

a vocational technique, which should be acquired On the
job." Despite his colleagues' inability to dissuade him, a
student who had completed a programming course was able
to change his perspective. The student was a member of a
class assigned a particularly difficult problem. Previous
classes had required 20 to 30 hours to derive a solution so
this class was given a two-week deadline. When the student
asked if he could write a computer program and use the
computer for the solution of the problem, the professor
condescendingly agreed, warning that the two-week
deadline still had to be met. When the student arrived at
class the next day with the correct solution, the computer
field gained a convert.
4.2 Computer Costs
Although computer cost is not the major restriction in
development of computer curriculum, it is a significant
factor. Deans have considerable difficulty in convincing
university administration of the need to increase the school
of business budget for computer use.
'For schools without the financial resources for their
own computer, effective computer curriculum is still
possible. The research showed that students can be taught
fundamentals and programming with computer costs as low
as $15 to $20 per student, by computer processing only
half of the programs each student writes. Business games
can be run on the computer for costs of $3 to $5 per
student. The courses in computer-based management
information systems can be taught without incurring any
computer cost. Likewise, computer applications can be
taught in the functional areas without the use of a
computer. Sophistication in any of these areas necessitates
a larger computer budget and, without question, provides a
much greater educational benefit.
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Therefore, the four areas of computer technology can
be incorporated into the required curriculum for a
computer processing cost of $18 to $24 per student
However, in schools where the four areas of compu ter
technology has been adopted in the required curriculum
the computer processing costs ranged from $70 to $515 pe;
student.
The significant difference in computer cost per student
among the schools is consistent with the significant
difference in total school of business budget, the latter
ranging from $435 to $7,000 per student per year. Despite
this variation, the low budget schools are doing a creditable
job in educating students concerning the computer.
5. THE NEXT THREE YEARS
What is in store for schools of business during the next
three years? A visit to Dartmouth provides insight in
answering this question. Time-sharing has been a way of life
at Dartmouth for five years. Students are frequently at
remote terminals (teletype input/output devices linked to
the computer), performing daily homework assignments or
working on term research projects. In evidence there is a
tremendous motivational effect for students in the process
of developing logical solutions to problems and receiving
immediate evaluation of their solutions.
Visual display devices should greatly improve student
motivation and quality of instruction. Some of the
classroom uses of these devices, as projected by Professors
George Brown and Arthur Geoffrion of U_C.LA. are:
1. Linear Programming: with a simplex tableau displayed
on a Cathode Ray Table (C.R.T.), the manipulations
according to the simplex method could be "stepped
through" by the student.
Various levels of student" participation would be
possible, from a single instruction, which initiates an
entire iteration (subsequentially displayed to reveal the
various substeps), to detailed instructions such as
"Multiply row 5 x 2," which would enable the student
to practice the logical aspects of the algorithm without
the drudgery of numerical computations,
2. Game Theory: the student could playa matrix game
with a computer as his opponent, before he is
introduced to the concept of minimax strategy. The
computer would be programmed to use the minimax
strategy during the play, displaying a running score the
C.R.T. Then the minimax would be explained. The
improvement in performance during the next play with
the computer would greatly enhance the learning
experience.

3. Inventory Theory: the student could operate (through
an I.B.M. 1050 -terminal, or similar device) a simple
inventory system, with the computer generating
stochastic demands and costs. Then the system could be
modeled on paper to derive -an optimal decision rule.
The student would repeat the play, using the decision
rule to see the improvement over his previous heuristic
method. This approach would greatly facilitate the
education of the student on the usefulness of a
tractable mathematical model.
4. Queuing Thesry: the student could watch (via C.R.T.) a
simple queuing system start up and approach steady
state several times. He would then model the system on
paper to derive some of its operating characteristics.
The student would observe how closely the theoretical
operating characteristics are realized - giving him a

feeling for what can be expected of a statistical
description of a system. After the analytical topics were
covered, some of the key ideas of simulation could be
explained with this simulation program.
5. Discrete Parameter Markov Chains: by displaying a
Markov graph on a C.R.T. with transition probabilities
labelled on the arcs, the student could observe its
sequential operation with the current state of the
process being indicated by the position of a.bright spot.
Numerous concepts relating to Markov chams and their
applications could be vividly demonstrated in this way.
6. CONCLUSION
Modern management is often heavily involved in the use
of computers. If the universities are to be at the forefront
in management education, immediate action is necessary.
The experience of these progressive schools should serve as
a means for other schools to leapfrog the slow, evolutionary
process in developing a proper computer curriculum.
37 SCHOOLS OF BUSINESS INVOLVED IN THE STUDY
Harvard University
Carnegie-Mellon University
University of Wisconsin
University of Texas
Florida State University
University of Florida
University of California at Los Angeles
Stanford University
University of Pennsylvania
Dartmouth College
Tulane University

University of Hawaii
Tulsa University
University of Missouri (Columbia)
University of Missouri (St. Louis)
University of Idaho
University of Iowa
Montana State University
Marquette University
San Francisco State College
University of South Dakota
Seattle University
University of Connecticut
Miami University
Oklahoma State University
Louisiana State University at New Orleans
Atlanta University
Indiana State University
University of Arkansas
Southern Illinois University (Carbondale)
Southern Illinois University (Edwardsville)
University of Michigan
Clarion State College
Eastern New Mexico University
Phillips University
Weber State College
Oral Roberts University
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I.

BACKGROUND OF THE MANAGEMENT INFORMA·
TlON SYSTEMS PROGRAM

The Management Information Systems program is part
of the School of Business Administration at the Universitv
of Minnesota. The University is one of the largest state
Universities in the United States with a total of 50,000
students on all campuses and 43,000 students on the main
campus, divided into 35,000 undergraduates and 8,000
graduate students.
The School of Business Administration, one of the
colleges on the Minneapolis campus, has been in operation
for 51 years. It has education in business administration for
undergraduate students who have successfully completed
two years of college studies. The School also offers work
toward Master's and Ph.D. degrees in the Graduate School
of the University. A special evening Master's program is
available for young executives. Approximate enrollments
are:
Candidate for Degrees
Bachelors
925
360
Masters, regular
Masters, evening
450
Ph.D.
80
The School of Business Administration has 55 faculties and
the following research centers.
Center for Experimental Studies in Business (behavioral)
Industrial Relations Center
Management Information Systems Research Center
A graduate student may major in one of several fields in
business administration.
Accounting
Marketing
Business Finance
Production
Industrial Relations
Quantitative Analysis
Management
Risk Management and
Insurance
Management Information
Transportation and Business
System
Logistics
The Management Information Systems educational and
research program was started at the University of Minnesota
in September, 1968. It has the following elements:
a. Graduate level edueation
b. A research center - The Management lnfonnation
Systems Research Center
e. An arrangement for interaetion with MIS practitioners
d. Computer facilities configured to facilitate the edueational and research aetivities
The enrollments at the end of the seeond year of the
MIS educational program are:
Masters
30
Ph.D.
20
2. GRADUATE STUDY IN MIS
The objectives of the Master's and Ph.D. educational

program are different. The objective of the MIS Master's
degree program is to provide an educational background for
embryonic information systems executives or high level
information systems specialists. The objective of the
doctoral program is to provide educational and research
background for individuals of high educational performance
who intend to take positions involving university education
or MIS research.
The graduate study in MIS is imbedded in the study of
administration in the School of Business Adminstration. All
candidates for graduate degrees in Business Administration
are required to demonstrate understanding in tools areas
and underlying disciplines basic to administration and some
understanding of the functional areas of business. This
understanding is usually demonstrated by coursework in
these subjects.
Tools and underlying disciplines
Economics
Accounting
Statistics and operations research
Mathematics (calculus)
Behavioralscience
Functional areas of business
Management
Finance
Marketing
Industrial relations
Production
If a student does not have this background as an
undergraduate, he must do remedial study to correct the
deficiencies.
The Master's degree with a major in MIS has four
elements (assuming the pre-requisite background has been
met):
Major in MIS
(27 credits - 9 courses)
Related field in business
18 credits - 6 courses
Field outside business
Plan B papers
The University is on the quarter system and most
courses are 3 credits. The Master's degree is therefore 45
credits plus 3 plan B papers. These papers are major papers
written under the direction of professors from whom the
student has taken courses. The typical time for completing
a Master's degree is 4 to 6 quarters.
The Ph.D. degree is awarded to a student who
completes the following:
Written Examination in MIS
Written Examination in related field in business
Requirements of a minor in field such as Psychology,
Sociology, Economics, or Mathematics
Language examination
Research methodology
Doctoral Dissertation
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Oral Examinations
The degree has a research emphasis but most doctoral
candidates become involved in some teaching either as
teaching assistants or as instructors of undergraduate
courses in computers.

The structure of the MIS courses is shown by Exhibit 1.
These courses do not .attempt to train a technician. Rather,
the emphasis is on obtaining sufficient technical knowledge
to be able to supervise technical personnel and on obtaining
the breadth of knowledge and the perspective required by
the information systems executive. In keeping with these
objectives, students gain a working familiarity with major
programming languages.
Course
Language
209A
FORTRAN and BAL
209B
COBOL
219
GPSS
The languages are normally taught as an adjunct to the
course with a laboratory instructor being responsible for
the programming language.
Major problems in implementing the new program have
been the lack of good teaching materials and the lack of
qualified instructors. Also, MIS is a very expensive
curriculum because of the extensive equipment support
required.
During the 2-year period of development, Minnesota
has been able to draw upon personnel from the computer
industry in Minnesota (CDC, UNIVAC, IBM, large users,
etc.) to assist in instruction. This has been accomplished by
pairing a faculty member with an outside expert to obtain
the required combination of skills.
Course materials require considerable time to prepare.
We have generally tried to use existing materials until we
could develop new, more appropriate texts, problems, etc.
In this connection, there have been several developments
worthy of note.
a. SIMBAL- Educational software which allows the
teaching of Basic Assembly Language without requiring
too much detail. The system is written in FORTRAN to
run on any computer with a FORTRAN compiler.
b. DETAB - This COBOL-based decision table processor
has been implemented for use by students.
c. A problem-oriented approach to teaching COBOL has
reduced the time required to teach the COBOL
language' and has made the COBOL instruction into a
vehicle for explaining principles of programming in a
business envirorunent.
d. A modular approach to exercises in the teaching of
software. This approach allows the student to write an
assembler or compiler using pre-written modules which
reduce the total coding required of the student.
e. Use of a simple file management system for work in file
management.
Most of the educational material is being published by
commercial publishers, Some of it is available in the draft
form currently in use for MIS courses.
3. THE MANAGEMENT INFORMATION SYSTEMSRESEARCH CENTER
The Managernent Information Systems Research Center
(MISRC) was established to focus research effort in
management information/decision systems. The first of its
type, the Center provides research support, both facilities
and funds, for faculty and graduate students engaged in
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research related to management information systems. The
Center maintains a close and continuous interaction with
the business community.
The research efforts of the Management Information
Systems Research Center are directed toward both the
development of underlying theory and investigation which
has immediate application. Because of the interdisciplinary
nature of the problems, persons from various disciplines
such as economics, statistics, psychology, sociology, etc.
join in the research work of the Center.
The current and projected research program of the
Center encompasses major areas:
I. Analysis, design, and evaluation of management
information systems
2. Computer-assisted. planning and decision making
3. Management and control of the information systems
4. Behavioral problems in man/machine information
systems
5. Educational software and computer-assisted instruction
6. Management information systems in higher education.
The last research area is an attempt to apply the
expertise of the Center to the problems of the University.
This is being done in the context of a program planning and
budgeting system.
The Research Center has a staff of 25 composed of 5
clerical. and support personnel and 20 part or fulltime
researchers. Many of these are graduate students in MIS.
4. THE MlSRC ASSOCIATES - PROVIDING INTERACTION WITH MIS PRACTITIONERS
In an applied field such as management information
systems, research should not be divorced from the realities
of the problems to which it is addressed. Twenty large
companies having complex and large-scale information
requirements were invited to participate as Associates of
the Management Information Systems Research Center.
The Associate companies, although headquartered in
Minnesota, are national or international in their operations.
The companies are devoting substantial resources to their
computer-based information systems - ranging from
$100,000 to over $2 million per year. Each Associate
company pledges financial support for a 3-year period. The
company appoints a representative who directs his
company's participation in the research program. This
representative attends research planning meetings, directs
research contacts with his company, provides research
evaluation as viewed by his company's experience, etc.
The objective of the Associates program is to provide a
vehicle for relating the research efforts of the MISRC to the
problems of the business organizations and for relating the
experience and needs of business organizations to the
researchers in the Center. The result of this interaction is to
improve both the relevance and quality of the research
being performed. Also, without the: additional resources
which have come from the Associate program, neither the
Research Center nor the educational program would have
been possible.
.
The MISRC Associates are:
Cargill, Inc.
Dayton Hudson Corporation
First Computer Corporation
First National Bank of St. Paul
General Mills, Inc.

Gold Bond Stamp Company
Great Northern Railway Company
Theo. Hamm Brewing Company
Hoerner Waldorf Corporation
Honeywell, Inc.
International Milling, Inc.
Minneapolis Gas Company
3M Company
Northern States Power Company
Northwestern Bancorporation
Northwestern National Life Insurance Company
Paper Calmenson & Company
Pillsbury Company
St. Paul Companies, Inc.
Soo Line Railroad
5. COMPUTER FACILITIES TO FACILITATE EDUCATIONAL AND RESEARCH ACTIVITIES
The MIS program requires good access and substantial
use of computers. The University of Minnesota has a
number of computer systems devoted to teaching, research
and administration. For the student in Management
Information Systems, the two most important systems are
the Control Data 6600 and the Control Data 3200
computers.
The CDC 6600 is one of the most powerful large-scale
computer systems in service. Operated by the University
Computer Center and located five miles from campus, the
6600 is the main University computer for teaching and
research purposes. The configuration includes extended
core storage, magnetic discs, magnetic tapes, standard
peripherals plus a graph plotter and an electronic beam
recorder.
The CDC 3200 is a medium-scale realtime computer
located adjacent to the Management Information Systems
Research Center. It is a disc-oriented system with reader
and printer plus CRT display" devices. The system is
connected over communication lines to the CDC 6600,
thereby providing a very advanced and extremely powerful
facility. The system will support three types of computer
activity by operating either on-line to the 6600, offline as a
stand alone unit or simultaneously in both modes.
Stand alone as a training environment for "hands on"
hardware, software and systems work by students and
faculty in MIS
Stand alone as a controlled man-machine environment
for research purposes
Online to the 6600 as an input/output station for
sending and receiving problems to be run on the 6600.

There are a number of other computer systems which
are available on a limited basis. These include an IBM
360/30, IBM 360/50, IBM 1130, IBM 1620, CDC 1604,
CDC 3300, and a hybrid computer. In addition to
University computers, IBM, UNIVAC, and CDC have
extensive service bureau facilities in the Twin Cities. There
are also several time sharing companies serving the Twin "
Cities.
6. THE PROBLEMS OF
PROGRAM

IMPLEMENTING

A MIS

Innovation is always costly and the MIS program has
had problems caused by the fact that it was new. The major
problems are;
I. Faculty. There are no existing faculties with Ph.Ds who
have been trained in MIS. The MIS faculty at Minnesota
had worked for several years to develop the expertise to
begin the program. During this period of development,
we have been able to draw upon the local computer
industry to supplement faculty expertise and this
allowed us to begin a comprehensive program with a
fairly small faculty. Recruiting of additional faculty has
been difficult because very few universities have
anything even reasonably close to the depth of MIS
instruction and research required to train faculty for
teaching and research at Minnesota. Nevertheless, we
have developed a good set of faculty and the doctoral
students graduating from Minnesota will have the
capability to set up similar MIS programs elsewhere.
2. Teaching materials. There are a large number of texts
for introductory courses, but few texts for the
advanced courses. There has been a substantial use of
articles, papers, manuals, and other supplementary
teaching materials during the early development of
courses. After this initial experimentation, text material
has been developed. Texts are currently in production
for 3 of the 8 courses in the first and second level.
3. Expense. The MIS curriculum is expensive. It has
required substantial computer support, extensive course
development, and a large number of lab instructors,
teaching assistants, etc. Another school building on the
Minnesota experience might be able to reduce the total
development cost, but even the continuing support
requirements tend to be substantial.
An interesting sidelight is that we have had a large
proportion of the Master's candidates who have expressed a
desire to continue for a Ph.D. Tills probably is a reflection
of the research orientation and the sense of educational
innovation in the program.
In summary, the result of the first two years of the MIS
program have been excellent. It will probably set the
pattern for new MIS educational programs in the U.S.
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Figure 1.
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I. WHAT IS COMPUTER MANAGEMENT?
A company, or any other organisation for that matter,
is concerned with the use of resources in order to achieve
certain ends. This involves a series of processes, which are
co-ordinated and controlled by data, from within the
organisation and from its external environment, processed
into information. Thus information is itself a second-order
resource, upon which the organisation is crucially
dependent for its success.
A computer is a machine which can store large volumes
of data and process them at very high speed. Hence the
computer can aid the company to improve its information
processing system. If it is directly linked to materialprocessing machines, its use can be extended to production
functions as well. But in whatever way the computer is
used, it is not an end in itself, but a means to an end. Its use
is only justified if it can assist the company to achieve its
ends more effectively. Hence the basic problem of
computer management is not maximising the use of
computer resources, but improving the company's performance. This can only be achieved through planning.
2. THE PROBLEM OF PLANNING
Garrand (1967) reporting the results of a detailed
survey of.20 Australian computer installations, stated:
'there is nothing in the sizes of the organisations... their
geographical spread ... their diversification (or lack of it)
which seems to relate to success. However, a strong
correlation undoubtedly exists with factors in planning."
(p.3)
Diebold (1964) outlined what he felt were the major
factors deterring companies from using computers effectively:
"Inadequate planning, mostly parochial rather than
company-wide in scope.
"Not enough fresh thinking, and too much reliance on
canned approaches.
"Selection of the wrong people to plan the installation
i.e. technical specialists who fail to acknowledge or even
appreciate their limited understanding of business practice.
"Over-emphasis on hardware, and under-emphasis on
the design of comprehensive systems."
To these specific planning weaknesses may be added a
further one, suggested by Garrand (ibid):
"Organisations which have basically accepted the
computer as a management tool rather than as a magic
cure-all for all ills or an advanced bookkeeping machine
have in general treated the installation of their computer
with the same degree of care in planning and controlling as
they would any other project of similar equivalent capital

value. Project management, in which there is a firm
completion data, and no opportunity to learn from
experience... has many differences from line management.
It is clear that the less successful companies are those which
have failed to make this distinction."
By analysing these conclusions, it is possible to draw up
a set of desirable criteria by which the quality of planning
may be evaluated:
2.1 A corporate-wide view, which sees each department or
function in a company, not as an end in itself, but as a
means to the end of effectively achieving the company's
objectives.
2.2 Thinking which is both critical and imaginative, able to
assess accurately the real probable value of suggested
innovations, and to perceive ways of adapting and
developing them to suit the company's needs.
2.3 Careful selection of those concerned in planning, to
ensure that they are able to apply the points of view
suggested above, and have the knowledge and skills
necessary to draw requisite information from sources
both within and outside the company.
2.4 An awareness that the real value of the computer to the
company is not so much a function of its capacity, but
of the efficiency of its applications.
2.5 A view of the overall planning task as that of making
and implementing an investment decision of considerable size and importance to the future success of
company operations, within real-time limitations and
the limitations of the information available at the time
the decision is taken.
Computer planning, therefore, depends on awareness of
three elements:
(a) The nature of the company, its aims, its operations, and
its likely patterns of future development.
(b) The nature of the business environment within which
the company operates, the changes that are likely to
occur in it, and the way these affect, and are likely in
the future to affect, company operations.
(c) The nature of the computer, its strengths and its
limitations, and the ways in which the computer may
be 'used to improve the effectiveness of company
operations.
Although planning precedes the installation of a
computer, its efficacy is a function of the degree to which
it takes into account the management problems which will
emerge once the computer is installed. By concentrating on
the planning process, it is therefore possible to draw
attention to the major problems of computer management
in an overall sense. The problems which emerge after the
computer has been installed are those which the planning
process has or should have taken into account. Remedial
action is most often a matter of examining and revising the
original plan.
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3.

A
SPECIFICATION
FOR
MANAGEMENT EDUCATION

COMPUTER

In the light of the conclusions quoted in the previous
sections, it is possible to define a specification for computer
management education.
It should be based on carefully selected material which
will be applicable to companies, the environments in
which they operate, and the possibilities and limitations
.of e.d.p. facilities in company operations.
It should be arranged in such a way that it develops the
manager's capacity for conceptual thinking which wiII
be both critical and imaginative.
It should develop in the participant an ability to view
the company in an overall sense, as a dynamic open
system interacting with a complex surrounding environment.
It should develop in the participant the capacity to seek
and utilise relevant information, and to cummunicate to
others in the company his own attitudes and views in
effective ways.
One of the particular problems to which attention is
often drawn is the communications gap which exists
between computer and non-computer staff. Diebold, in the
statement quoted above, accuses systems people of being
insufficiently aware of business management needs. Manysystems people will make the counter claim that other
executives show insufficient awareness of the problems of
the e.d.p. section. Computer management education should
therefore take this major problem into account, providing

specifically for improvements in communication between
computer and non-computer staff.
How then, is it possible to provide a learning situation
which will meet the specifications suggested above" The
weakness of the "computer appreciation" approach is that
it only solves part of the problem. It does not offer the
chance for participants to come to grips with the wide
range of problems which are relevant to management. But
how is it possible to devise a more satisfactory alternative?
4_ DESIGNING THE LEARNING SITUATION
Educational design usually concentrates on the input
process. That is to say, the educational programme is
viewed as a series of presentations of material to the
student, whether in the form of notes, lectures, slides,
films, tape-recordings, or a combination of these.
This often assumes a theory of education which closely
parallels the Aristotleian theory of drama. The lecturer or
educator defines a complex problem or series of problems
to the student, and then demonstrates the appropriate
solution or method of finding a solution. The success of the
process is seen as a function of the degree to which the
student can reproduce the solution. This is regarded as a
sign that he has understood and can apply it.
There are several reasons why this is not applicable to
the present problem. In the first place, if it is true that the
criteria proposed above constitute solutions, they are not
the sort of solutions which can effectively be presented as
inputs, because the major difficulty for the executive is to
see how they can be applied to his specific in-company
problems, and satisfactorily implemented. Also, they are
open-ended solutions, which may be applied in many
different ways depending on a complex range of
considerations peculiar to a given company at a given time.
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The difficulty is not so much one of problem-solving, but
of problem-structuring. The executive must develop his skill
of analyse the problem in such a way that he wiII arrive at
an appropriate solution.
It is necessary therefore, to provide a learning situation
which will act as a stimulus to the creative application of
the ideas presented, and will also offer ample opportunity
to practise the commmunication skills involved. Hence the
emphasis in designing the programme needs to be placed,
not on the input of materials, but on its processing by the
participant, in a situation which will stimulate his
problem-solving capacities.
This can be done by utilising an open-ended case study
approach, in problem-solving syndicates. A case study is
designed as the basis for tasks which are set to the
participants as problems to be solved. By non-directive
monitoring of syndicate discussions, coupled with frequent
review sessions at which the results of a number of
syndicates are compared and discussed critically, the
exercise may be directed in a way which will allow
participants to develop imaginative approaches to the
problems presented.
5. AN EXERCISE
EDUCATION

IN

COMPUTER

MANAGEMENT

This exercise was devised by a committee comprising:
Mr. K. J. Burns, B. Eng. (Metallurgy), M.B.A. (McGill),
(Systems Development Manager, Alcan Australia Limited);
Mr. B. L. 1. Hart, (Personnel & Training Manager, I.C.L.
(Australia) Pty, Ltd.); Mr. J. E. Marr, (Manager, Computing,
Sydney Stock Exchange); Mr. P. W. D. Matthews, M.A.
(Oxon.), (Staff Tutor, Department of Adult Education,
University of Sydney); Mrs. Enid O. Wilson, M.A.,
A.B.Ps.S., (Director, Australian Institute of Industrial
Psychology); and the author. The committee also formed
the directing staff for the exercise. which was held under
the auspices of the Sydney University Extension Board.
The exercise on which this paper is based brought
together experienced executives from a range of Australian
companies. They were placed in a situation in which they
had access to a wide range of information about computers

and computer management, and were given the task of
planning for a computer installation for a fairly typical
Australian company, for which a model had been prepared.
The programme arrangements isolated them from the
pressures and prejudices which might have limited the range
of their thinking within their own companies. It was also

made clear throughout the course that is was not designed
to persuade them to accept computers as a desirable or
necessary adjunct to company operations. Rather, they
were encouraged to look critically at the uses and
limitations of e.d.p., and to determine under what

circumstances and in what ways c.d.p. facilities might make
a worthwhile contribution to company operations.
The hypothetical company designed for the purpose of
the exercise, "Whitegoods Ltd.", was a manufacturer and
distributor of a wide range of electrical consumer durables:
stoves, refrigerators, washing machines and air-conditioning
equipment. Its manufacturing plants were located in
Sydney and Melbourne, and its distribution network
embraced the whole of Australia. The company also had an
industrial division supplying goods to large-scale building
projects and industrial concerns. The information from
which it was built up was supplied by confidential sources

in a number of firms. This type of company was selected
because its size and the complexity of its operations could
be used to advantage in bringing to light the problems
of computer management planning, without placing undue
emphasis on technical problems specific to a given industry.
As well as the detailed company model, intending
participants were provided with basic material about e.d.p.,
and a set of readings in computer management. This
information input was supplemented on course by lectures
and films relevant to each phase of the exercise. A small
library of reference texts which had been len! for the
exercise by publishing houses, was also available to
participants.
The e.d.p. executives who attended the course were not
only concerned to stengthen their own ability to appreciate
the points of view on non-e.d.p. executives, and to
communicate effectively with them, they were also able to
provide information about computers and so reinforce the
written information provided on course.
Hence the stimuli to group thinking which were utilised
in the exercise came from a variety of sources ~ the

material

pre-distributed

available to them

011

to

participants,

the

material

course, the range of experience in

company operations of all the other participants, and the
particular expertise of the computer personnel present.

The task of the directing staff was to facilitate the tasks
set to the syndicates by a series of memos. This necessarily

involved playing a non-directive role, as far as possible,
during the syndicate sessions. The progress of each
syndicate was carefully monitored by observation, and
where syndicates were pursuing lines of enquiry which It'd
away from, and not towards, a better understandingof the
field, it was usually possible through careful questioning to
guide discussion back on to more fruitful lines.
The syndicate tasks were-carefully set so as to maximise
as far as possible the opportunities provided for crca tive
approaches to the problem. It was stressed that management problems, by their nature, do not allow of one easy
and correct solution. There are many possible ways of
devising solutions, and a wide range of solutions may be
valid to anyone problem.
Each phase of syndicate sessions ended with the
preparation of a report which was presented to a review
session in which all participants and the directing staff were
present and contributed to discussion. At the review
sessions the role of the directing staff was a more positive
one. Through constructive questioning and criticism they
attempted to lead discussion to an examination, in an
objective way, of the strengths and weaknesses of each
report. Each review period also contained a period in which
the syndicate members were led to evaluate the processes
by which they had arrived at decisions, and the efficacy of
their individual contributions.
6. CONDUCT OF THE EXERCISE
The exercise was held in three phases, termed Exploratory, Planning and Implementation. For each phase
participants were split into small-group syndicates, each of
which was assumed to be a planning committee set up
under the chairmanship of the managing director, who was
nominated by the directing staff. These committees were
assumed to be working in "real-time" in a real company
environment. They could seek further information about
the company by memo, and were expected to meet the

deadlines set by the Chairman of the Board in his
memorandum.

In the first phase it was assumed that the Board of the
Company was considering whether of not to "move
towards e.d.p.". Each planning committee was asked to
submit a report setting out its "views and recommen-

dations" with respect to e.d.p., for the Board's consideration.

The briefing session at the beginning of the phase
directed the attention of the syndicates to analysing the
sort of considerations which would be relevant to the
decision to use e.d.p. in this company. It was stressed that
syndicates should carefully examine the company as a
whole, the ways in which the use of a computer might
benefit it, and the evidence which would be relevant to
assessing the degree of benefit. Each syndicate was to draw
up a statement of recommended policy to guide the Board
in its decision.

At the beginning of the second phase it was assumed
that the Board had made a decision, in principle, in favour
of moving towards e.d.p. The syndicates now had before
them the three policy statements which they had drawn up
in Phase I. Membership of syndicates had been changed,
and different participants had been nominated managing
directors. Their first task was to draw from the original
statements a definitive policy, and then to devise in outline
a plan to implement it. It was stressed that planning of this
nature is essentially a cyclical process, in which a series of
progressively more detailed plans are drawn up as the
company proceeds towards installation.
The third phase, the implementation phase, is essentially one of consolidation, during which syndicates, which
have once again been re-sorted,arc invited to examine more
closely the problems involved in the implementation of the
plans which they have drawn op. On the first exercise, they
were asked to examine a range of specific problems:
(a) Desirable changes in the organisation and ways in which
these might be implemented.
(b) Conversion problems.
(c) Staffing, including job specification, selection of staff
and staff training.
(d) Physical requirements of the installation.
In the second exercise, a more general approach was
used, by asking the syndicates to review their plans
examining the decisions which the plans required at each
stage, and their likely consequences in terms of further
decisions. Because of the open-structured nature of the
exercise the specific tasks set for the implementation phase
are not decided until the end of the preceding phase, when
it is possible to assess the progress which has been made and
to devise appropriate consolidation.
Although the main part of the exercise consisted of
syndicate and review sessions, the programme contained
other items as well. Two films were shown in Phase I, one a
documentary on "Electronic Computers in Commerce", the
other a feature film "Twelve Angry Men" which was
included to draw attention to processes of decision-making
in small groups. In Phase 2 a discussion seminar on "The
Problem of Planning" was led by Mr. J. Marr. In Phase 3
Mr. R. Maher, Research and Development Manager of the
Australian Cas Light Company, presented a lecture on
"Managing the Computer-Oriented Firm". As well, a period
was set aside in the middle of the planning phase, on
Sunday afternoon, for participants to write their individual
impressions of the exercise as it had proceeded to that time.
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7. EVALUATION
While a strong theoretical case can be made out for an
exercise of this nature, it must be tested in practice. The
exercise has been conducted twice, once in September,
1968 and the second time in May-June, 1969. At the first
course there were twenty participants and at the second
course fifteen. Each group ranged from chief executive of
small to medium Australian companies to relatively junior
personnel, evidently chosen for their promise. The bulk of
participants, however, came from the senior ranks of
operational managers.
Companies tended to select personnel from administration and fmance functions, while production functions
were underrepresented, and personnel functions not
represented at all. On the other hand, the companies
represented were most diverse, both in size and in type of
industry, and this made possible a sharing of management
experience which is an incidental benefit of a course of this
nature.
When the exercise was first envisaged, a maximum of
thirty-six participants was proposed for it. With smaller
numbers, it has been possible to work in a much more
individual way with each participant, and this has probably
contributed to the success of the exercise.
Various kinds of evidence have been taken into account
in evaluating the exercise, much of the material being
necessarily derived from observation of the behaviour of
participants. The impressions of directing staff have been
supplemented by written reports from participants, and
questionnaires filled in before and after the course.
The results obtained indicate that participants find
some difficulty in the initial stages in adjusting to the
exercise. The effect bears some similarities to the
phenomenon of initial dependence noted in T-group
training, being. marked by attempts to transfer the
syndicate problem-structuring task to directing staff
members. This stage typically lasts for the first couple of
sessions, and is followed by a swing to counter-dependence,
a state in which the syndicates, having accepted task-responsibility, tend to resist suggestion from the directing
staff. For this reason it has been found necessary to provide
more frequent review sessions, to allow the directing staff
to influence discussion more effectively.
The motivation of participants is high and is sustained
throughout the exercise. This is reflected in the fact that
syndicates will often hold extra meetings on evenings left
free, and tend to discuss the exercise problems enthusiastically during most of their spare time.
There is general agreement among participants that the
exercise has a high degree of transfer to types of companies
other than the one in the exercise model. Exercise
participants who have expressed this view have come from
firms as diverse as a large-scalemanufacturing organisation,
a leading bank and a totalisator administration board.
At the conclusion of the exercise, most participants are
highly enthusiastic. This "post-exercise euphoria" is a
phenomenon noted generally and widely used as an index
of the success of management training, though it is a rather
dubious one. In order to obtain more reliable indices, the
participants were issued with questionnaires to fill in
relating to the exercise objectives both before and after the'
course. The questions were similar in both questionnaires,
in an attempt to measure changes in the thinking of
participants. The results of this procedure were vitiated by
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the reaction of some participants that this was, in part, a
covert attempt to induce self-criticism or criticism 'of their
companies, but some general conclusions emerge quite
strongly, both from the questionnaires and from later
personal interviews with participants.
Participants agree that the exercise is of considerable
benefit, from the point of view of general management
principles as well as computer management. A check
question to this, which enquired whether participants felt
that other members of their firms would benefit from the
course, was answered in the affirmative, except where it
was inappropriate.
There is a general trend towards more systems-oriented
thinking related to the company as a whole, rather than
technique-oriented thinking related to the participant's own
function or department.
Participants feel more confident that they are able to
contribute effectively to discussions and planning in this
field. They feel that they have acquired greater understanding, though they find it hard to specify this further. Some
more sophisticated participants refer directly to improvements in interpersonal or communication skills.
It was the impression of the directing staff that there is
considerable variation in the degree of benefit obtained
from the exercise. Partly this is a matter of temperament.
Individuals vary widely in the degree to which they can
accept and implement new ideas. The assumption made
before the exercise was that older executives would tend to
benefit less because of this factor. This was found to be
incorrect. Senior executives who had exercised widelyranging responsibilities for a number of years tended to be
quite often more responsive to the ideas presented than
younger executives in general. The exercise also demonstrated that there was considerable need for systems
personnel to become more closely acquainted with the
ways of thinking of other company executives.
The directing staff found that the exercise made
considerable demands on their ability to influence
interpersonal communication and exercise constructive

leadership roles.
Apart from the direct results of the exercise, it has
acted as a stimulus to the thinking of the directing staff in a
number of ways. It is hoped to publish a series of papers
dealing with the insight gained in specific fields such as, the
nature of the planning process in management, small group
problem-solving, and the complex learning situation.
Members of the directing staff are far from convinced
that the exercise as it now stands is optimally effective. It is
felt that by a continuous refinement of the materials and
methods involved, much more can be done to stimulate
conceptual thinking, and improve the degree to which the
results of the exercise can be translated into more effective
application by the participants ..
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I.

[NTRODUCING COMPUTER SYSTEMS AND THE
MANAGEMENT OF CHANGE

computer time and the return on capital required to

The decisions on strategy must be taken at board level
and should define the outline objectives, time scales, costs
and estimated benefits. It is at this point when a new
computer system is examined, or extension to an existing
system is proposed that the overall strategy should be
considered. Should the board decide the overall objectives
with top management handling the detailed implementations or should the board state the board principles only,
leaving the application to the individual operating managers
who will then define the overall objectives in terms of their
own operating units? Practical experience shows that more
effective results are obtained if operating managers are
given the freedom to define their own information
requirements within the broad framework of the overall
systems configuration.
It is often at this stage that there is a confusion between
the initial decision to introduce a computer system and the
detailed work necessary to achieve effective implementation. A recent survey shows that very often after the initial
decision has been taken, there is a considerable hiatus and
lack of any further progress." There appears to be
considerable difficulty in the follow-through from the
initial decision to the actual work involved in implementation. The survey mentioned previously also shows that
success is dependent on wholehearted commitment and
involvement of line management from the start. The key to
successful introduction is to be found in developing the
right relationship between line management and the
systems team.

justify the financial investment in staff, equipment and
systems development.

4. THE NEEDS OF THE LINE MANAGER

The management of data processing systems depends
not only on the correct technical configuration of hardware
and software, but also on the adequate training and
understanding across the organisation of the problems of
change associated with the introduction of computer
systems.
Available evidence shows that the righ t technical
configuration only is no guarantee of results. Likewise
training in the technical data processing skills of systems
analysis and programming is 110t by itself adequate to
ensure success. This short fall in achievement highlights the
need to identify the problem areas of organisation, human
relations and communications.

The successful introduction of computer systems is
therefore based on five main factors:

-

3. DEC[SIONS ON STRATEGY AND TACTICS

The selection of the right processing staff.
The identification of the correct technical configuration
of the hardware and software for the proposed
computer system.
An analysis of the training needs associated with the
technical and managerial aspects of systems design and
introduction.

An understanding of the human problems associated
with the introduction of change.
Reconciling the needs of operating management with
that of ensuring the most effective utilisation of

2. THE PURPOSE OF THE FEASIB[LlTY STUDY
The objectives of the feasibility study may be defined
as follows:
To identify and analyse the systems and procedures of
an organisation where a computer and its associated
equipment can be beneficially employed.
To relate these proposed computer applications to the
time scale needed for their effective implementation.
To indicate the outline systems concepts and the
required resources needed to achieve these concepts in
the time scale laid down above.
To specify the computer configuration in terms of
hardware and software needed to achieve the proposed
systems concepts.

If line management is to be committed to the
introduction of computer systems and the additional work
that this involves, then it must be clearly shown that such a
system will provide for management more timely, accurate
and meaningful information.
The approach to systems design is of considerable
importance. The basic approach should be to start where
there is the biggest pay-off, unless there is a very strong
argument for saying that the most urgentneed is togive the
data processing team the opportunity of building up their
own confidence.
This situation should only exist within an organisation
which is introducing computer systems for the first time.
Time pressures may demand converting the existing system
if sufficient basic data is available. This approach involves
the minimum of dislocation and cannot be overlooked; on
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the other hand, the opportunity should be taken for a
fundamental questioning of the kind of information that
management needs. Management must define the problems
they face. A computer is not a magical last resort that is
going to solve management problems overnight. The cost
savings in many cases will undoubtedly result before final
implementation, merely through management recognising
more clearly the problems of basic data and the disciplines
necessary for their solution.
5. CONSIDERATIONS
ON SELECTING
AREAS FOR APPLICATION

INITIAL

The first areas selected for application are undoubtedly
important, as there is a need to demonstrate success if
change is to be accepted. The criteria by which success can
be judged are as follows:
A major cost saving and/or improved profits.
The provision of control information not previously
available leading to more effective management decisions.
The development of a different systems concept leading
to more accurate and timely information,
6. THE COMPUTER AS AN AID TO MANAGEMENT
The computer can be used as an aid to management in
the following ways:
To carry out analysis comparisons, and the initiation of
instructions based on low level decisions, such as
re-ordering stock items at certain minimum order
quantity levels.
To enable management to make better use of marginal
resources, reducing minimum order quantities of stocks
or improving utilisation of machine capacity.
As an information system giving a warning of deviations
from plans in time to take corrective action.
As a tool to reduce the time spent by management on
routine work, giving greater time for creative ideas and
thinking, leading to better decision-making and longterm planning.
7. THE SHORT FALL BETWEEN EXPECTATION AND
ACHIEVEMENT
One of the experiences common to management that
embarks on new projects such as compu ter systems or
methods changes, it that the expected results fall far short
of the original expectations. The question has to be asked
why this discrepancy arises between the initial expectations
and actual achievement.
In many cases where the correct technical computer
configuration has been selected, it has been found that the
short fall between expectations and achievement has
resulted from the failure to define training needs arising
from the introduction of the new equipment or the new
system.
8. DEFINING THE TRAINING NEEDS TO AVOID THE
SHORT FALL BETWEEN EXPECTATION AND
ACHIEVEMENT
Where compu ter installalions have been successful and
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objectives have been achieved, most or all of the following
training needs have been defined beforehand:
8.1 Defining the objectives of the new systems in terms of
performance requirements. It is important to estimate
the volume of data likely to be handled, the frequency
of processing and the form of input and output. The
computer system, in this sense, has a capacity for
preparing and processing data and must be viewed in
the same way as a specification for a new machine shop
with estimates of capacity, types of processing and
reconciliation between the input and output requirements. The ultimate aim should be a reduction in cost
per item of information produced.
8.2 Defining the management and supervisory skills needed
to achieve the required level of performance New
management and supervisory skills need to be developed in two areas which are as follows The first area is
represented by diagram I which shows the way in
which the new skills associated with data processing cut
across and modify the traditional professional, supervisory, and clerical skills. New supervisory skills will
have to be defmed and taught to ensure that the time
schedules for information and data flow are appreciated
by all user departments. This implies, for the clerical
supervisor and worker, a new adherence to strict time
schedules and disciplines associated with the logic of
computer systems, programming procedures, etc. The
second area covers the skills associated with the
management of computer projects. This is elaborated
more fully in a following section entitled "The management of a computer project." CH.I 0
8.3 Defining the methods by which the new skills can be
taught most effectively to the required levels of
competence. One of the surprising factors is the little
effort which has been devoted to harnessing new
instructional techniques to the training associated with
the introduction of data processing systems. Even if an
analysis of training needs is made, this is seldom
followed through to relate these needs to the most
effective instructional techniques available for the
medium in question. For example, programmed
instruction to give operating managers a basic precourse kwowlcdge of data processing before attending a
computer or systems course.
8.4 Discussing the intended changes with managers and
others beforehand, in order to explore their reactions to
the proposed changes to obtain their support.
8.5 Involving managers and others in planning the training
required to achieve the specified objectives of the new
systems. One aspect of training which is often
overlooked is the training of the departmental managers
whose function is involved with the computer system.
These managers, e.g. stock controllers, works accountants, purchassing managers, must be given the chance
to get away from their daily work to consider the
impact of a computer system on their role if their
involvement is to be meaningful. Much can be achieved
by organising weekend training .courses for such
managers when they start their training as a working
group which can lead into a most effective implementation team in conjunction with the data processing
personnel.
8.6 Utilising, through the planning and implementation
phases, the resources, abilities and experience of all
concerned, so that the intended changes meet the needs

of personnel at operating levels. One of the ways in
which this has been done is to nominate a member from
each user department, who is trained in data processing
principles and who works full-time with members of
the systems team on any project affecting the
department. This takes the air of mystery out of the
computer work and makes more easily available to the
systems team the know-how and practical experience of
members of that particular unit.
9. THE KEY TO SUCCESSFUL IMPLEMENTATION
The key to the successful i-nplementation of computer
systems is the development of the right relationship
between the data processing team and line management.
This relationship may be defined as follows:9. I The line manager must be involved in and accept full
and fmal responsibility for the proposed systems.
9.2 The line manager must be able to think in terms of data
and information flow. This is vital if management is to
consider the logical structure of the organisation and
the associated communication systems.
9.3 The systems analyst must use alanguage with which the
line manager is familiar.
9.4 It is the task of the systems analyst to translate line
management requirements into systems concepts compatible with the intended computer configuration,
9.5 The systems analyst must be trained to identify and
handle resistance to change. Under today's conditions,
this is probably a key factor in su?cessful ~ompu~er
utilisation. At the present time, WIth the mcreasmg
interest in training techniques designed to improve and
develop an understanding of the way in which
individuals behave in an organisational setting, systems
analysts and programmers should undoubtedly go
through the learning experience of T-groups and
inter-group exercises. The learning from this kind of
experience is, of course, directly related to understanding the way in which individuals react when they
feel threatened by changes, such as computer systems.
10. THE MANAGEMENT OF A COMPUTER PROJECT
The management of an investigation requires data
processing managers who can identify and handle three
different types of problems which are as follows:
IO.!
Phasing and co-ordination of human skills and working
to a resource budget.
10.2 The control of the technical aspects of an investigation, namely the systems studies and design and, if the
system is acceptable, the preparation, implementation,
and handover to the user department.
10.3 The understanding and managementof the underlying
emotions and feelings generated by the relationship
between members of a specialist team and a user
department. Particularly, the ability to work th~ou~
and control the difficulties that arise from the initial
we" and
they" confrontation to that of a
~artnership id'which specialist and user wor~ through
problems in coIlaboration to ensure the achievement
of company objectives.
I I . INVESTING IN PEOPLE
To be successful, a computer installation probably

requires an equivalent financial investment in staff to that
which has been expended on the actual technical
configuration. It is apparent that the success or failure ?f a
computer installation will depend as much on the fight
calibre of staff as on the correct technical configuration.
One of the major problems of staffing is the high rate of
turnover and the dislocation caused by an analyst or
programmer taking up where someone has left off. This
emphasises the importance of documentation.
From the survey referred to previously, the problem is
high-lighted. The computer is seen by many of those who
work within the systems and programming team as the
milk cow. Companies I)l,ljst therefore plan the careers of
computer staff and computer personnel in order to
maintain the right balance from within and outside the
organisation. Recruitment must be in advance of applications, but not so far that there is insufficient work
available.
To hold staff, it is important to plan "career
development prospects within and outside the data
processing department. For staff within the department,
there should be the opportunity to progress from
programmer to system/programmer and systems analyst. At
this point, a decision will have to be made as to whether .the
systems analyst's career lies within the management services
funtion, with the opportunity for a wider experience in,
say, operations research, organisation and methods and
related disciplines, or in the technical management of the
data processing function.
The other alternatives must also be kept open. Is the
systems analyst likely to make a career in line management? If so, how can this be furthered? It has been
suggested that all potential line managers should have
experience as a systems analyst.
12. MANAGING CHANGE
Change does not take place by accident. Network charts
can be constructed to monitor and control sociological
processes associated with the acceptance of change.
Effective change within an organisation can be shown to
take place in four distinct phases: Diagrams 2-5
..
Phase I is associated with the systems team gaming
acceptance for themselves as:
Individuals who can speak the language of line
management.
Persons coming from a group, namely the data
processing department, whose role within the organisation is acceptable to operating management.
Persons able to make a technical contribution to the
problem under examination.
In this phase, the systems analyst will recognise t!'at he
does not gain access to the real problems of the user
department. The difficulties that are thrown out for
discussion are designed to facilitate the process of
acceptance. No department exposes its problems to the
outsider until the members of that unit are assured that
their confidences will be respected. This is one of the
reasons for the systems analyst fmding that, after a few
weeks in a department, he is dealing with an entirely
different problem from the one which he was initially asked
to examine. The initial problem will almost always be one
which is regarded as safe and unlikely to lead to any kind of
exposure.
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Phase 2 is concerned with the underlying attitudes to
change, particularly feelings towards the objectives of the
proposed new systems. In general terms, no matter how
much information is given about the intended changes, the
information that is given will not be accepted at its face
value. Each manager at this stage is really asking. How is.
this change likely to affect me?
This is the point in time at which the infonual system
seems to burst into activity. Every manager at some time or
other must have made what appeared to be perfectly
innocent statements of proposed changes - only to find
that within a short while there are rumours of redundancy,
takeover, etc.
It is at this stage that the underlying feelings of
hostility, suspicion and anxiety find their outlet through
the informal system. This breakdown of fonual face-to-face
communication is designed to test out the reality and
possible implications of the proposed changes. This is the
point when, if not correctly handled, attitudes and
resistance to change may harden into open opposition.
Phase 3 is the point in time when the first practical
steps are taken by operating managers to further the
proposed objectives of the new system by initiating systems
investigations into areas under their control.
Phase 4 is the building into the organisation of a facility
for continuously re-appraising the effects of change on
organisation structure, task and roles. Change at this stage is
seen as a continuous process and not as something that
happens at infrequent intervals. If the ability to achieve
continuous adaptation to new needs is not built into
systems procedure, within a relatively short time the
effective managing system becomes the notebook in the
manager's drawer and thc chart on the office wall. The
formal system is then gradually placed on one side and
begins to fall into disrepute with the comments, by
managers, that: It does not meet the needs of the situation.

casting, planning and controlling involve many calculations
with built-in procedures to tell management when
significant deviations from agreed objectives are taking
place.
Finally, the computer's ability to process vast quantities
of data can tell management what will be the likely effects
of "different decisions on the various sectors of activity
associated with running a business.
One of the problems of data processing is that managers
are now, more than ever, faced with the need to make the
right decisions. The facts are known - yet how many
managers spend their time trying to avoid making
decisions?
We must ensure that our management skills are
up-graded to 'meet the facility provided by more adequate
and timely infonuation for decisions-making.

13. MANAGING
SYSTEMS

One of the items of evidence which we have available is
that most organisations do not learn from the experience of
earlier installations in other companies. It is only when
faced with actually installing their own system that the
problems mentioned in this article are recognised, with the
result that, in many cases, 'because of the failure to define
training needs related to the problem areas of organisation,
communications and human relations, there is either:

A

BUSINESS

AND

COMPUTER

There are three main elements in managing a business:
Skills and techniques related to functions such as
marketing, design and production.
Specific disciplines associated with the above activities,
e.g. planning, forecasting, estimating, controlling and
monitoring resuIts.
The will to manage, in particular, the ability to make
risk decisions at the right time and place.
Data processing has a contribution to make in all these
three fields.
First, the area of functional skills and techniques will
mean the efficient handling of data generated from such
activities as market research, engineering design, production
and management accounting.
Secondly, the very disciplines associated with fore-
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14. EFFECTS ,oF DATA PROCESSING SYSTEMS ON
PROFESSIONAL; SUPERVISORY AND CLERICAL
SKILLS
The logic of computer systems cuts across existing
departmental functions and barriers.
Time must be allowed for the re-appraisal of organisation
structure, decision systems and the re-definition of
managerial and professional roles.
Very often the development of a computer system is
contained within entirely inappropriate boundaries.
This is clearly seen where the data processing function is
contained within the accounting department or the
marketing division of a company. This is a clear sign of a
failure to follow through the logic of systems and
information flow.
15. THE COST OF FAILING TO TAKE INTO ACCOUNT
THE FOREGOING FA.CTORS

an outright failure of the project;
an incomplete achievement of objectives;
costs in excess of estima tes.
There is now no excuse for any organisation failing to
define the problems in advance and therefore taking the
steps to achieve effective implementation of computer
systems. The evidence is available; all we need is the will to
manage change.

1l/267

11/268

FACTORS

AFFECTING

ENROLLED

IN

A

ACHIEVEMENT

COMPUTER

OF

ADULTS
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COURSE
John Francis McAreavy

I. INTRODUCTION
Every organization, large or small, private or public, is
continually faced with the problem of maintaining a
competent staff of executives, managers, and management
technicians. This problem is becoming complicated by the
rapid changes in the managerial environment and applicable
technology in recent years. In order that the manager be in
a position to identify and sort out alternatives in the
decision-making process he must be up-to-date in his
computer knowledge. Consequently, it is imperative that
the manager be trained and educated in computer based
management systems and automatic data processing. Such
education and training is availabie to managers in the U.S.
Department of Defense at the U.S. Army Management
Engineering Training Agency (AMETA), Rock Island,
IJIinois. This Agency has been conducting courses in
management engineering and associated areas over the past
sixteen years. Presently, the curriculum consists of 50
courses ranging in length from three days to eight weeks.
The courses are developed in response to stated training
needs of civilian employees of the Department of Defense.
They are established in three areas.
I. Industrial Management (Industrial Engineering)
2. Administrative Management (Automatic Data Processing and Business Administration)
3. Applied Mathematics and Statistics (Statistics, Operations Research and Reliability Engineering)
To accomplish its mission, AMETA must continuaJIy
assess the training and education needs of managers in the
areas of computer systems and automatic data processing,
develop and conduct courses of instruction to satisfy these
needs and evaluate the results of training to assure that
needs are satisfied.
The purpose of this paper is twofold, (I) to describe
how a management development course in computers is
designed at AMETA and; (2) to describe and report the
results of an experiment to determine factors affecting
achievement of managers enrolled in such courses.
2. THE DESIGN OF THE COURSE
In order to design a course that truly satisfies the needs
of managers in the area of computer systems and automatic
data processing, one must investigate the specific needs of
the manager. They must know certain facts, they must
exhibit comprehension of certain functions and characteristics of these computer systems and they must be able to
apply this knowledge in their work as managers. Once these
needs are identified, objectives of the course are formulated. These objectives constitute the description of the
capability of the manager upon successful completion of

the course. Objectives, in this light, would be better-termed
terminal behavior objectives. A necessary characteristic of a
terminal behavior objective is that it is stated in measurable,
behavioral or performance terms, that describe what the
learner will be doing if he successfully achieves the
objective. The statement of terminal behavior objectives for
a course will consist of a number of specific statements. An
instructional objective is meaningful to the extent that it
communicates the intent to the reader, and does so to the
degree that it describes or defines the terminal behavior
expected of the learner in measurable, observable terms.
To illustrate the previous and subsequent remarks, a
specific course, Automatic Data Processing Appreciation
(ADPA) will be considered.
Terminal behavior objectives for the Automatic Data
Processing Appreciation (ADPA) course were determined to
be as follows. Students successfully completing this course
will be able to:
I. Define a list of fifty specialized computer terms
associated

with

systems

automation

which

are used

commonly by computer specialists.
2. Explain the functions of the five elements of a
computer and the method that data flows through the
equipment system.
3. List the logical steps necessary in computer processing
to update a data file that is organized on a direct access
system and on a magnetic tape system.
4. Explain the use of COBOL and interpret the data
processing steps within the Procedure Division.
5. Develop a systems conversion plan showing the steps
and work activities necessary to convert a data processing

system to a computer method of processing.
6. Interpret the symbology, formats and specialized terms
used in system documented packages and be able to explain
the data processing operations involved.
7. Identify the factors of a data process that indicate
applicability to computer processing.
On the basis of these objectives, the course was
determined to be 40 hours in length and include the major
topics:
History and Development of Data Processing and the
computer
Functions of the Computer
Computer Programming
Systems Analysis and Design
Management Applications
The material developed for the course consisted of:
Summary Outline - This outline specifies subjects and
topics to be covered in each half-day session. The summary
topical outline for the ADPA course is included as
Appendix 1.
Course Book - This 4lS-page book is prepared and
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maintained current by the AMETA instructional staff. Its
function is to (a) provide continuity to the course material
covered by lecture and discussion, (b) provide additional
examples of principles and methods discussed, (c) provide
enrichment material and (d) serve as a handbook for further
reference when the student returns to his job.
Vugraph transparencies - These transparencies are
utilized to illustrate and highlight the most significant
concepts, principles, and methods presented to the class.
16 rnrn Films - These films are selected and utilized
because of their worth in achieving the course objectives.
Lecture Notes - These notes are prepared by the
individual instructor in conformance to the material indicated above but they are personalized to take advantage of
the instructor's personal experience and knowledge.
Although the instructor is not expected to present a
standard script to the class, he is expected to follow the
summary outline, utilize the standardized course material
indicated above in order to assure that all students who
attend this course are exposed to essentially the same
material, and achieve the common terminal behavior objectives.
3. CONFORMANCE TO TERMINAL BEHAVIOR OBJECnVES
Because the objectives of the course were described in
behavioral terms, it is possible to measure the manager's
degree of conformance to these objectives.
The manager's level of achievement was measured by the
score on a multiple-choice item test administered at the
conclusion of the course. The achievement test development was based on the methods and procedures advocated
in Educational Measurement, Lindquist (1951). The test
planning consisted of analyzing the course objectives as
delineated above and the summary outline ill Appendix I in
order to generate the test objectives and the test plan.
The test objectives were prepared in conformance to
the taxonomy and numbering system used in the
Taxonomy of Educational Objectives, Bloom (J 956). The
Automatic Data Processing Appreciation (ADPA) course
test objectives are listed in Appendix 2. The test plan was
prepared in matrix form with the five areas of subject
content on the horizontal axis and the three applicable
categories of the taxonomy of educational objectives on the
vertical axis. The percentage of items associated with each
category was determined by analyzing terminal behavior
objectives along with time and effort expended during the
course in each of the subject content areas. The percentage
in each element of the matrix was determined by
multiplying its column percentage and the row percentage.
This element percentage, then, represents the percentage of
test, items in the examination that would be devoted to the
objectives identified by row and column headings. This test
plan is presented in Appendix 3.
Test items were developed in sufficient number to
accommodate the percentages in each element of the test
plan matrix and to provide a reliable and valid achievement
test of approximately one hour in duration (administrative
procedures restricted the time devoted to this test to a
maximum of one hour).
4. THE EXPERIMENTS
Four classes of this Automatic Data Processing
Appreciation course were selected at random to investigate
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the factors that affect achievement of managers (subjects)
who take the course.
The factor involved in all hypotheses regarding
achievement is the treatment factor A, the method by
which course grades were assigned. There were two levels of
this factor, Al and A z. Treatment A, consisted of
informing the subjects at the beginning of the class that
they would be assigned grades of Outstanding, Satisfactory
or Unsatisfactory wholly on the basis of their performance
on an end-of-course examination. Grades were actually
awarded in this manner. Treatment A z consisted of
informing the subjects at the beginning of the class that
they would be assigned grades of Outstanding, Satisfactory
or Unsatisfactory wholly on elements other than performance on an end-of-course examination. These elements
were those deemed appropriate by the individual instructor
and were not delineated to the subject.
Grades were actually awarded in this manner.
In order to account for possible variations due to
instructors, another factor (I) was considered in the initial
design constructed to test the hypotheses. Of the five
qualified instructors available for the experiment, two were
selected at random to participate, consequently there were
two levels of factor I; I, represents one instructor and I z
represents the other instructor.
Another factor to be considered was the incoming level
of competence in the subject matter area possessed by the
individual subject. The experimental control of this
'incoming level of competence' variable was deemed
irnpratical, consequently analyses of covariance was utilized
in the analysis of the data in order to provide statistical
control.
These considerations dictated that the initial experimental
design be a factorial covariance design with two factors of
two levels each with one control and one criterion variable.
Four classes were chosen to participate in the
experiment. Two classes were randomly assigned to each of
the two instructors. Of these two classes, one was randomly
assigned as Treatment A , and the other Treatment Az. The
design results in four treatment combinations assigned to
the four slasses as follows:

Class

Scheduled

Treatment Combination

I 9·13 September 1968
2 23-27 September 1968
3 7-1 I October 1968
4 21-25 October 1968

A,I,
A, I,
Az I z
Az I I

Sample
Size
27
24
24
27

In each treatment combination, each subject generated
two scores, X, the measure of 'incoming level of
competence' and Y, and end-of-course measure of
achievement. The analysis of Covariance Summary Table is
shown in Appendix 4.
On the basis of the data generated in this experiment,
there was not enough evidence to reject the null hypothesis
is:
There is no difference inc the achievement of students
who take a course in which they have been told their
course grade will be based entirely on an end-of-course
test and those who have been told their course grade
will be based on factors other than an end-of-course test
score.

This result is of considerable interest in the sense that it is a
common procedure to administer a course grade-deter-

mining examination to students who complete short
concentrated management computer courses. If the level of
achievement is not significantly affected by the announcement and administration of such a test, then the time and
effort of instructional staff and the examinees could
perhaps be put to better use by developing and presenting
additional course material relevantto the course objectives.
This result might suggest that students enrolled in courses
of this type tend to be primarily concerned with acquiring
the subject matter knowledge to apply in the managerial
operations under their control and they are less concerned
about the manner in which their achievement. is evaluated.
Adults participating in this type of management course
are evaluated by their supervisor periodically with regard to
employee job performance. These evaluations provide the
bases upon which promotions and performance awards are
conveyed to the employee, Considering this, it might be
expected that employees participating in short concentrated courses are primarily motivated to acquire the
knowledge in the course to apply in their job situation. This
successful application of new knowledge in their job would
be creditably reflected in the performance evaluation which
could result in tangible rewards such as promotion or
monetary award. If this is the case, then students would
apply themselves to essentially the same extent whether or
not grade-determiningexaminations are administered.
Additional experiments were conducted to ascertain the
influence of other factors on the achievement of the
student in the Automatic Data Processing Appreciation
course. These experiments were also factorial covariance
designs with two factors of two to five levels each, involving
one control and one criterion variable.
Results indicated that the following factors did not
have a significant effect on managers' level of achievement:
(I) extent of educational (high school graduate and above)
background; (2) amount of experience; (3) reason for
attending the course; (4) amount of time devoted to
outside-of-class study; (5) performance on take-home
exercises and (6) the extent to which subjects apply
themselves when they know a grade-determining examination is given.
Factors that were found to have a significant effect on
level of achievement were:
(I) Age: Subjects 46 years of age and older demonstrated a
lower level of achievement than subject under 46
years of age.
(2) Extent of outside-of-class discussion: Subjects who
indicated that they did not participate in outside-ofclass course related discussions with their fellow
students demonstrated a lower level of achievement
than those subjects who indicated that they did
participate in such discussion.
(3) The manner in which subjects react to tests: Subjects
who welcomed (he opportunity to demonstrate their
knowledge exhibited a higher level of achievement than
those subjects who worried about the examination,
whether or not they thought this anxiety interferred
with their performance.
A number of research projects arc suggested by the
results of this investigation; three are identified below.
By using a larger sample, an experimental design could
be constructed to judge the interrelationships of age, work
experience, occupational status, educational level, and
elapsed time since participating in formal education in
order to determine the effects of these factors on the level

of achievement exhibited in learning projects covering
various time spans.
The behavior exhibited by students, both in-class and
outside-of-class was considered in this study and results
indicated that this behavior is amenable to more detailed
analysis. A study established to determine the effects of (I)
outside-of-class study, by type and in tensity and; (2)
discussion with other students, by pattern and intensity
and; (3) different types of in-class behavior on the level of
overall achievement in the class.
Another research project of considerable interest would
be the design and development of an adult version of the
Test Anxiety Scale for Children, Sarason, et al. (J 960) that
could be uSAA to investigate the effect of level of adult test
anxiety on test performance under various controlled
experimental conditions.

5. SUMMARY
The process by which a course in computers is
established has been presented. This process emphasized the
specific identification of training needs to be satisfied and
the generation of measurable terminal behavior objectives
that reflect these needs. A procedure was described by
which the degree of conformance to these objectives could
be validly and reliably
assessed. This procedure closes
the system loop since it provides a basis for improvements.
The results of experiments conducted to determine the
effect of various factors on the achievement of students
enrolled in a 40 hour course in computers were also
presented in order to provide the reader with insight on
measures of effectiveness.
Training in computers and Automatic Data Processing
will continue to increase in the future. The costs associated
with this type of training are quite significant when one
considers the course development and presentation costs,
facilities costs, and the salaries of the attendees. It is
therefore incumbent on managers of the attendees and the
management of the education and training institutions to
make every effort possible to maximize the effectiveness
and efficiency of such training. In order to expedite and
sharpen these analyses, it is mandatory that researchers
continue to acquire more information regarding the
conduct of such courses and characteristics of the
attendees. Only in this manner, can the educator be truly
responsive to the needs of society.
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APPENDIX I
SUMMARY OUTLINE OF THE AUTOMATIC DATA PROCESSING APPRECIATION COURSE
SESSION NO.

SUBJECT

Monday AM

I.

A.
B.

II.

A.

B.
IV.

Manual, Punched Card, and Computer
IncreasedNeed for Data Processing
Necessity for Computer Processing

C.
D.
Wednesday PM XIV.

Experiences in Growth and Results
Small Applications and Total Systems
Increased Role of the Manager in Systems Design

Relation of Manual, EAM,andComputer
The Card Processor

Data Representation for ComputerProcessing

A.

Characteristics of Data Media
B.
Numbering Systems for Computers
C.
Internal Memory Representation

VII.

Organization of Data
Data Elements. Records, and Files
Data Control Symbols
Data Handling in a Computer System

A.
B.
C.

A.
B.
C.
D.

Thursday PM

A.
B.
C.
D.
E.

X.

Size, Cost, and Capability
Peripheral Equipment Considerations
Data Transmission Systems

F.
XIX.

XX.

A.
B.
C.

Intent of Symbolic Languages
Assembling and Compiling
The Role of Symbolic Programming

Friday AM

XXI.

Examination

Discussion of Enrollee Problems

XXIII.
B~

C.
D.

History and Purpose of COBOL
Format of a COBOL Program
COBOL Compilation
Effects of COBOL Upon Data Automation

Demonstration of Computer Processing
A.
B.
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Computer Specialists
User Skills Necessary

Common Business Oriented Language

A.

XII.

User Satisfaction
Implementing Systems Changes

XXII. Installation Training Requirements

A.
B.
Wednesday AM XI.

Equipment Selection
Systems Conversion
Controlling and Aiding Progress

Review and Evaluation of Systems

A.
B.

Symbolic Programming

Integrated vs. FunctionaJized Systems
Audit Trails and Controls
Determining Data File Content
Evaluating Value of Information
Designing the Information System
Documenting the Designed System

Implementing the New System
A.
B.
C.

Basic Language Programming
Developing the Program
Logic Charting and Documentation
Emulation and Simulation

User Review of Results
Relating Findings to Goals
Economics of the Old and New
Establishing the Course of Action
Designing the New System

XVIII.

Programming a Computer
A.
B.
C.
D.

Use of Flow Charts
Grid Charts in Analysis
Evaluating Documents and Reports
Identifying Shortcomings of the Existing
System

XVII. Reviewing Analysis Results

VIII. Computer System Configurations

IX.

Systems Analysis Techniques

A.
B.
C.
D.

Elements of a Computer System
Function of the Central Processing Unit
Input and Output Equipment

VI.

A.
B.
C.

Tuesday PM

Determining Management Requirements
Documenting the Existing System
.
Approach to Systems Studies
Management Participation in Analysis

Computer Configuration and Capabilities

A.
B.
C.
Tuesday AM

XVI.

Managers Role in Systems Automation
Organizational Responsibilities
Profitability and Application Studies
Planning the Systems Study

Data Systems Analysis
A.
B.
C.
D.

Thursday AM

V.

XV.

Sequential Processing Method
Random Access Method
Consideration in File Updata
Real Time System and Time Sharing

Management Systems Objectives
A.
B.
C.
D.

Elements of a Data Processing System

A.
B.

Data File Updata Approaches
A.
B.

Computer Application Trends

C.
Monday PM

XIII.

Summary Outline Review
Objectives & Requirements of the Course

Evolutionin Data Processing
A.
B.
C.

Ill.

TOPIC

Objective and Scope of Course

Orientation of the Computer System
Computer System Operation

A.
B.

Installation
Application
Course Conclusion

XXIV.
A.
B.
C.

Course Review
Course Evaluation
Class Graduation

APPENDIX 2
AUTOMATIC DATA PROCESSING APPRECIATION ACHIEVEMENT TEST OBJECTIVES
1.11 Knowledge of Terminology
. To define computer and data processing terms by giving
their attributes, properties, or relations.

1032 Knowledge of Theories and Structures
-To recognize fundamental theories and structures in the

Knowledge of Specific Facts
. To recall or recognize factual information about computers.

2.10 Translation

ADP field.
·1.12

"Demonstrate the ability to translate a problem given in
technical phraseology into concrete or less abstract phraseo-

1.21 Knowledge of Conventions
-To recognize correct forms. methods, techniques used in
computer technology.

logy.
"Demonstrate the ability to translate an abstraction, such as a
general principle, by giving an illustration or sample.

1.22 Knowledge of Trends and Sequences
-To specify the proper sequence of activities in ADP applications.

2.20 Interpretation

'Demonstrate the ability to distinguish among warranted.
unwarranted. or contradicted conclusions drawn from a set of
ADP and management data.

1.23 Knowledge of Classifications and Catagories
"To recognize the features and functions of the various forms
of ADP operations and equipment.

2.30 Extrapolation
·Demonstrate the ability to deal with conclusions of an ADP
study in terms of inferences made from explicit statements.

1.24 Knowledge of Criteria
-rc specify proper criteria for judging the effectiveness

3.00 Application

and/or efficiency of an existing or planned ADP application.
1.25

1.31

·Demonstrate the ability to apply principles, methods, and
techniques to new situations.

Knowledge of Methodology
-Tc recognize the techniques and methods used by ADP
personnel in determining feasibility, practicability, analysis,
design and implementing ADP applications.
Knowledge of Principles and Generalizations

in ADP.
"To recall fundamental principles and generalizations involved

APPENDIX 3
AUTOMATIC DATA PROCESSING APPRECIATION TEST PLAN

Knowledge

History of Computers
and Management

Functions of
Computers

Programming

Systems
Analysis

Management
Applications

Totals

5.6%

22.4%

14.0%

14.0%

14.0%

70%

2.1%

8.3%

5.2%

5.2%

5.2%

26%

.3%

1.3%

.8%

.8%

.8%

4%

8%

32%

1.00
Comprehension

200
Application

3.00
Totals

20%

20%

20%

100%

APPENDIX 4
ANALYSIS OF COVARIANCE SUMMARY TABLE
Source

Methods (A)
Instructors (I)
Interaction (AI)

Within
Total

df

SSx

sp

SSy

ss'

y

df

ms'y

F

91.50
15.81
83.32
27.96

3.27
0.57
2.98

1
1
1
98

2.83
1.47
0.15
1400.22

-14.00
-3.73
-3.50
1047.52

69.17
9.41
78.04
3496.20

91.50
15.81
83.32
2712.53

I
1
1
97

101

1404.67

1026.29

3652.82

2903.16

100

F( 1,97;.05=3.95
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I. INTRODUCTION
Today there is a tendency to speak of Management.
Information Systems as if it were a concept that is
universally accepted and understood. However, even a
cursory examination of some of the writings on the subject
quickly reveals that there are almost as many different
interpretations of the term as there are people in one way
or another involved with it. At one extreme there is the
emotional approach of enthusiastic salesman who use the
term to describe the situation where nothing more is
entailed than the processing through the computer of
existing procedures. At the other end of the scale is the
scientific approach to information flows for all managerial
functions. Somewhere in between there is the 'hardware/
soft' approach basically orientated to systems engineering
with the information content determined largely by
technicians.

Even in academic circles the term Management Information
System has various connotations - generally depending on
the particular bias on those engaged in the educational
process.

For, the purpose of this paper Management Information
Systems is defined as a system based on the accumulation
of data (data base) from all sub-systems and its
classification according to the information requirements of
the organisation. It involves the selection of relevant data
and directing the resultant information to serve the decision
making functions, at all levels and for all parties (internal
and external) interested in the operation of the business. It
includes the integration of scientific techniques within the
operating systems for control decisions and facility for the
retrieval of data for special decisions. Also it provides for
the retention of relevant data used in decision making and
its classification and accumulation so that future decisions
can be made in the light of past experience, Furthermore, it
should provide for the issue of operating instructions and
the monitoring of the feedback of data for managerial
control. It must be flexible and adaptive to changing
environmental factors and encompass all information flows
within the business. As Management Information Systems
involves both technical and administrative 'skills and
responsibilities it is intended that this study should be
primarily directed at the education of management for its
role in an M.I.S. environment.
2. REVIEW OF PRESENT ENVIRONMEN1

2.1 Computer Efficiency
From results of empirical studies carried out
throughout the world there is ample evidence to suggest
that all is not well with the application of computers in

business. Generally the blame has been laid at Management's doorstep, 1 and more specifically, management
ignorance.!
Management's failure in decisions relating to computers
has provided scope for some interesting observations.
Firstly, the contributions of the U.S.A. in scientific
management and the results achieved by its application in
business and industry have been most significant. Yet in
spite of this training and experience, the administrative
process in the decision to install a computer, has been in
many cases, amateurish and unscientific.

It is frequently stated the real problem is the inability
of business and industry to utilise efficiently, computer
developments that are currently available. Also, the present
incumbents of many of the managerial positions have not
the training nor the capacity to take full advantage of
existing technology. To overcome this problem, one theory
advanced, and generally supported by manufacturers, is
that it is only by becoming involved that management can
see and appreciate the new horizons that are opened to
them. [f this is so, then it is a management education
problem. Moreover, if the basic reason for obtaining a
computer is to educate management and staff, then
computer costs should be charged to 'Management
Education' or 'Staff Training' and not to 'Administrative
Expenses' or some other such item. Furthermore, from a

national point of view there is obviously a substantial
hidden educational cost which economists and politicians
have not yet isolated or identified.
Another observation that the layman can quite
legitimately make is that in an economy such as the U.S.
where the cost of computers is at a minimum and the cost
of labour at a maximum, if computers cannot be made to
pay in those circumstances, how is it possible to apply
computers profitably in a environment where computer
costs are at a premium and labour costs relatively so much
less? Yet, in many cases the same computer applications
are sold and applied in other countries.
The 'profitability' of computers is also open to
question. Too often the so-called profits claimed for the
computers only serve to advertise the inefficiencies of the
previous system and inadequencies of accountants and
managers. In many cases the major advantages have been
derived from systems analysis and streamlining of procedures - really nothing to do with the computer
application.

2.2 Hardware/Software/Application Gap
In an address to an Autralian Computers Conference in
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1963 Dr Stanley Gill commented that the main problem in
computer technology was the gap between hardware and
software and he anticipated that this would continue to
widen until well on into the 1970's. More recently Dick
Brandon made the statement that we are using 1966
hardware, 1963 software and 1946 applications.' Since
then there has been no evidence to suggest that the gap
between hardware and software has diminished but, in fact,
may have increased. In the applications area it is very
questionable whether the achievements justify the investment -at least in the short-run.
The. present situation is one that has largely been
created by the' machine firms and one for which they must
share responsibility. However, at national level there are
some very real .dangers, Computers, software and the
associated peripherials are claiming an ever increasing share
of national resources, yet they are obsolete before they are
installed. In smaller and less affluent countries resource
allocation is a matter of national importance and unless the
computer industry recognises its responsibilities in rationalising its demands on present and future resources they will
leave the way open , or even invite, government intervention
and direction.

2.3 Computers, Technology and Education Programmes
Partly as a result of misdirected publicity on computers
and partly because of high pressure sales techniques, there
is a danger that the direction of our education programmes
in administration is becoming biased. The whole field of
technology is advancing, not just computers. An argument
advanced to justify current trends is that computers are or
will be so inexorably interwoven in the whole of society
that people must be educated to use them.
Furthermore, they offer new horizons and new tools for
management. This is valid but only insofar as management
education precedes applications so that management can
lead in the development of the concepts and the
formulation of the information flows, taking advantage of
all areas of technology and more sophisticated scientific
techniques.
2.4 Computers or Managers - Who Leads Who?
Most computers operating in business today are
substantially the by-product of or have their genesis in
scientific applications, the space programme and space
research. Generally, they have not resulted from a
subjective study of administrative requirements. Technical
concepts have 'been developed and technologists have been
able to see their possible applications within the business
environment. In the early stages it was not concepts
developed by managers and technological solutions found
for managerial concepts but the reverse. As far as business
applications are concerned, computer technology is advancing somewhat in a vacuum, Not only must managers be
educated to lead business in the face of an everwidening
range of technological developments, but also they must be
able to stimulate-and direct technology ~nd technological
research, into all areas of business. 'In the past management
has been sold computers. Future managers must be
educated to invest in systems which will provide
information according to their specifications. Managers also
must understand and be able to command and control
information systems - NOT computers.
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3. FACTORS INFLUENCING MANAGEMENT EDUCATION PROGRAMMES IN M.I.S.

3.1 The Changing Administrative Environment
The accelerating rate of change in technological
development is readily acknowledged today, but it is
doubtful if the resultant impact on the social, economic
and political environment is so well recognised and
appreciated. The general pattern and structure of business is
changing. Big businesses are becoming bigger and fewer but
at the same time providing a greater portion of the gross
national product. Also, they are commanding a larger
proportion of the economic resources. They are becoming
more powerful and attracting more political attention
either in the form of favours or sanctions. Whether they
like it or not Governments are unwittingly becoming more
involved.In the internal operation of the business, in the
larger organizations management is becoming more remote,
more impersonal and more reliant on communication for
information. As automation or near automation develops,
more capital is invested in technology so management
decisions are becoming bigger and fewer. Also with more
advanced technology there is need for a longer planning and
'tooling-up' period and hence an increasing time span
between decision and implementation. Decisions are
becoming more remote from inplementation. Because of
their complexity the more automated systems become,
generally the more inflexible they are. With each advancing
step in technology, and with the changing environment,
information is becoming more vital; decision making is
more critical. Hence, the more certain management must be
about the decisions it makes. To support a modern
business, the basic managerial requirements is the development of an appropriate information system.

3.2 TI,e Changing Functions ofManagement
Although the traditional managerial functions of
planning, organizing, controlling and communicating identified in the latter part of last century may still apply, they
must be re-examined against the background of the
changing environment and the new horizons opened up by
technological progress. The functions of management all
imply a flow of information but principles and procedures
relating to the flow of information for the whole business
have not yet been adequately formulated.
Basic to the function of planning is the establishment
and re-examination of objectives of the firm. To do this
management must have information from within and
outside the organization covering both quantitative and
non-quantitative areas. With the development of simulation
techniques the future administrative function of planning
will not be so concerned with seeking alternative solutions
but searching for relevant information on a much broader
basis and over a longer period.
In organizing, by the use of appropriate models, the
resource allocation is moving away from the traditional
decision making area. It is now concerned with the
identification of parameters within which the business or
segments of the business must operate and the recognition
of the constraints within the whole business environment so
that it is possible to optimize the use of available resources.
In the controlling function the type of decisions
required of management is changing; also the base on which
the decisions are made and the information required is
changing. To the ex lent that information for control can be

quantified, management functions can be programmed and
integrated into the system and while operating within the
given constraints, control is no longer a managerial
problem.
Of all the functions of management, it is in the area of
communication and the concomitant information where
the major changes occur. While communication is essentially a two-way process under the concept of Management
Information Systems the flow of information to management is becoming more important. With the increasing
emphasis, on information, theories relating to the communication of business information are now more relevant in
administrative programmes.

3.3 Changing Concepts in the Administrative Process.
In the past, problem solving has been a central feature
of the administrative process. Principles and procedures
have been established, such as defining the problem,
searching for alternative solutions and so on, but whether
this is really the type of administrative process that is
required for an automated, highly technical and relatively
inflexible situation is open to question.
Within a Management Information Systems decisions
based on quantitative information may to a large extent, be
programmed into the system; consequently management is
not so concerned with making these decisions, but with
establishing parameters and setting constraints within the
area of operation. Programmed decisions may become
formalized, structured processes and it is only when they
move outside the prescribed areas do they require
management actions. Thus it is not so much problem
solving which is of such concern to management but the
provision of the information to service the decision
processes.
In the non-programmable area, management is more
concerned with non-quantitative elements of information
than with historical quantitative data. Decision making in
this area centres more around the informal and nonquantitative systems and thus management is forced to
draw more on the behavioural sciences. Non-programmable
decisions are becoming, and will become even more so, an
evolutionary process less structured in application with the
whole process an inter-disciplinary study. It is this area
which will require more administrative skills in the future.

4. INFORMATION AND SYSTEMS CONCEPTS
RELATED TO M.J.S.

gathering and control of financial information but in other
areas the gathering of information is less structured and in
many cases quite informal. In Management Information
Systems there is need to formalise or at least systematise
the whole function of 'information gathering'.
With the application of more scientific techniques
within. the administrative process there is need for a more
scientific approach to information, To obtain maximum
information from the data within the system it must be
classified so it can be identified under sets of varying
conditions and processed to provide meaningful information for management. In the past, data within the formal
structured systems has been classified according to
accounting concepts and objectives but in management
information systems data must be classified according to
information objectives. So that this may be accomplished,
management must be able to define its information
requirements for all functions and be able to specify the
range and relevance of data for the administrative processes.
Data can no longer be classified under a single systems
objective but must be classified so it can be identified
within administrative functions and processes.'
As there are obviously advantages to be gained from
bringing as much as possible of the decision making process
into the system and as such decisions are based on
quantitative information this leads to the problem of
quantification of data. In the past non-quantitative
information was subjected to some valued judgement by
the decision maker but there was no record of the
evaluation nor attempt at precisions. To optimize decision
making within a Management Information System much
more attention must be given to the quantification of data.
The contribution of management within a Management
Information System will in future depend more on
understanding the information requirements than on
specific skills in problem solving techniques. The systematising of procedures for gathering the whole range of
relevant elata, and its classification and quantification (as
far as possible) is an area that has not generally found its
way into academic programmes in administration but it
must be considered in greater depth. It is these three
aspects namely, gathering, classifying and quantifying data
that I refer to as Information Technology. A simplified
conceptual model of the information flows within a
Management Information System is set out below.

AS

4.1 Information Technology
With the changes in the functions of management, as
pointed out earlier, and the recognition that these functions
are dependent on the flow of information if follows that
the concepts and processing of data to service these
functions must also change. To discharge their functions in
the future, management will require more information
spread over a wider area. Also they must take cognizance of
all information flows within the business, the formal and
informal, quantitative and non-quantitative - not just the
formal quantitative. area. To meet these changes I suggest it
is necessary to add a new dimension to the traditional
functions of management and for the want of a better name
I have called this 'Information Gathering'. This is really the
basis of Management lnfonnation Systems. The formal
structured type of system, as used in the accounting area,
provides within its own processing requirements, for the

4.2 Systems Concept
In the administrative process there is need to recognize
the inter-relationship of all factors affecting the business,
both internal and external and to be able to assess the
impact on the business as a whole. Because of the
complexities of modern business there is a need to
formulate procedures so that situations can be evaluated
logically and scientifically against the background of the
whole business. Although those involved in systems work
generally appreciate the significance of systems concepts, it
is the application of systems concepts' by management to
all areas and levels of business that is needed today and will
be needed even more so in the future.
5. TOWARDS AN EDUCATION PROGRAMME
MANAGEMENT INFORMATION SYSTEMS

IN

5.1 Short Term Needs v Long Term Objectives
Today industry, Government and in fact the whole
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community needs programmers, systems analysts and
systems engineers, and they need them now. Above all they
need managers who can appreciate and use effectively,
higher levels of technology and lead in the face of an ever
changing environment. With these pressing demands it is
not unnatural and politicians and administrators are asking
what the universities are doing to fill the gap in trained
personnel that are so badly needed. Also this serious
shortage has led politicians and even some academics to
question the pay-back the country is receiving from its
investment in education in this area.
With the external (and sometimes internal) pressures,
there is a danger that our education programmes in
administration will become biased to meet the apparent and
immediate needs and thus overlook the basic objectives of
our educational system, which [ interpret to be to equip
administrative students today so that they may play their
full part in the future with advanced technology and more
sophisticated systems. Immediate pressing short term needs
cannot be allowed to take precedence over long term
objectives. The problems present students will be required
to handle as administrators are not necessarily the ones that
are faced by administrators today, and [ am not convinced
that they will even exist in their current context. I suggest
that any academic programme based on today's environment, today's technology and today's case studies' have
only limited value in future educational programmes.
Generally education policies of Schools of Administration, particularly in respect of undergraduate programmes,
must be reasonably long term, For this reason short term
needs, both technical and managerial can best be met by
'In-service' courses, through professional bodies, such as
Computer, Management and Accountants' Societies, etc.,
and by technological institutes. It is no mere accident that
computer societies have become much more active in
education over recent years and developments in the British
Society portends well for the future. It is my hope that
other such societies will follow suit.
Universities undoubtedly have responsibilities for solving current problems - even those created by manufacturers and managers - but this is perhaps better considered
through extension studies or research departments (which is
outside the scope of this paper) rather than within the
under-graduate programmes. ln considering the extent to
which university resources should be devoted to present
problems, it must be recognised that the current problems
are transitory ones and as such do not necessarily form an
appropriate basis for under-graduate (or for that matter
graduate) programmes. Education of future administrators
must be in accord with long term objectives.

5.3 MIS. Programmes
If the objective of under-graduate programmes in
Management Information Systems is to educate potential
administrators, then basically it is education in systems
concepts, general systems theory and information technology that is required. Computers per se arc not the answer
but a new level of management intelligence that can
co-ordinate all information flows - formal and informal,
quantitative and non-quantitative.
A survey of curricula where some aspects of Management Information Systems are taught seems to suggest that
there are three broadly based approaches:
l. Systems engineering/computer science approach.
2. Operations research/problem solving approach.
3. Accounting systems/management accounting approach.
Each has a different bias and objective - no one is
complete in itself - nor should it be. No doubt each has
value in terms of the overall educational programme but the
danger as I see it, is that under-graduate programmes in
administration may become too biased in one direction.
There is need for education in systems engineering but
its content in administrative programmes should be
minimal. There is unquestionably a need for education in
the quantitative areas and in the use of computers as a tool
for problem solving but care must be exercised to sec that
quantitative problem solving is an integrated part of the
programme and does not take precedence over other areas
vital in the administrative process. It, like other areas, must

5.2 Vocational v Academic
An analysis of present needs shows deficiencies in
education in two broad areas, namely, technicians and
managers - 'doers and users'. The current shortage in the
technical area is obvious and has been well documented.
Also future shortages have been projected but generally on
the basis of current needs - an assumption to which this
author does not subscribe. The shortage of trained
managers and administrators educated in systems concepts
and information systems has not been subject to the same
studies. However, from the results of the empirical studies
carried out on the level of computer efficiency in business,
education for administration in the computer era is just as
vital, if not more so.

be orientated to 'service' management's requirements.
Accounting systems and management accounting has
undoubtedly-a close affinity with M.l.S. but too often has
been confused for it. Although the accounting system when
well designed and fully integrated is the major source of
quantitative data it does not constitute a Management
Information System. Moreover computerised accounting
systems designed and operated by accountants too often
suffer from the limited objectives of 'Accounting'.
Generally the major constraint on such systems is that the
basic data is classified according to accounting concepts
which does not necessarily provide a sufficiently flexible
data base for the operation of management information
system. Furthermore, data within the accounting system is
confined to historical facts, or at the best projected facts
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Confusion appears to exist between education in
computers and education for computers. Too often they
are accepted as synonymous and unless programmes are
carefully planned so that computers open up new horizons
and new concepts for management then as far as the
application of Management Information Systems is concerned it has a retarding effect by orientating the
programme to things of the present instead of the future. It
is obvious there is need for education based on today's
technology but technical training in itself is of little use in
long-term administrative programmes. With a bias towards
technical training and current technology, courses in M.I.S.
become little more than a course in systems analysis or
systems engineering. Furthermore, over-emphasis on the
technical or hardware side will create problems for the
future. Firstly, progress could well be impeded because
applications will tend to be on the basis of current
knowledge and techniques (which are obsolete) and
secondly future retraining could present formidable
barriers.

based on historical data. While information from this source
can be useful for control, in its original form, it is of little
value in planning and for special decisions. For decision
making in these areas data is required outside the
accounting system and this must be analysed together with
the relevant data from within the system. It is a question of
the relevance of data and its availability in an appropriate
form that is the major problem in the accounting
sub-system within the Management Information System.
Accounting in its various forms generally occupies a
substantial part of an administrative programme but it is
not the techniques of accounting but information arising
therefrom which is of greater importance. It is not
accounting for accountants nor management accounting for
the management accountants that is required in administrative programmes but accounting for administrators. This
is one of the dangers when traditional accounting schools
participate in administrative programmes.
A major problem is, that .what purports to be
management information systems is taught as a single
subject in one or two semesters under various titles covering
areas such as Management Science, Systems Analysis,
Systems Engineering etc., but if it is to be taught at
administrative level, it cannot be approached on the basis of
a one or two semester credit. It must be approached on the
basis of an inter-disciplinary study integrating all interrelated studies. Unfortunately, this inter-disciplinary approach is somewhat overlooked or perhaps in many cases
has not yet been identified as a part of the education
programme in management information systems. In
Faculties of Commerce and Business Schools, Departments
of Accountancy, Economics, Politics etc., have been
established but few universities have yet seen fit to establish
Departments of Management Information Systems. If
universities are to play their role now and in the future
Management Information Systems must be viewed as
AREA of Study in its own right and opportunity provided
for tuition and research.

Fig.

6. AN OBJECTIVE IN M.I.S. EDUCATION
An education programme in management information
systems, directed at managerial level, must be an
inter-disciplinary study. The basic philosophy must be to
educate students to define their information requirements
for all functions of management (not define Problems), to
set the parameters and establish the constraints related to
all information flows. It must recognise the dynamic nature
of business (or Government) and take cognizance of
changing environmental factors. Students must be educated
to look at the whole business in relation to social, political
and economic factors. They must be educated to lead in
face of rapidly changing technology.

FOOTNOTES
1. Diebold, '"A.D.P. - The still sleepingGiant', in Harvard Business
Review, September/October, 1964.
2. Brandon, 'The Dark Side of Data Processing', in Data Systems,

July 1967.
3. Brandon, 'The Dark Side of Data Processing', Data Systems,

Juty t967.
4. The svstems concept has been described as providing a
framework for visualizing internal and external environmental
factors as an integrated Whole. It allows recognition of the
function of sub-systems as well as the complex super-systems
within which business must operate.
Reference:
Johnson. Kast & Rosenzweig, 'The Theory and
Management of Systems'.
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I. THE MAIN PROBLEMS OF MANAGEMENT IN THE

70'ES
The main problems of management in the next decade
which ought to be or may be treated by means of education
may very roughly be divided into three categories related to
attitudes of individuals, milieu in groups and abilities in
design respectively. The first two categories are in fact more
related to psychological and sociological or organizational
sciences respectively than to computer and information
science in a more narrow sense which only covers the last
category. This implies that the scope of education in the
field of edp has to be rather broad and cannot be covered
by computer and information specialists alone.

1.1 Attitudes
The problems of attitudes of individuals are found at all
levels of organization. They are related to
1.1.1 scepticism against advanced management techniques
in budgetting and control system. It may be well
motivated as many techniques presented or applied
to-day are rather poor, but this argument ought not
to be transformed to a general scepticism against
utilizing edp in advanced budgetting and control
systems;
1.1.2 a resistance to change which may be very strong as
soon as the new state represents something new and
unacquainted, as edp necessarily has to be if the
technique is utilized in a relevant way;
1.1.3 a preference of specialization to general know how
which may be relevant as long as you regard known
techniques, but may be destroying regarding design
of new techniques;
1.1.4 a weakness towards 'pop-arguments' and mysticism
relating to the computer as the giant brain which
produces the real true results! The pop-arguments
are not only used by salesmen, but by consultants
too as an easy way to avoid a more real but
complicated argumentation which perhaps now leads
to a unique conclusion.

These attitudes 'cannot be changed only by telling
people that they are wrong. One must establish situations in
which people experience that they are wrong by feeling or
realizing the consequences of their activities and attitudes
on their own skin.

1.2 Milieu
The problems of milieu or groups are found at all levels
of organization too. They are related to a lack of or
difficulties in
1.2. I communication due to differences in background,

language, slang etc., but perhaps first of all
unawareness of or weakness in definitions of the
most relevant concepts;
1.2.2 cooperation due to the fact that our societies,
enterprises, schools etc. are based on the principle of
competition between individuals and survival of the
fittest. Group work should be done as one task by
the group as a whole, and the task should not be
divided into different jobs done by each of the
members of the group;
1.2.3 argumentation due to the fact that most decisionmaking is based on feelings, opinions, gaming or fight
rather than real arguing for the best decision.
These problems are often the main reason for the
disappointing results in most systems work done in the last
decade.
The problems of ability to design are foremost related
to the dilemma of creating new systems versus copying the
old ones. How to get good ideas as this is an art and not
merely a technique which can be taught. Lots of time is
wasted if you ask a non-creative group to create a new
system. Hence, it is often argued, that it is much more
economical just to ask for a simple system like the old one.
What we can do is, however, to establish creative
situations, i.e. situations in which it may be more likely
that one gets good ideas, by requiring a relevant
formalization and documentation technique applied by the
project group, as well as in the project control system.
The idea of formalization is not to split the design
process in three phases, problem formulation, problem
solving and implementation, but to structure the problem
in a systematic way. In systematics this is done by splitting
the problem into a system of related subproblems in such a
way that complexity is reduced and the subproblems may
be solved independently because all relations to other
subproblems are specified in the formulation of each
subproblem. The structuring of the problem may be in
several levels, and the principles or criteria for good
structuring of problems are the so-called heuristics.

1.3 Consequence
The main consequence of the existance of these
problems is that in the future it cannot be expected that
the management problems can be solved by individuals.
Management now requires a combination of abilities in
both
1.3.1 designing and running complex performing and
control systems and
1.3.2 leadership based on motivation and stimulation of
human resources rather than authoritative principles.
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Only very seldom you will find these abilities combined
in one human being. In all levels of organization you now
need management-groups for the running processes and
project-groups for the design processes. The last includes
not only applications of edp but all sorts of design, of new
things.

2. THE PROCESS OF EDUCATION FOR MANAGEMENT
To discuss the task and purpose of the education
process it may be convenient to relate the arguments to the
formal model of a process, i.e, to the initial and resulting
situations (the input and output states) and to the ptocesses
which transform the former into the latter.

2.1 Initial situation
the
(a)
(b)
(c)

The initial situation may be characterized by classifying
people to be educated in three categories,
the 40-60 years old, i.e. the managers of to-day
the 30-40 years old, i.e. the managers of to-morrow
the 20-30 years old, i.e. the next generation of

managers.
(a) The first group is normally too old to learn new things

and is usually against new ideas.
(b) The second group may be too old to learn to be creative
but they may learn to manipulate good ideas from

others in a group in a constructive way.
(c) The third group may learn to be creative in' both a

critical and constructive way.
The problems in the initial situation are listed above.
Therefore it must be evaluated which of these problems
may be solved in a realistic way in the resulting ~ituation
for each of the above mentioned groups of people.

2.2 Resulting state
The resulting state for the first group which should be
one in which the attitudes are changed in a general favour
of supporting new ideas of other people in the organization
and in willingness to invest time, money and human
resources in developing and implementing the new ideas.
The resulting state for the second group should include
not only the change of attitudes but further greater abilities

in communication, cooperation and argumentation, so that
a more creative and flexible milieu may be obtained.
The resulting state for the third group should include
the state of the second group and further a greaterability in
design based on knowledge of relevant formalization and
documentation techniques and heuristics.

2.3 Essential heuristic
The most essential heuristic which has to be known is
the basic idea of systematics in systems work which may be
summarized as follows:
2.3.1 Problem formulation is a determination of task and
purpose.
The task is determined by the delimitation of a
system. The purpose is specified in such a way that it
can give the necessary reasons and arguments for the
decisions in all the choice situations arising during
the problem solving.
2.3.2 Problem solving is a complex analysis-synthesis-

evaluation process.

1I/282

The purpose of the analysis is to split the whole in
such parts that a synthesis of the parts to the desired
system is possible. The purpose of the evaluation is
to examine whether the designed system is relevant
and satisfactory.
As an analysis may only result in a surveyable number
of parts to keep the complexity of synthesis small, it may
be necessary to apply blackbox-systems as sub-systems in
the combined analysis-synthesis-process. Hence:
The solution chosen on a specific level may involve a
formulation of subproblems at the next level. In case a
satisfying solution at a level cannot be found, it is necessary
to search a new solution at the next higher level which
implies a reformulation of the problems at the level
considered, to which a solution may be found. Thus:
The systematics is recursive, as the parts included in the
analysis-synthesis-process will be problems themselves at
the next level. and these problems can be solved by the
same methodology. It is a necessary condition that an
elementarv level can be reached in order that a solution
mav be f~und. Therefore, the systematics is also iterative,
as 'reformulations of problems or sub-problems may be
needed. *)
3. THREE CLASSES OF EDUCAnON PROCESSES

It follows from the analysis and classification of the

initial and resulting states that three classes of education
processes may be considered:
_
A. One day or a few days conference for the 40-60 years
group (the senior management) for information.
B. One week or a few weeks courses for the 30-40 years
gronp

(the junior

management)

for

post-graduate

education.
C. One year or a few years courses for the 20-30 years
group (the students) for education on university level.
Of course, the limits of age between the groups should
not be taken too rigid, but it is essential to realize that the

desired resulting states require education of at least the
above mentioned length. This implies that if post-graduate
education 011 university level is wanted, the necessary time
must be spent in modules of at least half-a-year each. This

requires a willingness to invest time and money m
post-graduate education not yet seen.
Consequently the real management gap of the 70'es will
be that of waiting for the next generation, and the real
competition between firms will be to get the best people
from the next generation by being able to offer the best

milieu.
The purpose of the courses in each of the three classes
depends on which results may be realistic to obtain the
given input of participants and the possible resources of

teachers, instructors and education material taken into
consideration.
The task is to design the courses, i.e. to choose form
and content in a way relevant to the purpose and the
existing resources. Especially the resources, are a constraint
on the obtainable level of quality in the courses, and the

investment in researchand developing of these resources are
still too poor.

4. THREE EXAMPLES OF
NAGEMENT

EDUCATION

FOR MA-

Based on my experiences the following examples - one
for each of the above mentioned classes of education
processes - are outlined to illustrate how the ideas of this
paper can be implemented.

4.1 One-day conference for senior management
The purpose of the conference is to give the most
necessary information about edp and systems work and to
influence - if possible or necessary - attitudes in a positive
direction.
The form of the conference is short lectures of
half-an-hour with questions before Lunch and groupdiscussions with a final panel discussion in the afternoon.
The eon tent is
information about the content of other types of
education

introduction to the relevant terminology and methodology of systems work
outlines of project control systems
applications and experiences of practise
discussion of the level of sophistication of cdp-systems
discussion of the organizational problems.

The discussions are based on questions about
- what, how, who, when and why
and it is emphasized that the principal decisions of
top-management must be based on an evaluation of
- how essential the problem is
how urgent the problem is and
how many resources can be used in the project.

It is the responsibility of top management that any edp
project is fully supported and controlled by themselves and
not counteracted by anyone in the organization. To learn
this attitude is the most essential purpose of these
conferences.

The resourees applied are partly professional teachers
and consultants, and partly experienced top managers who
have learned from practical applications. The educational
material consists only. of short abstracts of the lectures,
questions and tentative answers to the discussion and one
or two short papers about education, systems work and
project control.

4.2 One-week course for junior management
The purpose of the course is to give such information
about edp and systems work that the participants may take
part in project groups in a constructive way. That means
that the basic ideas of design and documentation
techniques as well as organizational development have to be
experienced in group work based on realistic cases.
The form of the course is a S-days seminar on
internment basis. The subjects to be treated in group work
and plenary discussions are introduced in short lectures of
abou t one hour. Each day two or th ree lectures are
delivered, the rest of the time is spent on group work and
discussions. Some of the group works are well-structured by
a specified definition of the task. Others are not, as the task
is only very roughly outlined. Most of the group work is
based on the same case during the whole course.
The content is

the conceptual framework of data, information and
meaning
the .conceptual framework of systems
models of management information systems
specification of management information systems

methodology of systems work
documentation techniques
systems evaluation
project control
organizational development
discussions on the theoretical and practical problems of
systems design and documentation

discussions on the organizational and psychological
problems of group work.
The subjects of the group work are
description and analysis of MIS
construction of MIS
project control and problems of communication and
cooperation

evaluation of MIS and problems of argumentation and
decision-making
specification of data structures in MIS.
It is emphasized that the real responsibility for the
results of the design lies with the project group itself.
Consequently the users of the new system have to take
active part in the project group together with the edp
specialists. If the users are not able to take a leading
position in the group, the finn or the society will be
controlled - but in fact not leaded - by the edp-specialists,
Hence, the junior management group is responsible for the
future systems and organizational conditions of work and
living.
The resources applied are professional teachers and
consultants. One night an experienced top manager is
invited to talk about practical applications. The education
material consists of abstracts of the lectures and comprehensive papers on the main subjects. Further, descriptions
of the cases, formulation of the tasks of group work more or less specified - and eventually tentative solutions
to the group work. The latter is necessary if different
phases of systems work shall be illustrated in a short course.

4.3 One year course for social scientists at the University
of Copenhagen
The purpose of the course is to give the students in
economics and sociology sufficient knowledge about
datamatics - i.e. the science of the application of
computers - to be able, by themselves, to utilize edp in
solving problems in social sciences including management.
The computer should be an applicable tool for the students
in their own work in other subjects too.
The form of the course is still changing because it is
only three years old. To-day it is partitioned into two
half-year courses called Datamatics I and 2.
Datamatics 1 includes in 15 weeks:
2 hours per week lectures
2 hours per week exercises
2 hours per week instructions
4 tasks have to be done as homework - the two first by
individuals, the two last by groups of 3-4 students. The
tasks have all to be accepted by the teachers.
A written examination of two hours.

H/2S3

Datamatics 2 includes in J 0-12 weeks during 4 months:
2 hours per week lectures
2 hours per week exercises
2 hours per week seminar
2 hours per week instructions
The seminar is done as group work by 34 students and
includes 4 performances
problem formulation
problem solution
critique of the problem formulation and critique of
the solution of another group.
There is no examination as such, but participation in
seminars and exercises is to be acceptable.

languages gives a more relaxed atmosphere in evaluating
different languages.
The, best environment for education in this field is the
workshop in which all tools are applied in practical work
and in realistic surroundings.
The resources applied are one assistant professor and 3
assistant instructors, the computers GIER, IBM 7094 which
now is replaced by IBM 360/75 and from 1971 a Univac
1106 (in 1973 an II 08) and as education material besides
manuals, lecture notes etc., some Scandinavian literature**)
as well as specific literature on the specific topics in the
advanced course.
5. CONCLUSION

The content of the courses is
Datamatics I includes:
lectures
introduction on hardware and software
documentation techniques
testing of systems and programs
methodology for systems work
exercises

- a programming course in Algol
- a programming course in Fortran
task I is a problem to be programmed in Algol
task 2 is a problem to be programmed in Fortran
task 3 is a problem to be programmed in Algol by half of
the groups and Fortran of the other half. The program as
well as the work done has to be documented according to
predescribed requirements,
task 4 is running the program made by another group in the
other language with an evaluation of the program and the
documentation.
The required documentation is
a report describing the problem formulation and
solution with a relevant argumentation for the
necessary decisions,
a report of the group work including planned and actual
time schedules,
a systems diagram
a specification of data in all files
a process description
a manual for testing runs
a manual for production runs
Datamatics 2 includes
lectures
specific topics of special interest for the actual group
including documentation techniques, methodology of
systems work, simulation techniques and management
information systems
exercises
speciflc topics of special interest including file
administration and numerical problems
orientation about languages and types of hardware and
software other than those used at the computer centers
seminar
the tasks are predominantly chosen by the students
themselves as problems of interest in other respects too
and of practical relevance
the discussions in plenary sessions are reported both
oral in the last minutes of the session and written after
the session.
The results gained until now show that the form of
group work has considerable effect. The teaching of two
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Based partly on the theoretical analysis of the process
of education for management and partly on the practical
experiences in designing and performing courses in this
field, I want to emphasize what I find are the two most
essential recommendations I can give related to the form
and the content of the education process respectively.
The form must reflect the basic pedagogical idea of
motivation by self-experience.
That means that a predominant part of the time must
be spent on group work and group discussions to learn
communication, cooperation and argumentation in design

and decision making.
The content must reflect the basis methodical idea of
documentation for design, communication and control.
That means that a predominant part of the time must
be spent on using documentation techniques for reporting
in project control, for establishing creative situations, for
solving problems of communications and for getting
operational results.
Furthermore, I want to stress that it is highly desirable
that more resources are invested in research in Datarnatics,
i.e. the science of computer applications, especially in the
fields of design theory, applied cybernetics and management information systems, to raise the level of quality in
education for management.

And finally one warning. You will often meet the
demand from the participants in the post-graduate courses
for short-cut solutions to the problems, but such
hocus-pocus-techniques only ought to be given by salesmen,
not by professional educators.
FOOTNOTES
The author has worked as management consultant for edp and in
research and development at Regnecentralen since 1962 and has
worked as a teacher at the Copenhagen School of Business
Administration Economics and the University of Copenhagen, at
different postgraduate courses and conferences arranged by
Regnecentralen or different Danish organizations, as well-as at the
IFIP Seminar in Administrative Data Processing in Rome, London
and Budapest.
*) For a further discussion of the idea of systematics see my part
of the documentation of the IFIP Seminar in Administrative Data
Processing, volume 4, Organization and Systems, part 2, An
approach to a systems concept; and my paper, The Systems Concept
and the Enterprise as a System in BIT, volume 5, no. 4,1965.

**) O. Dopping: Datamaskiner och databehandling, Lund 1967
Chr. Gram et al: Datamatik 3, dataprocesser, bcvisferelse,
afprevning og konstruktion, Lund 1968.
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I. INTRODUCTION AND SYNOPSIS
This paper discusses an approach to people's first
encounter with the subject of computers in a teaching
situation. It is an approach based on the recognised strength
of playas an educational method. (The temptation to use
the terms "game·playing" or "role·playing" has been
resisted, since neither is probably a strictly accurate
description of the use of NETT.) It is known not to be an
original approach; as far as the author is aware, however,
the detailed formalisation and physical realisation which
characterise NETT have not been attempted previously to
anywhere near the same extent.
The paper falls into two parts: the first considers the
educational objective and problems toward which NETT is
aimed, and the second describes and discusses NETT itself.
2. THE EDUCATIONAL TASK

Most of us are aware of statistics which describe the size
of the educational effort needed in our own countries to
produce the required numbers of systems analysts and
programmers in the medium-term future. The figures may
alarm us; but the numbers are nevertheless small in relation
to the total educational constituency in schools, universities, business, government and the interested public. What
is more, the problem of training systems analysts and
programmers is at least moderated by the facts that a fair
amount of time can be devoted to it, that what they are
learning is at the same time their job, and that they can be
presumed to have both aptitude and a motivation that will
endure.

The situation is different, and worse, when we turn to
the areas which figure in the programme topics for this
Conference as "Computer education in secondary schools",
"Computer education in universities", "Computer education for management" and "Computer appreciation for
everybody". Now we are dealing with an educational task
of real magnitude (especially when it comes to that last
category!). Apart from their sheer numbers, these are
probably people who have little time to set aside from their
more pressing priorities, who are predisposed to find the
subject-matter hard and whose motivation might easily
crumble in the face of too much difficulty.
We whose lives are bound up with computers know that
the basic concepts are simple, but that from them have
grown a lot of necessary (and some unnecessary) detailed
technicalities and jargon. We guess also, however, that the
secret of understanding computers in even the simplest way
lies in a grasp of programming forms; that is to say in a
grasp of how programmed sequences differ from earlier
well-understood ways of expressing calculations or proce-

dures. All of us who have programmed have acquired an
extra way of thinking, and an acquaintance with that
(though not necessarily a facility in it) is the key that may
enable others to penetrate our world.
It is proposed, therefore, that important objectives of
any computer education for laymen are to capture their
interest immediately and establish as deep an involvement
as possible, to convince them quickly of the functional
simplicity of computer hardware, to avoid any early
entanglement with the vast current superstructure of
software and of application techniques, and to concentrate
on elementary programming forms. It is those principles
that NETT embraces.
The author's experience of teaching a fair number of
managers (admittedly in a conventional lecture situation)
confirms that they arc able and eager to learn about the
basics of hardware and programming. It seems that people
have a strong urge, which is deeper-seated than mere
curiosity, to know how a thing works. Other writers have
denied this; they say that we don't bother about how cars
or aeroplanes or telephones work - we just use them. But
that is not altogether true. Most of us have an acquired
awareness of the explosive force of ignited fuel, of the
principle of transmission via gears, of how air can support a
heavier-than-air body, and many other well established
principles that underlie modern technological achievement.
With that elementary awareness, most people are indeed
then content not to enquire into the detailed mechanisms,
the latest sophistication in design. But with computers they
have no elementary awareness; they are totally in the dark.
A whole new science of information has started. They need
to acclimatise.
This process of acclimatisation may be called the
achievement of computeracy. That word, and its associated
adjective computerate, arc not particularly pleasing neologisms; but they exist, and they usefully imply a kinship
with literacy and numeracy, The following propositions are
suggested on the subject of computeracy,
Literacy and numeracy imply neither fluency nor
frequency in the handling of language and mathematical
notation. Computeracy similarly need imply neither
fluency nor frequency in the handling of program notation.
(proposition I)
Literacy and numeracy, and similarly computeracy,
rather imply an ability to grasp the meaning when reading,
and to impart one's intended meaning when writing, in at
least the simpler forms of language or notation.
(proposition 2)
Illiteracy, innumeracy or incomputeracy prevent effective thought in the spheres served by language,
mathematical notation or program notation.
(proposition 3)
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Becoming literate, numerate or computerate involves a
process of formal learning to at least a fairly simple level,
followed by enough practice to reinforce the early learning.
(proposition 4)
So far as the initial learning phase is concerned,
becoming computerate is likely at the present state of the
art to be a far quicker and easier process than becoming
literate or numerate: (a) it is not a major hurdle, affecting
one's whole personality, as literacy is; (b) in its short life,
program notation has not developed anything like the
sophistication and inherent difficulty of mathematical
notation.
(proposition 5)
Similarly it is probable that the extent of practice
necessary to reinforce initial learning may not be very great
in the case of computeracy.
(proposition 6)
This paper is not concerned to define what is necessary
in imparting computeracy - with providing a course
specification, even if that could be contemplated. Having
discussed computeracy, it goes on to discuss the help that a
device such as NETT can give at the formal learning stage.
Before doing so, however, there is one remainingimportant
point to be made.
Of the four programme topics for this Conference
under which this paper could fall, the one which interests
me most and which also seems the 1110st important is
"Computer education for management". Here the combination of urgency and difficulty is greatest. Undergraduates
and schoolchildren should be able to take computers
in their stride; and, although it may be desirable for the
general populace to be computerate (and who can tell how
much more desirable it may become in ten or twen ty
years? ), it is unlikely ever to become urgent. But I believe
that managers would not ordinarily be able to take
computers in their stride, and that it is also most urgent
that they should become computerate.
The reason why it is urgent is that the DP profession
seems to be in the grip of a fallacious fashion. The early
days of data processing could be described as the days of a
gadgeteering, or happy amateur, or Spitfire pilot approach
to systems and programming. Predictably, there were
failures.
Now the pendulum has swung, and everything is
"management". If we arm ourselves with barcharts. and
with plenty of standard documentation, and are properly
pessimistic about completion dates, all will be well. But
that too, of itself, wiII fail; it may not appear to fail, in the
same way that the cleverness of the happy amateurs did,
because the whole approach is concerned with dressing up
projects in such a way as to conceal their deficiencies.
Management, however, is no substitute for sound method just as clever gadgeteering was no substitute for management.
It is the author's great hope, and main interest, that we
in data processing wiII come to realise that we have in our
hands a new science and its associated technology - a
science an~ a technology of information. The principles and
practices" that are needed hardly exist and must be
developed. There may well be a battle between the "new
scientists", who see that systems are not simple and need
sophisticated design methods, and the reactionary "management" school with their forms and barcharts; just as the
management school in the days of their emergence had to
battle with the Spitfire pilots.
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If lay management - top management who authorise
and organise resources for DP, and middle management
who participate in system development - are to understand
the issues being fought over and arrive at a 'balanced
judgment between the factions, no degree of computcracy
'can be too great for them. And the new scientists arc going
to need the understanding and judgement of lay management.

3. NETT
At the time of writing, the design of NETT is not at a
final stage from which it could be built; so no illustration is
offered. It is hoped, however, that the prototype will be on
exhibition at the Conference.
The following can nevertheless be said with certainty.
The toy comprises a table- top playing surface, on which is
mounted a square array of 256 pigeonholes representing the
core store. Each location is labelled. 0 to 255. Into each
location a card can be slotted; on a card (which of necessity
is long and thin) can be inscribed the current contents of a
store location. Around the store are a number of slots on
the table-top in which cards (of the same size as store cards)
can be displayed standing upright; these represent registers
- four arithmetic (addressed a to 3),three index (addressed
J to 3), order registerand sequence control register.
Represented 011 the table-top as radiating from the core
store arc four input/output channels - one multiplexor and
three selectors. The channels have buffer registers at the
core store end. and each one can address four devices. For
playing purposes it would be unusual to use a configuration
of more than one card/paper tape reader and one printer all
the multiplexor, a disc drive on one selector and a pair of
magnetic tape transports on the other two selectors.
Provision is made for the appropriate peripheral media - a
hopper for cards, a disc storage chart, etc. All parts of the
toy are clearly labelled.
To summarise. the toy itself is a model of the storage
and transmission media of a computer. The "machine
units" which operate upon these media are provided by the
IHlr11~1Il players, who assume the roles of arithmetic unit,
central control unit, store access control unit, channel
control units and peripheral devices. The "circuitry"which
determines the operation of the' machine units is provided
by the NETT Manual, which gives full detail of data and
instruction codes <.II1d thus instructs the players how to
proceed.
Locations, registers and buffers are all 16 bits in size.
One location holds two bytes (standard EBCDIC code) or a
16-bil signed fixed point binary number (-32,768 to
+32,767) or a 16-bit NETT instruction. The instruction
code is shown in the appendix, The basic instruction
layout, varied in the case of one or two operation codes, is
as follows.

s tore address
8 bits

(figure 1)

Now let us imagine a team is gathered to play, or
operate, NETT and that it is their first meeting with it. The
person responsible for the session - let us call him the
lecturer- will have loaded a program (instructions and

constants) into store beforehand from a stack of prepared
cards. All program cards from the previous run will have
been extracted and saved for re-use. Where they are not
replaced by new program cards (i.e. in the new program's
working area, input/output areas or unused store), they will
be replaced by unwanted data cards from earlier runs, or by
blank cards. Data cards in the store from earlier runs, which
are not replaced by program cards for the current run, will
be left undisturbed.
Registers and buffers similarly will remain unaltered,
with the exception that the address of the first instruction
to be obeyed will be put into sequence control. The only
peripherals to be used on a team's first run will be an input
device (card or paper tape reader) and a printer: the input
for the reader. and the blank printer stationery. will be
.,loaded" at the appropriate stations. For the first run it is
considered important that a complete (though small) program should be used: on subsequent occasions, subroutines
only would be satisfactory to illustrate particular points.
All program and data cards for use in core store are
identical on the front; for administrative ease; however,
each program card is identified on the back with its
program identity and the location to which it is to be
loaded. Register and buffer cards are distinguished by a
colour code. "Punched" cards are a different size and shape
from the others, and are also distinguished by colour; they
hold 16 character positions. Printer stationery is a
continuous roll of white paper, with up to 24 print
positions. Paper tape and magnetic tape are narrower rolls,
distinguished by colour code. Disc storage is a loose-leaf
binder containing sheets of squared paper: each sheet is a
cylinder, and each row a track.
The players are provided with a pool of blank cards,
and a dustbin for disposing of used ones. Control signals are
passed by word of mouth: information movements are
achieved

by copying

the data item or instruction concerned

onto a card of appropriate type and passing it to the
appropriate player for its destination. Play thus starts as
follows.
eentral control asks store access control to access the
location shown in the sequence control register.

store access control accesses the location, copies the instruction on a blank card and passes it to central control
central control places the instruction in the order register
and adds I to the contents of sequence control register,
then decodes the instruction and issues the necessary verbal
orders to execu te it
e.g. store access control to pass contents of a location to
arithmetic unit for storage in a register, or vice-versa, or
for arithmetic in conjunction with present contents of
the register

in pairs, subdividing the function between them. (3) After
let us say the start routine and once or twice round the
main loop, a break is taken and tile store reset by the
lecturer to a point during the last circuit of the main loop;
the whole process is thus like single-stepping through the
early part of a program on a real computer, then running
continuously to a halt and finally single-stepping to the
end.
Four things should be learnt in the first run: (I) the
organisation of control in the hardware system: (2) simple
overall program organisation and the extent of branching in
even a small task; (3) basic program elements, such as index
loops, indexed addressing, print line assembly, record types
and program-generated indicators, subroutines, error exits;
(4) storage space limitations.
As already indicated, later runs would tend to avoid
tedious length to concentrate on specific illustrations.
Routines could be provided to illustrate such things as
numerical algorithms, file updating, internal sorting, disc
store addressing, program load and overlay, post-mortem
dumping. How many were used for a particular group
would depend on the group's interests and reactions.
Groups might additionally be inspired to write small
routines of their own. More involved matters, which could
not be accommodated in the size of NETT or in an
acceptable time span, would be handled verbally by the
lecturer, referring to the group's practical experience as
appropriate. An assembly language is available, and COBOL
and Fortran (say) can be contrasted with both machine
code and assembly language. Teaching can be varied very
flexibly.
If a group becomes particularly ambitious and wants to
embark on a project outside the scope of a 256-word store,
the instruction format call be altered easily to incorporate
base register addressing, giving a store size of up to 65K.
(Such programs cannot of course be run! )
NETT starts a course with a bang. Even after the group
are no longer using NETT, it provides a physical centre of
interest, a tangible object which everyone has come to
know. well, and in terms of which most questions can be
discussed. This, and the strong motivation it can generate,
distinguish it firmly from the so-called "paper computers"
with which it might seem to have some affinity.
Despite - or perhaps because of - its high degree of
formality, it promotes infonnality in the group through the
extent of interaction demanded of the players.
NETT is not expensive to produce, and running costs
are no more than the large quantities of cards and other
stationery that are needed. It is easy for a teacher to use,
and it should create for him a fertile learning situation.

store access control to pass details of input/output to
channel control
etc.
Clearly in executing a complete program, even a small
one, players will tire of this degree of detail. Three things
can be done to avoid that happening. (I) Players rotate, so
that each one performs each role. (2) For the specially busy
roles (central control and store access control) players work

APPENDIX
OUTLINE OF INSTRUCTION CODE
Note that complete details are not given - e.g, how to halt, how to
load index registers, what happens to the least significant digits in
multiplication, how printer line-feeds are called; these are all dealt
with as special cases of the main instructions.
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Note that complete details are not given
hal t , how to load

-

e s g , how to

index regis ten, what happens to the least

significant digits in multiplication, how printer line-feeds are
called;

these are all dealt with as special cases of the main

ins t ruct Lons ,

instruction
name
ADD

R-field

I-field

S-field

ar i th , reg.

index reg.

tore add r .

op ,

operation

~

o

add indexed store
to register

SUBTRACT

subtract indexed store
from register

MULTIPLY

I multiply indexed store
by register, result
to register

DIVIDE

divide indexed store
into register, r esu I t
to register

LOAD

load indexed store
to register

STORE

load indexed store
from register,
register c Lear ed

COpy

load indexed store
from register,
register not cleared

AUGMENT

augment indexed store
from register,
register cleared

INPUT

8 channel

device

OUTPUT

convert from EBCDIC in
store to binarY in
register

CONVERT

10 ar-i th , reg.

RECONVERT

11

SHIFT

12

left/right.
single/double
length

shift register number
of bit positions
specified in store
location

INDEX

13

index reg.

UNCONDITIONAL

14 type of jump index reg.
(normal, sIr
entry, sIr exit)

augment index (lower
half I) by increment
(lower half R); if less
than end value (upperhalf I), jump to S
j ump to indexed store
address in mode
sped fied by R

JUl[p
CONDITIONAL
JUMP

15 ar i t h , reg.

number of
words

convert to EBCDIC in
store from binary in
register

store eddr ,

condi tion to store addr ,
be s a t i s i f ed
(zero, nonzero, -ve , -rvc )

I
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c

jump to store addt-cs s
if r-ag i s t e r meets
condition specified
by I
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Jan Blatny

I. COURSES IN COMPUTER SCIENCE AT SECONDARY
SCHOOLS
Courses in "Programming and computer service" at
secondary schools started at several selected secondary
schools (Gymnasia) in the school year 1962/63. One year
later, postgraduate one-year courses for all who had
successfully completed their studies at any of these selected
secondary schools were organized.
For the first 8 years, the curriculum in Czechoslovakia
was practically the same at all schools. During the next 4
years, as a preparatory stage for university, studies are then
differentiated into humanities and sciences. The mentioned
specialization .Prograrnrnmg and computer service" is a
part of the branch sciences. It differs from other sciences in

having two special subjects during the last year, which are:
Numerical calculus (4 Hrs./Wk.)
Computers and programming (4 + 3 Hrs./Wk.)
Besides this, the curriculum of mathematics and physics
is also a little different. In physics, e.g., the basic logical and
memory elements constitute a special part which is not
taught at the ordinary type.
The additional 3 hours in computers and programming
are fixed for practice on computers. Originally the courses
were oriented to punched card machines, but, in the course
of time, electronic digital computers have been emphasized.
This evolution depends mainly on the possibility of where
to gain enough computer time and enough capable,
qualified teachers. Until now, these problems have often
been solved with the help of University computer centres
and university staff-members which is, however, only a
temporary solution.
Above all, students with a deep interest in mathematics
choose the specialization "Programming and computer
service". Most of the graduates continue in their studies.
They are counted among the best prepared students for
university studies, namely, in mathematics/physics and for
technical universities.
The graduates of the one-year postgraduate courses
have gained a common secondary school basis extended in
basic numerical calculus, programming, preparing and'
testing of computers, economy, accounting, etc. They can
work as technicians (programmers, operators) in computer
centres.
On the basis of the experience gained with the teaching
at above mentioned secondary schools and, because of the
need for more computer specialists and for more general
knowledge of computers, some provisions are being made:
Computer specialization should be established at more
secondary schools.

Programming at an adequate level should be taught at
all secondary schools.
This will probably start as an optional subject. From
the point of view of the content of the subject matter, we
prefer an orientation on the algorithmic solution of
problems and on programming in algorithmic languages to
detailed knowledge of a given concrete machine.
Closely related to the extension of teaching of
"computers and programming" is the solution of several
problems:
how to get enough experienced teachers for these
subjects or how to give sufficient knowledge and
experience to the present ones
how to prepare acceptable text-books
where and how to ensure practice on the computer.
These and other problems were mentioned at a seminar
of secondary school teachers at the beginning of this year.
Another seminar which should help to solve these problems
is planned for September of this year.
2. UNIVERSITY PROGRAMS IN COMPUTER SCIENCE
There exist

two orientations of the universities in

Czechoslovakia:
Technical universities.
-

Universities

From the point of view of computer science courses
they have a different orientation. Besides, they both have
curricula for computer specialists and computer-oriented
subjects for other specializations.
The first computers were given to universities in 1960.
But the preparation for programming courses started
sooner; for this purpose, computers of some research
institutes and computer centres were used. I will not dwell
on development but only summarise the present state of
the university computer science courses.
2.I.Technical universities.
The education of computer-oriented engineers are
concentrated mainly at the electro-technical faculties and
within the framework of the branch, Technical Cybernetics.
The M.Sc. students are being prepared for:
l. research into and construction of computers and for
technical service
2. technical exploitation of computers (mainly in automation).
Besides this, the courses are extended to software,
especially to the control programs and, on the other hand,
to the simulation on analogue and digital computers.
A picture of the whole profile of these students can be
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given by the survey of subjects which must be passed during
the study of technical cybernetics (see Tab. 2.1.).
The basic two years of this branch are in common with
the branch, radio-electronics. The students get their needed
knowledge in mathematics, physics, electrical, and electro
onic engineering.
A problem now being discussed in Czechoslovakia is: is
it useful to prepare specialists in computer science during
the M.Sc. study or would it not be better to prepare
computer specialists in a post-graduate study? The basic
course could be I or 2 semesters shorter in this case, which
would be of great economic significance. The post- graduate
study is supposed to be mainly for graduates who have
worked, e.g., at least for 3 years in the field of computer
science and who need deeper knowledge in this field for
their work.
The education in computer science of all other
specializations of the branch technical cybernetics, i.e.:
I. automation technique
2. measuring and control technique
3. cybernetics in medicine
can be found in Tab. 2.1.
For all other branches at the electro- technical and other
faculties digital computer programming is taught (not quite
uniformly now). ln most ca~s it m':J<es 4 hours per week
for one semester in the 2 n or 3 r year of study. It is
practically an introduction to digital computers and
programming in an algorithmic programming language. At
electro-technical faculties, a course on analogue computers
and programming is added.
Representatives of most Czechoslovak Universities
working in computer science, held a two-day meeting at the
end of last year. Among others they passed a resolution to
prepare a detailed and revised conception of the computer
science curriculum at technical universities and in close
cooperation with the Departments of Computer Science at
other universities.
The first seminar devoted to Computer Operating
Systems and to Modelling is planned for September 1970.

2.2.Universities.
The situation at universities is similar to that at
technical universities. Computer science specialists are being
prepared above all for specialization in "Numerical
mathematics" at faculties of mathematics and physics.
The students (compared with others) gain deeper
knowledge in mathematical analysis, algebra, numerical
methods, probability and statistics. Besides these they must
pass the subsequent courses:
Mathematical logic
Boolean algebra
Analogue and digital computers
Programming on analogue and digital computers
Special chapters on computers.
The number of classes per week differs quite a lot and is
therefore not given here.
University education of high-school teachers who have
mathematics as one of their majors also includes some
courses in computer science. They are given a 2·semester
course in analogue and digital computers and programming
on them. The main objective followed at all the other
faculties is to teach the pedagogical and scientific workers
how, and for what purposes, computers can be used. For
this reason emphasis is laid on the a1gorithmization of
problems (especially of a non-technical character) and their
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practical verifying on a computer. They should also be
taught programming in a higher-level programming language
(mostly Algol 60 or Cobol - 3ccording to the need) - e.g.
2 + 2 hours per week in the 3 r year for one semester.
For a good employment of students' programming
knowledge in solving concrete problems of the given study,
specialization is necessary to give sufficient knowledge in
programming to the teaching staff of all technical
specializations. This is solved by courses in programming
assigned for teachers. Teachers take part in these courses
voluntarily. They are mostly younger assistant or associate
professors who also want to use computers in their research
work.

3. DOCTORAL PROGRAMS
There exist general rules for all doctoral students in
Czechoslovakia. Only applicants who have successfully
finished their university studies with a M.Sc. degree and
who have had (as a rule) practice in the given specialization
for 3 years after reaching the M.Sc. degree can apply. They
must also pass an entrance examination.
When preparing they have to pass exams in Russian, one
other language (chosen from languages recommended for
the given specialization), philosophy and four special
subjects. Two of the special subjects are obligatory (but
only thematically), the other two are chosen from those
recommended: (see Table 3.1). The detailed programs
reflect the specific interests and vary from one case to
another.
.
Each doctoral thesis must contain an original theoretical contribution to the problem being solved. It is
reviewed and recommended by 2 referees, who must have a
desired pedagogical and/or scientific degree. The thesis
has to be defended before one of the "State committees for
the defence of doctoral theses". There exists a common
Czechoslovak Committee for Computing Science as a
specialization of technical cybernetics and another of
theoretical cybernetics. This corresponds to the two
orientations of universities and technical universities.
Academic programs at the doctoral level differ quite a
lot and for this reason they are not specified in this paper.
The State committee is now preparing a study which should
be an attempt at a detailed specification of the compulsory
and recommended special subjects, possibly in the form of
explicitly stated requirement. I am prepared to give more
detailed information about some existing doctoral programs
for the Conference.

4. STATE COORDINATION ON THE FIELD OF
COMPUTER SCIENCE
"The Advisory Committee for Computer Technique"
was created by the Ministry of Education. Its main aim is to
ensure a uniform policy in computing science education in
Czechoslovakia. The-already solved problems are e.g.:
education in computer science at different levels
displacement and equipment of university computer
centres
scientific work in the field of computer science
provisions for maintaining a high technical and
scientific level in computer science.

Table 2.1
A Survey of Courses in the Branch "Technical Cybernetics" Specialization "Computers" (the 9th and 10th terms). An
example

Subject
Logic
Mathematics

Hrs./Wk. of Lect./Pract. in the
1st
5th
7th
6th

I

9th

10th term

III
5/2

Power Electrotechnics
Industrial Electronics
Commun. Systems

2/2

Information Theory
Electronic Elements
Electronic Circuits
Control System Elements
Con trol Theory
Electronic Measurements
Measurements of
Non-electrical Quantities

3/2
2/2
3/3

Programming

8th

5/2

5/2

3/2
3/2

4/2
3/2

3/2
4/2
4/4

3/3

2/3
2/2

Digital Computers
Design of Special Semi-conductor
and Magnetic Circuits
Analogue and Hybrid
Computing
Modelling on Computers

2/3

3/3

2/3

4/2
2/0

Automata Theory

Systems Theory (elective)
Pre-graduation project

4/4

3/3

2/0
0/8

2/2
3/2
2/2
0/8

Tab. 3.1.
A survey of Doctoral Programs Subjects in the Branch
Technical Cybernetics,
Specialization - Mathematical Machines

Obligatory subjects:
I. Applied Mathematics
2. subject of specialization e.g. Digital Systems Theory,
Analogue Systems, etc.
Elective - two must be chosen:
Information Theory
- Programming Theory
Mathematical Logic
Applied Physics
Theory of Construction of Mathematical Machines
- Modelling
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ECONOMIC GROWTH AND THE DEVELOPMENT
OF COMPUTER EDUCATIONAL FACILITIES
Erling Dessau
It would probably not be really correct to discuss the

,There is no wealth equal to knowledge and no poverty
equal to ignorance, and no support equal to sound
advice." (Said by the 4th Kalifa Sayad Ali Iben Abe
Talabii.A Study of the Capacity", UN 1969)
1. The 1970's wiII witness a fascinating aspect of
international cooperation between the highly industrialized
countries and the developing countries, namely, the transfer
of computer utilization knowledge. Although there is no
need to repeat the history of the immense growth of
computer power in industrialized countries during the past
decade, it is without doubt the most eclatant proof of the
stiII-increasing acceleration in accepting and utilizing
innovations. Hardly more than two decades old, computer
technology already penetrates almost all aspects of life in
the industrialized countries.
For several years it has been clear to everybody that a
technological gap existed between the United States and
Europe as to the utilization of computers. This gap was
very evident in the mid-1960's when European countries
were just beginning to accept computers on a larger scale,
while the United States were increasing its computer utilization at a fantastic rate. Probably no other innovation
in the history of mankind has been so widely accepted in
such a short time as computers have been in the United
States.
The gap between Western Europe and the United States
has since diminished considerably and where we previously
spoke about a gap of one generation (computer generation),
today we are talking about a maximum of a one- to
three-year lag. The remaining part of Europe and some
other non-European industrialized countries are now also
fast following in the question of computer utilization and,
although the gap between Europe as a whole and the
United States is stiII evident, it is quite clear that the
differences will rapidly vanish during the present decade.
In describing this gap, we have realized and accepted
that the European countries were "copying", more or less,
the approach to computers taken by the United States.
("Copying" being understood, of course, more as "following" along the same lines).
This also means very clearly that the educational
procedures in the various European institutions for higher
learning have taken up similar educational programs as in
the United States. They have been aimed to meet the same
level of sophistication as in the United States, which, of
course, is based on the assumption that the economics also
are quite comparable.
The question which arises now is whether the pattern
followed so far with the spread of computer knowledge
should be carried to other, non-European countries and
especially to "the developing countries.

need for utilization of computers in an area without
mentioning the socio-economic position of the same area.
Formal education in computers should, therefore, to the
largest possible extent, be an integrated part of the real
need in the area for socio-economic development. It must be
admitted that this is a very sensitive issue and an optimum
solution must be conceived as a very delicate balance between
wishful thinking and actual needs and possibilities.
It is probably gradually being realized that accelerated
economic development cannot be obtained solely by
delivering computer systems into certain areas, nor would it
help very much only to establish a university curriculum in
various computer science subjects. It is, on the other hand,
necessary to create a good "computer climate" and develop
a general understanding of the usability of computer
equipment and the benefits attached to the use of
computers in various subject areas in order, La. to promote

modern administration and management techniques.
In the industrially advanced countries, universities are
offering university curricula in computer science. It is,
however, much more the interplay between the universities,
research institutes, users in firms and industries, and
cooperation with the manufacturers of computer equipment that is promoting the understanding and intelligent
use of computers.
Without this interplay, the computer situation would
today have been exactly as predicted in the late 1940's with only very few systems installed for the purpose of
calculatory work and similar scientific use.
2. The problem of international cooperation for
conducting computer training and promoting computer
utilization in the developing countries gives rise to a series
of important questions:
Can we identify the needs for computer education in
the developing countries and is it possible to define the
capacity for absorbing computer education and computer utilization projects?
How do we envisage the coordination of economic
developing activities with computer education (countrywide programs)?
Is it possible to measure the effectiveness of expanding
computer education on the developing countries?
Is extensive computer utilization desirable for the
developing countries?
How do we secure a "balanced growth" in computer
activities and do we know any short-cut to introducing
knowledge of advanced computer processing?
It is strongly felt that even though computers have been
proved an extremely valuable tool, their role can only be
played with success in case, there is harmony between
"donations and response".
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We should fully accept that computerization is not
synonymous with maximum happiness, and any international assistance must therefore aim at supporting the
socio-economic development of a country and not just
placing emphasis on the computer as such. It ,is thus
desirable to carry out detailed studies of what type of
computer training should be offered at each level of
activity.
We should probably be careful before we open up the
floodgate to computer submersion in the developing
countries. It might be prudent to have a coordinated
international body study the impact of computer utilization on the socio-economic situation in the various
developing countries. This is mentioned because there is
evidently a growing belief among many countries that, if
just computers are introduced, everything will go well.
Thus, what is advocated is that any assistance should be
offered in such a way that the developing countries would
obtain a "balanced growth" with respect to computer
utilization. Any international assistance should therefore
aim at supporting the socio-economic development of a
country and not solely putting emphasis on the computer
as such.

3. On 20th December 1968, at the 1751st plenary
meeting, the General Assembly of the United Nations
passed a resolution (2458 (XXIII)) which will probably
prove to be of eminent importance to developing countries.
In extract, the General Assembly said the following:
"Convinced of the very special importance of computers, bearing in mind their 'increasing use, and recognizing
the beneficial effects and direct impact which the use of
their technical process may have in accelerating the progress
of vital economic and social sectors, such as planning and
programming of industry, transport, agriculture and urban
construction;
"Convinced that it is in the interest of all countries and
particularly of the developing countries to strengthen
international cooperation in this field and actively to
encourage the use of computer techniques and modern
technology on a world-wide scale ...
The General Assembly therefore
"Request ... a report from the Secretary-General which
will give special consideration to the situation of the
developing countries with regard to:
(a) the results already obtained and the needs and
prospects for the use of electronic computers in
accelerating the process of economic and social
development;
(b) the various forms which international action may take
to intensify cooperation in the field of computers;
(c) the role which the United Nations can play in
promoting international cooperation in that field with
emphasis on questions concerning the transfer of
technology, the training of personnel and technical
equipment."
This resolution will probably form the basis for
numerous decisions to be taken by the United Nations and
all its Specialized Agencies concerning the promotion of
computers in all fields and for the extensive utilization of
computers in and outside the United Nations offices.
Prior to this resolution, the United Nations has, of
course, been promoting computer utilization. Some 20
projects supported by the United Nations, UNESCO, the
International Labour Organization, the World Health
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Organization, etc., initiated during the past 3 - 4 years
have included provisions for computer utilization in their
plans. Reference can especially be made to the 5 - 6 ILO
management development projects, three of, which are
located in Eastern Europe, and to the United Nations
Computing Research Centre in Bratislava.
(The ILO management training centres are not solely
concentrating on computers, however, the concept of
computerization is an important and integral part of the
training, together with other topics such as operations
research, mathematical statistics, control theory, organization theory, etc.).
There may perhaps be some drawbacks in introducing
computer technology, so to say, through the back door,
namely, in the special case where the country is not yet ripe
to accept the idea of computerization for various reasons partly due to shortage of funds or no available educated
technical staff, or that the actual level of data handling is
not at all at a sufficiently sophisticated level.
At least four dominant factors should be considered:
the necessity to create understanding among Government
executives and top management of the benefits, if any, to
be obtained through computer utilization and, further, that
any action in the direction of introducing computers is
parallel with cost benefit analysis and careful systems
studies and, finally, that the factual need for trained
persons in the various computer specialities is determined.
The training to be introduced into the developing areas
must comprise the training of managers, executives, other
decision makers, scientists in all disciplines, engineers,
systems analysts, etc., besides training of ADP managers,
ADP technicians and operators, maintenance engineers,
systems and application programmers, etc.
Various ideas for promoting computer utilization and
offering educational programs could be considered. It is
important not only to offer education in planning
computer programs and the potential usc of computers in
various activities, but also to promote education in the
intelligent use of computers, so the training should also cover
such subjects as cost/benefit and cost/effectiveness analysis
and systems design/systems evaluation methods.
In this connection it is feasible to warn all countries
against the growing unjustified use of computer technology.
It must be remembered that a computer is capable of
producing a tremendous amount of "nonsense". (Usually a
printer attached to a computer system can produce 1,000
lines per minute, or perhaps something like 500 million
lines per year - and as there are now close to 100 thousand
compu ters in the world, we must certainly be very careful
of any step we make, which will add more computer output
to the world.
4. We have experienced that, in the countries which
are already great users of computers, there exists a
tremendous shortage of almost all types of trained people
required for working with the computers. This has given
rise to the question of the need for extensive training
programs and a discussion concerning what percentage of a
given population should actualy become computer involved. Certain plans have indicated this percen tage to be as
high as 5% - 10%.
It is probably even undesirable to plan for as much as
4% - 5% of the total working population to become
involved in computer activities. To dedicate too many
highly-trained people only to be concerned with a purely

tertiary activity such as "feeding a computer" will become
disastrous for any economic growth and it is certainly a
question of whether this is beneficial for the growth of the
economy of the world at all. Therefore, a more intelligent
and well thought out education plan should be implemented which would hopefully result in training people to
a much higher level, which will enable us to devote fewer
human resources to the field of data processing.
The developing countries should be extremely careful
when planning for educational programs for computer
procedures. Undoubtedly such programs will become very
attractive to many and this might entail an unbalanced
pattern in the demand for higher education.
5. Even if it is generally accepted that computers can
contribute to economic development, it is not given that
the same mistakes experienced in the computer pioneering
countries must be repeated elsewhere. Various international
organizations have, therefore, a great responsibility and a
great role to play in promoting the intelligent use of
computers in relation to economic development projects,
but such international organizations also have a responsibility for leading the developing countries on the right track
in the utilization of computers.
It must be brought out that it is not only the cost of
computer equipment itself (which is, of course, often
considerable) but the cost of training personnel for the
work of planning and operating the computer and the costs
involved in developing the complex programs and systems
which are overwhelming. Failures have been extremely
costly over the past ten years in most of the highly
industrialized countries and such failures could be
catastrophic in the more economically weak ones.
lt would certainly be desirable if some international
committee, perhaps under the auspices of the United
Nations, could analyze the criteria for effective computer
procedures in various environments and then, based on such
an "established criteria", carefully prepare training pro·
grams for each special condition.
6. At most of the recent computer conferences, highly
responsible people have expressed concern and great
disappointment with the actual performances of computers
and people. It is a generally recognized phenomenon that
the great majority of personnel nOW working in the
computer field has been insufficiently trained and, not only
that, but the personnel are far too often given greater
responsibilities than they can handle; and, further, many
implemented applications and systems have been forced
through much too rapidly.
It may therefore be a good idea to pool all possible
efforts in helping the developing countries in using
computers into some well prepared plans which would
enable these countries to obtain sufficient understanding of
all the benefits and' drawbacks of computers and enable
them to establish suitable training programs which will
concentrate on the relevant aspects of computer work,
including good techniques of systems analysis, systems
study, systems engineering, systems testing, systems
evaluation, etc.
It must be realized, of course, that local people
experienced in the special conditions of their own country
must be considered the most qualified to evaluate actual
needs and requirements and, therefore, to make careful
planning. It is thus felt that the best return would be

obtained by investing in education programs rather than
bringing a large number of foreign experts into regions, and
by donating various types of computer systems to those
countries.

Support for some computers will perhaps be required in
order to "get the ball rolling" and ensure that a computer
system is available for the training. It is strongly
recommended that most of the training given by foreign
experts should be offered in the developing countries
themselves or at some regional centres.
Still another and perhaps even more advantageous
approach, would be to incorporate computer training and
computational aspects into the various disciplines taught at
universities and technical schools, such as computational
methods in health sciences, economics, sociology, business
administration, engineering, law, etc. After such basic
training has been given locally, it might be valuable to
expand the experience by sending selected students to
specially chosen places in a country where computers are
already in extensive use. It is felt advisable to base
computer training on the perspectives of the actual or
anticipated use of computers in a region.
It is probably more difficult to relate the concept of
computers to the potential areas of usage than just teaching
computer programming, etc. It should be mentioned here
that the World Health Organization has assisted several
countries in Latin America in applying computers to health
problems and several courses of medical computing have
been conducted for the member countries of the Pan
American Health Organization. A plan for a training and
research project for medical computing in Latin America
has also been discussed between some countries and the
World Health Organization(UNDP. The International Labour Organization's management training centres are also,

as mentioned previously, examples of demonstrating the
benefits of computers in a specific subject area.
It is realized that many newer methods for teaching will
have to be introduced, such as video tapes, television
programs, and travelling computer schools with computers
loaded on trucks. International organizations and foundations should also establish a semi-permanent staff of
teachers, which could be integrated into the programs on
short notice.
7. Education for computers can be conceived in
various ways. There are three distinct different educational
approaches to the concept of introducing computer
utilization into the developing countries.
One concept is to offer training in the numerous
theoretical and practical aspects of computer technology. It
is ascertained that computer technology is bound to
penetrate into all countries and it must be an international
task to promote this and accelerate the utilization of
computers and to bring all countries up to a high-level of
sophistication. Computer science is conceived as an
independent science which ought to get a central position
in any (technical) university. It is generally accepted as a
task in the industrialized countries, to promote such
teachings in computer science on the university level in
developing countries.
A second approach is based on the assumption that
computers are really essentially for solving economic and
social problems and the main task is, therefore, to identify
the needs for education at each level of development and
then carefully prepare plans for bringing the countries in
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question up to the next
sophistication ... and so on.

higher

level in computer

In a recent report, the countries of the world were
divided into 4 - 5 groups according to their actual status in
computer utilization (such as rudimentary, basic, operational, advanced). By following this second approach, it is
necessary that the need for educational programs at each
level of development be determined.
Still another approach is somewhat more complicated.
It is ascertained here that the developing countries need
various kinds of assistance in order to promote economic
development. The kinds of need would have to be
identified by the countries themselves in cooperation with
some international advisers. It is recommended that the
objectives and strategy for the development of the country
be identified and the activities divided into large-scale,
long-range plans and short-term projects. The project for
development decided upon may eventually require the use
of computers, and the necessary education and training for
this specific purpose will then be initiated. Here, computers
have no meaning per se, but the utility of computer
utilization will' evidently be demonstrated.
Each of these three approaches has interesting features
and gives rise to intricate problems such as:
is it possible to define the state of "computer
development" for each country in question;
how can international organizations assist;

how can the United Nations become involved in each of
the three approaches and would it be advisable to
establish national and/or regional training centres for
such purpose;
should training be conducted by international specialists or by local people trained abroad;
on what kind of computer training should most
emphasis be pu t:
should standardized educational packages be used;
is .Jeap-froggmg" desirable, or at all possible.
While the first approach relies solely on computer
specialists, the second approach will require that the
experts coming from outside are fully aware of the various
levels of development and what type of training should be
offered at each level. The third approach requires
something more than computer scientists) that is to say,

experts with dual background in economics and computer
procedures.
8. The policy and the techniques of introducing
computers, computer training and computer applications
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into developing countries seems rather unclear. It is felt,
therefore, that what is needed is a concerted action by
international organizations. It should probably be in the
hands of the United Nations to define what role computers
could play in the Second Development Decade and how the
best education schemes could be promoted.
By proposing new international activities, the already
existing, many faceted, activities should not be by-passed in
silence. UNESCO, ILO, WHO, and the UN have already,
during the past several years, organized training centres, and
have also established centres where computing has been
taught and provision for computer technology incorporated
into the projects. The lEI/ICC in Rome has also been
responsible for certain training activities for the developing
countries. The IFIP administrative group (lAG), Amsterdam, has also, during the last couple of years, been
sponsoring extensive courses in file techniques, methods of
computer programming, systems analysis, etc.
The Computing Research Centre in Bratislava enjoys
very special conditions. The Centre is focussing its activities
on research and development work. In the field of
statistical data processing, the Centre is cooperating closely
not only with the Government of Czechoslovakia, but with
all member countries of the ECE. Its work is to a large
extent underwritten by the Conference of European
Statisticians. Although the Centre naturally carries the
responsibility for training local staff in advanced methods
of computing, the education aspect is more incorporated
into a "training on the job" through its research projects
for the above mentioned agencies. The Centre is ensuring
that Czechoslovakia, together with other interested countries in the region, is able to participate in the rapid
development in computer and data processing applications
which is taking place in some of the leading coun tries of the
world.
9. In this paper, a mixture of proposed activities and
actual projects is presented. It is probably evident that
much more is to be done in securing good methods for the
transfer of knowledge of advance computer utilization
methods from the experienced to the less-experienced
countries. Evidently, some identification of training
methods is required in implementing such training
programs.
Also, an overall international policy for computer
application is necessary; however, the United Nations
General Assembly is aware of the urgency of this matter
and, at its coming twenty-fifth session, a report prepared by
the Secretary-General will be presented.

THE

TASKS

COMPUTER

AND

PRESENT

EDUCATION

IN

STATE

OF

HUNGARY

I. Kadar and L. Pesti

The development of computer techniques in Hungary
actually started in the 50's. This development significantly
changed and extended demands in the field of education. In
this respect, the most considerable progress can be noticed
in the last three years. All these trends and developments
are in accordance with the same evolution experienced in
other parts of the world.
However, at the same time, it can be stated that the
supply of computer-personnel does not reach the development level of those countries which have a higher average
standard.
This backwardness should be brought to an end by
realization of a plan according to which during the coming
16 years (from 1970 to 1985) one and a half thousand
computers will have to be obtained and installed in our
country.
In addition to this has to be taken into consideration
that the number of the small and medium-sized data
processing centres will be increased to a greater extent as
well. According to calculations, during these 16 years,
approximately 50,000 computer experts are to be trained
and set to work. This means that about 4-5,000 individuals
have to be educated yearly, taking into account that there
is always a certain dropping out of students.
This training problem can be solved only partly within
the framework of a school-system education, where strictly
speaking, the teaching is limited to providing basic training.
The main part of the training program has to be realized
primarily by courses in computer education, the aim of
which is, first of all, as mentioned before, the introduction
and spreading of computer science.
Secondary education should provide the students with
basic information about computers. In this way) it is hoped
to insure that students leaving secondary schools have a
general view and understanding of these factors.
Later, having acquired the necessary knowledge on the
possibilities and applications of computers, they will be
able to decide what kind of job they can perform and
which are the right computer centres for them to select for
given work.
There are several secondary schools where, within the
scope of polytechnic. training, students get acquainted with
the different machines and computing techniques.
There are also specialized secondary schools for training
students in the field of management automation and
organization. Students attending such schools are trained to
work later as laboratory technicians at different computer
departments.
The complete revision of the whole training program,
having just recently been started is a task of capital
importance. In this respect, mathematics and physics are
the two main subjects which have to be taken into
consideration first of all.

In the field of physics, students have to be made
acquainted with such problems as integrated circuits,
semiconductors, etc ..
In the education of mathematics, the so-called "pure
mathematics" have to take the second place, while applied
mathematics, the probability theory, mathematical programming, mathematical statistics, network analysis, etc.,
must be in the forefront.
New subjects, such as system theory and system design,
dealing with the significant characters and rules of various
systems and with the most important principles of
organization, should by all means be included in the
curriculum of secondary education.
Regarding higher education within the faculty of
electrical engineering, a special computer section has to be
set up.
Similarly, a t the University of Economics, next to the
faculty of mathematical planning which provides for
training professionals in the field of econometrics and
operations research, a section of systems organization must
be established.
The applied mathematical section at the philosophical
faculty has also to be developed further, with special regard
to practical knowledge.
These types of basic subjects should also be taught at all
the other technical and economic high schools. (Academy
of Commerce, Finance, Engineering, etc.).
Another important educational task is to compose
text-books and manuals of programmed instruction. This
work is already in progress at a rapid pace, primarily at the
University of Economics. According to our plans, computers themselves should be used as teaching aids. However,
at present, computers are used only for demonstrations in
the field of education, because available technical and
machine capacity do not allow the students to work on the
machines by themselves. This technical backwardness
explains the lack of usage of computers for instructing or
testing pupils. Nevertheless, the rapid growth of our
computer basis will also promote a considerable progress in
this relatively undeveloped area.
For many years to come, the training of experts in
Hungary will be based primarily on a course education
system. This means that only professionals with sufficient
computer experience and background can attend the
different courses. (Technical leaders graduating from the
Technical University and participating in various re-training
courses, are exceptions.) The main branches of the course
education in the field of computing techniques are as
follows:
- system organizer
- programmer
computer engineer
computer operator.

Il/297

In the last 10 years, approximately 12,000 persons
obtained a diploma after successful participation in these
technical courses. In the year 1969, more than 3,000
certificates were issued.
The courses for system-organizers last for 540 hours.
Participants, mostly possessing a university diploma, will
attend 180 lectures.
Students have to take part in practical training as well.
Certificates will be issued after having passed 7 oral and 2
written exams and following the preparation of a final
diploma work.
The main subjects of the courses are as follows:
Computer fundamentals
Computer programming
System design
System organization
Operations research and mathematical methods
Computer applications
Programmers are trained in 2 sections: programmers for
data processing; programmers for computing teehniques
have to be trained separately.
The main subjects in the Data Processing Section are:
Mathematics
Computer and programming fundamentals
Data processing machines and methods
COBOL, programming language
Operation of computers
In the section of computing techniques, the programming languages ALGOL and FORTRAN are taught instead
of COBOL, and the number of lectures on organization and
data processing has been reduced in order to increase the
time spent on mathematical training.
We are also organizing courses for computer technicians

and operators. These courses are generally interrelated,
aiming at providing the necessary knowledge for a given
sphere of activity.
Last year, we have set up an "Education Centre for
Computing Techniques" which serves as a basis establishment for course education. Tasks and aims of the
Education Centre are as follows: to organize and conduct
courses within the framework of a unified professional
training system; furthermore, to provide up-to-date
teaching materials and methods for special courses to be
organized and coordinated at various institutes for
computing techniques.
The training of technical and economic managers at
different levels, in order to enable them to take advantage
of computer usage, is another important aspect of
education.
Managers' training courses, based on a living-in system,
usually last for a period of 1-4 weeks. These courses,
besides covering the basic concepts of computers, deal with
certain problems of systems organization, with special
emphasis on actual computer applications in the course of
economic decision making. (Comparative evaluation of
investment projects, business games, various problems of
business strategy and financial policy.)
The Managers' Training Centre, a co-ordinating body
for training managers, owns a computer-centre established
under the sponsorship of UNESCO. On the one hand, this
National Centre is actively participating in education and,
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on the other, promotes and coordinates the various
manager-training courses organized by different ministries.
Training of the "partners", which means the education
of the potential and actual customers of computer centres,
is another significant task.
In accomplishing this task, television has an important role
as well; namely, the most important questions are dealt
with in a series of television broadcasting.
There are many other big tasks also to be solved in
connection with the continuous education of computer
specialists. In this respect, the John. v. Neumann Society
for Computer Sciences (Hungarian member society of IFIPJ
is playing a significant part. This Society is responsible for
organizing lectures and mutual exchange of information
about the different results of research work carried out in
various sections, such as: hardware, software systems
organization, system theory operation research and technological applications.
The Board of Directors of the Computer Centre acts
within the framework of this Society with the purpose of
insuring the exchange of working methods among directors
of different computer centres. This information exchange is
related to air kinds of management problems, starting from
the computation of wages, through the appropriate
planning and organization of computer installations, up to
the widest variety of problems which managers have to
face.
Extensive training is being influenced by two decisive
factors. In one respect, the work performed in the field of
operations research is remarkably advanced owing to the
fact that the cultivation of mathematical sciences already
has a considerable tradition in Hungary.
On the other hand, the computer basis in our country is
not sufficient. Therefore, in the education of certain
subjects such as telecommunications and various technical
problems, we have to rely mainly on foreign literature.
The task of training highly qualified instructors can be
considered as one of the most important objectives of the
educational activity. In this field, the Hungarian Academy
of Sciences, the different universities, and John v . Neumann
Society for Computers Sciences have to play an important
role. In our opinion, the Education Department of IFIP,
instead of concentrating primarily on mass education,
should stress the importance of training instructors who are
able to teach others at an advanced level.
By educating future instructors, it should be kept in
view that not only their theoretical, but also their practical
experiences and knowledge must be increased and
extended. This makes it necessary that not exclusively
professional instructors should take part in the training
activity, but also that specialists should be invited to join
this work who are well informed and experienced regarding
the main practical problems and their solutions.
The future development of education of computing
techniques will be promoted to a great extent by the
effectuation of a development program of computing
techniques approved by the government. In this program,
the problem of education is primarily emphasized. In this
way, it is hoped that the educational system will meet the
continuously increasing requirements of the fast development characteristics of our days.
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1. THE SOCIO-ECONOMIC SETTING OF HONG KONG
Hong Kong, situated just off the coast of China, has a
land area of less than 400 square miles, but a population of
over four million; it is one of the most densely populated
areas in the world. In terms of business activity, Hong Kong
boosts some 80 international banks with over 300 offices,
ten thousand factories of various sizes, and a labor force of
over 1.5 million; it has a busy seaport, and is serviced by
some thirty international airlines. Although politically a
British Crown Colony, Hong Kong has its own currency,
which is strong and freely convertible, reflecting the
importance of international trade in Hong Kong's economic
scene.
In terms of education, about 700 000 were enrolled in
primary schools, 241 000 in secondary schools, and 25 000
in technical and teacher-training colleges. Two universities
(the University of Hong Kong and the Chinese University of
Hong Kong) enrolled 4 800 regular students; about 15000
more took occasional evening courses offered by the two
universities'extramuraldepartments.
2. COMPUTER
MID-1967

POPULATION IN HONG KONG IN

There were eight computer installations in Hong Kong
as of mid-1967. Of these, three were owned by service
bureaus of computer manufacturers, and one was used by
the government for statistical work. The University of Hong
Kong had one in its civil engineering department. The
remaining three represented commercial applications. There
were no independent computer consulting services nor
computer software firms.
3. THE BEGINNING OF COMPUTER EDUCATION IN
HONG KONG
Generally, these computer installations were headed by
expatriates; staff members were either recruited from
abroad or trained in-house. Although occasional lectures
had been given by representatives of computer manufacturers to select audiences, off and on, there were no courses
available to the general public.
This situation was changed by the Chinese University of
Hong Kong (CUHK) in September, 1967, when its
extramural department sponsored a course in computer
programming. Partly to fill an urgent need, and partly to
test the sincerity of enrollees, the course deviated from the
usual pattern of extramural courses by (I) scheduling the
classes as a six-week, 40-hour-per-week activity (as opposed
to the usual pattern of once-a-week in the evening for 15
weeks), and (2) charging a tuition at about 30 times the

usual pattern. Surprisingly, the course was oversubscribed;
even more surprisingly, many resigned from their regular
jobs in order to avail themselves of taking this course.
The results of this pioneering effort were less than
satisfactory, for several reasons. First, because computer
programming was new to the director of the extramural
department, he relied heavily upon computer manufacturers for course planning. Second, because the CUHK's
computer installation had yet to arrive, the course had to
use the computer manufacturer's facilities for students'
hands-on experience. This package deal resulted in students'
studying assembly-language programming of that manufacturer's computer in Hong Kong. Third, because computers
had become such a glamorous term, students were dreaming
about high-paying jobs upon completion of the course.
When this dream failed to materialize, many were greatly
disappointed; indeed, to those who resigned from their jobs
to take the course, it was a big blow.
4. COMPUTER EDUCATION TO HONG KONG MANAGERS
It was about that time, in early September, 1967, that
the author sent in the final draft of his then forthcoming
book (Accounting, Computers, Management Information
Systems, McGraw-Hill, 1968) to the publisher, and
arrived in Hong Kong. Almost immediately, he was asked
by the secretary of the Hong Kong Management
Association, a government-supported management-education agency, to set up an EDP Committee with
responsibilities to plan, mount, and staff computer-related
courses to be offered under the sponsorship of the
Association for business executives of Hong Kong. This the
author agreed to do.
Although results discussed in the preceding section were
yet to unfold, the author recognized the possible effect of
heavy reliance upon computer manufacturers' personnel
and facilities. Accordingly, the EDP Committee's initial
membership of six consisted solely of users: four with
installations and two with computers on order. This
arrangement proved to be entirely satisfactory and
workable.
The EDP Committee launched its activities by the
author's offering a one-day course entitled Top-Management Seminar on Computers/Management Information
Systems. It was felt that top-management's lack of
understanding of computers was one of the major reasons
for the small computer population in Hong Kong. It was to
attack this issue that the course addressed itself, which
covered the foUowing topics:
I. INTRODUCTION TO COMPUTERS
Historical development of computers
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Components of a computer system
Computer operations
II. COMPUTER PLANNING
Strategic planning, management control, operational
control
Computer objectives
The computer-planning process
III. ECONOMICS OF COMPUTERS
Costs of implementing a computer installation
The feasibility study
Criteria of computer selection
Hiring a computer versus using a service IV.
Information flow and the management cycle
Management information systems
Man-machine interactions in management information
systems
V. RECENT DEVELOPMENTS AND MANAGEMENT
IMPLICATIONS IN THE COMPUTER AGE
Recent and prospective developments
Management implications
Summary
Following that course, which was oversubscribed and
judged a success, the EDP Committee designed a seven-part
course that treated some of the above topics to a more
detailed analysis. These topics, each lasting about
two-and-one-half to three hours, were as follows;
1. Introduction to computers (movies and discussions
about the relative roles of man and machine in a
computer environment)
*2. Costs of implementing a computer installation
*3. Feasibility study
*4. Site preparation and other preliminary considerations
5. Staffing
6. Integrating computer operations into the existing
organiza tion
7. EDP from the users' point of view (panel discussion)
Although computer manufacturers' representatives were
not invited to be EDP Committee members, their
participation as guest lecturers were welcome. Generally,
the Committee and guest lecturers reached agreement
beforehand as to topics to cover in each session; these guest
lecturers also understood that mentioning their company's
product lines was to be avoided if possible. In the above
list, the three sessions marked with an asterisk were led by
computer manufacturers' respresentatives. Because this
arrangement made their presentations more professional,
these representatives were anxious to be invited. In all
sessions, the author, as the chairman of the EDP
Committee, introduced. the speaker and assisted in handling
questions; he also served as the moderator for the final
session. The course was again judged a success.
In addition to these, the Committee designed some
advanced courses, such as Auditing of Computer Systems
and Designing Management Information System, to appeal
to more knowledgeable managers and professionals. Again,
they were well received.
Because of the rapid growth in economic activity and
the high turnover among Hong Kong executives, the
Committee offered the two basic courses on an annual basis
and designed additional advanced courses to appeal to a
growing group of executives knowledgeable in computers.
To make the top-management seminar a prestigeous
offering, the Committee occasionally invited compu ter
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experts from abroad to present it. Aside from prestige, the
coverage by these experts was similar to that by other
knowledgeable persons resident in Hong Kong.
5. COMPUTER EDUCATION TO UNIVERSITY-LEVEL
STUDENTS
In February, 1968, the Chinese University of Hong
Kong took delivery of an IBM 1130 with disks. A
Computer Centre was set up and a Faculty Computer
Policy Committee was appointed to oversee the Centre's
operations. The author was a member of this Committee.
Since the computer was intended mainly for faculty
and student research, the Committee. felt that top priority
should be given to initiate faculty members into its use.
Accordingly, a two-week course on FORTRAN IV was
offered to a small group of interested faculty members.
Some of these faculty members were able to write programs
~nd begin their research activities upon the completion of
this course.
A few faculty members who were particularly adept in
computer programming or who had some computer
experience while studying abroad were then identified.
These faculty members were encouraged to do more
experimental work and to introduce computer applications
to their students. The following term, three sections of
FORTRAN programming course with examples from
mathematics and physics were offered to about 200 science
students; one visiting professor in mathematics also offered
a course in numerical analysis. The following term after
that, additional sections, with examples from business and
social sciences, were offered to students in these curricula.
The author also invited students, faculty, and business
executives to a day-long management decision-making
simulation exercise with use of the computer. Course
offerings in computer programming had since been a regular
part of the university's program.
To further popularize the use of computers to
university graduates, particularly to those who went into
secondary-school teaching, the CUHK began to offer a
short course on FORTRAN programming to these people
on a regular basis. They were also encouraged to make use
of the IBM 1130. It was felt that, by providing this
exposure, computer education to pupils in secondary
schools could later be instituted.
6. THE ROLE OF GOVERMENT AGENCIES
COMPUTER EDUCATION IN HONG KONG

IN

Financing of education in Hong Kong is handled
through a governmental agency known as the Universities
Grants Committee (UGC). Although the computer
installation at CUI-lK was a gift from a philanthropic
foundation, the UGC was; as the author later found out,
extremely interested in computer education.
Because of the inadequacy of IBM 1130 to handle other
high-level languages, of the need to provide better
turn-around time to. stimulate faculty and student interest,
and of the high population density of Hong Kong, the
author later felt that Hong Kong was ripe for a time-sharing
computer facility and approached the secretary of UGC. It
turned out that the secretary of UGC had this idea in mind
all along, but felt contrained in taking the initiative to
suggest it.
With this information, a Joint Computer Facilities

Committee, composed of faculty members at the two
universities in various academic disciplines, was formed.

The author 'was a member of that Committee; the secretary
of UGC served in' an informal capacity. The Committee
surveyed faculty needs, established computer objectives,
designed bench-mark problems, wrote bid specifications,
and invited proposals from about a dozen computer
manufacturers. After initial evaluation from proposals
submitted, the Committee was in the process of selecting
one among four systems. When selected, that system, along
with personnel and other items, would be funded by the
UGc. This direct support, along with indirect support
through the Hong Kong Management Association and the
two universities (all financed by the government), reflected
the vigorous interest of the government of Hong Kong in
computer education.
7. THE ROLE OF FOREIGN EXPERTS IN COMPUTER
EDUCATION IN HONG KONG
In §4, the author commented upon the possible effect
of using the services of computer manufacturers'
representatives in computer education. For a developing
country, the only other alternative to providing expert
knowledge in computer education would probably come
from foreign experts. Based upon the author's experience,
some were easily frustrated by the less than state-of-the-art
status and tended to push sophisticated ideas too soon and
too fast. In order for home-country leaders in government,
business, and teaching to take computers and computer
education seriously, big gaps must be filled and needed
confidence must be instilled; both would take time. In
addition, best results probably would be achieved when

further responsibilities in computer education could be left
in the hands of home-country citizens, once they were
adequately equipped. This would strengthen learning
motivation, instill additional confidence, and remove
possible language barriers. The best role foreign experts
could play, it seemed to the author, would be to provide
initial guidance, in an advisory capacity, consistent with the
economic development, practical necessity, and educational
capabilities of the home country and its citizens.
Tile author followed this approach in his two-year stay
in Hong Kong. When he left Hong Kong in September,
1969, there were 57 computer systems in operation or on
order. A local society of computer-related personnel was
also un der way.
8. CONCLUSION
Computers and computer education are glamorous
words, particularly to citizens of developing countries.
They at once represent participation in a dynamic field as
well as reflect economic and educational maturity of the
country. Aside from funds to finance the acqUisition of
computers, key problems facing developing countries in
adapting to the Computer Age seem to be (I) the need to
make government, business, and academic leaders aware of
computer's implications, (2) facilities to train computer
programmers and systems analysts, particularly the latter,
and (3) opportunities to use computers in a meaningful way
for statistical business, or research purposes. Government
agencies, directly or indirectly, probably would have to
exercise leadership in computer education in developing
countries. The assistance of foreign experts probably would
be needed, particularly during the initial phase.
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1. INTRODUCTION
Paraguay, an inland Latin American country comparable
in size with France, Spain or Sweden, and larger than
Germany, Italy, or the U. K., is populated' by only
2,200,000 inhabitants. Nearly a quarter of this population
is located in the capital city, Asuncion, and more than 80
·percent of the entire population lives within a semicircle of
50- mile radius, its center point in Asuncion. This
unbalanced distribution becomes, however, quite convenient for all centralized, unified plans.
Today (January 1970), Paraguay has also the strange
characteristic of being one of the few countries in the world
with no computers at all. Even though a few have been
ordered, this anomalous situation gives us the almost
unique opportunity of planning the country's entrance into
the computer era in an orderly fashion. Whether or not full
advantage will be taken of this opportunity, I am not able
to predict. However, one action in the right direction, I
feel, is the project 'Computer Primer at Secondary Schools',
the subject of this paper.
2. SPONSORSHIP
The program is jointly sponsored by the Ministry of
Education, the National Computing Center, and the
Paraguayan Computer and Information Processing Society.
3. OBJECTIVES
Having observed in most other countries -even in Latin
America- the common misconceptions about computers
and the aura of suspicion which surrounds them, together
with the great shortage of programmers and other computer
personnel, our aim is to reach all high school senior
students in the country and to give them some idea of what
a computer is; its main applications; subsequent computer
courses; the career opportunities, and possible future
trends.
4. STRUCTURE
The intention is to complete this in only three one-hour
sessions per class, not eliminating the possibility of
organizing follow-up courses (probably programming
courses) in those schools where receptivity is above average.
The program for the sessions is the following:
1st. session
The electronic computer; Its components;
Input and output; Programming languages.
2nd. session An instructive film, to give a more realistic
picture of the computer in operation.
3rd. session
Computer applications; Use of computers in
all aspects; Computer careers; Future trends.

In order to avoid the common misunderstanding that
computers are exclusively related to mathematics and
science, the approach should not be a technical one.
Examples and applications should also be drawn from the
administrative, industrial and humanistic fields.
Extensive use will be made of visual aids. The academic
part will be as short as possible allowing a question-andanswer period to cover any points the audience wishes to
raise and so eradicating common misconceptions.
5. EXECUTION
For the school year starting in March 1970, there will be
200 senior classes in the country with a total number of
students estimated at 5,500. While one-third of the classes
will function in Asuncion, they will contain about half of
the students. The number of final-year students per school
varies, but, even in the worst conditions (an average of 50
students per class in the teachers' schools in Asuncion),
sizes are manageable. This allows, using as parameters, the
number of classes, instead of the number of students.
For schools in Asuncion, sessions will take place on the
same weekday at one-week in tervals while, for schools in
other towns, they will all take place on the same day to
minimize transportation and lodging costs.
A team of six lecturers will be in charge of the courses.
This number was arrived at by taking into consideration not
only the number of schools in the interior, but also the
need to be ready to give lectures either in the morning,
afternoon or evening, in Asuncion. There will also be a
director for the project and a person in charge of
coordination at a practical level.
6. BUDGET
The total budget of the project reaches US $ 3,000,
which is low considering its benefits. Schools with financial
possibilities will be asked to pay US $ 8 towards expenses,
and those located in the farthest communities will be
requested to give board and lodging to the lecturers for one
day. The expenses which are not covered will be shared by
the three sponsoring institutions.
7. IMPORTANCE OF THE PROJECT
Computers, with their accelerating influence, must play
an important role in. the development of a country; more
so, if the country is underpopulated yet rich in untouched
natural resources. Their extensive use and application will
depend on their acceptance by the people, which, at the
same time, will be influenced by a widespread knowledge of
their virtues and limitations.
This can be attained only through a comprehensive
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program, to give the right kind of knowledge to the right
kind of people, ranging from appreciation courses for
government and private managers, high level courses for
scientists and technicians to mass-media communications
for the general public. If this project for secondary schools
is successful and is repeated annually, it will certainly
constitute a definite move in the right direction, not
through any information they might acquire in only three
sessions, but because their curiosity may be aroused; so
leading to the desire for further knowledge. Pressure could
also be brought to bear upon the teachers and later the
university lecturers, thereby increasing the use made of the
computer. In fact, this may cause the realization that
change is possible, using the computer as a tool for national
developmen l.
8. CONCLUSION
We think this a bold and valuable project that could be
applicable in other countries as well. The Paraguayan
Ministry of Education is considering to present it as a
possible Regional Project in the next meeting of the Latin
American education authorities to be held in Valparaiso
(Chile.)
Unfortunately, today this is only a plan, but by August,
when the Conference takes place, we should have some
actual experiences to share.
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1. INTRODUCTION

The subject of this paper is concerned with the
experience obtained in the training of personnel in
electronic data processing through an organization created
by the Chilean Government in order to develop a national
computational plan, which is being orientated mainly to
institutions of the public sector.
The purpose of this information is, therefore, to show
the results obtained up to date, emphasizing some aspects
that, through our experience, we consider could be useful
in the development of training programs of some countries
that are presently initiating the use of electronic data
processing systems.
1.1 what is EMCO?
It is accepted that many senior executives do not have
all the information needed for their function, and, for this
reason, it is difficult for these officials to correctly define
national problems and to prepare effective solutions. In
order to be able to plan and control at different levels it is
necessary to have available all the data possible to
determine exactly the present situation and later on to
control the fulfilment of the desired objectives. The Chilean
Government, knowing this situation, decided to create, in
September 1968, a central organization to. provide
electronic data processing service for those institutions that
had sufficiently large volumes or complex information
processing requirements to make the use of computers
economically viable.
This central organization denominated Empresa de
Servicio de Cornputacicn Ltda., EMCO, presently owns
three IBMf360 systems (Models 40-G, 40-H and 50-H).
The data processing services that EMCO offers to
different institutions are as follows:
a) EMCO operates computers on which users can buy
block time. In this case the users provide full systems
development and programming. Presently EMCO is
developing multiprogramming, which allows the users
to operate in service modality.
b) EMCO provides a consultant systems development
service and a programming service. In this case the
policy is for the user to provide a proportion of the
systems analyst staff, thus ensuring that the project
personnel include members with inside knowledge of
the users' problems.
This means that, in both cases, the users must have well
trained technical personnel in quantity and quality, in order
to obtain the maximum of efficiency and progress.
This is the reason why EMCO has created the Training
Division, so as to carry out a training programme which is
Showed into the next point.

1.2 TrainingProgramme
The seminars and courses that EMCO is developing have
two different characteristics to others being performed in
Chile:
a) The seminars and courses are offered as first priority to
the EMCO's present of future planned user institutions,
that is, to those organizations which really need or will
need to train personnel in computation. This ensures
that the subjects taught by EMCO will be utilised
successfully in the future. We emphasize this because
we know of various institutions where, having given
these courses, a great deal of the effort spent in training
is completely lost, since many of the students do not
have the opportunity to apply their knowledge. This
doesn't mean that EMCO objects to the training of
people who will not make immediate use of the
knowledge and techniques learned, but it will itself give
first priority to the staff of those institutions which
need urgently to have technical personnel duly trained,
since competent personnel in the computer field are
scarce.
b) EMCO's courses, besides giving the necessary technical
knowledge, are basically practical, to ensure that the
graduate becomes a productive member of a computer
staff in the minimum time.
It is accepted that a new graduate programming student
needs a period of initial practice during which an
experienced programmer supervises the new man's work
and passes on his own experience, especially those
techniques which are concerned with debugging.
Training in this area may be very costly (in computer
time, etc.) and it is difficult to make it really
comprehensive. By post-training supervision, it is possible
to reduce the difficulties the new programmer has when
facing situations which he has not met before.
2. SEMINAR FOR EXECUTIVES

2.1 Background
Normally the training programs of personnel in
electronic computation contemplate exclusively the formation of technicians, namely programmers, operators, etc.,
neglecting a,fundamental aspect, which is the training of
executives, who will be responsible for the applications of
electronic data processing systems used in their institutions:
On the other hand, when seminars for executives are
developed, the majority of them are limited to general
explanations, e.g., how the computers work, etc.
Consequently, they do not give the necessary orientation to
these executives in order for them to understand the real
problems they will have to face concerning the organization
and administration that is essential when working with
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computers in order to be able to obtain the highest
efficiency.
2.2 Objectives
The. main objective of this seminar is to show to the senior
executives of the public institutions of the Chilean
Government the basic characteristics of an electronic
computer, the advantages, limitations, and problems to be
faced when organizing an electronic data processing unit
and, especially, the role to be played by the administrator
in the developing of information systems based on
computers.
2.3 Participants' requirements
The participants in the seminars must be the executives
responsible, in each represented institution; for the
application' of the electronic data processing systems.
Normally these executives belong to the second level of
the organization reporting directly to the Director of the
institution.
2.4 Characteristics of the seminar
Due to the fact that the participants in the seminar are
high level executives of public institutions and for this
reason they cannot leave their functions for a long period
of time, the seminar has been planned for four half-days.
In order to hold detailed discussions of the subjects
presented in each section in which it is desired to have
maximum participation, the seminars are limited to twenty
persons.
The four sections last approximately three hours each
(talk: two hours; discussion: one hour) and deal with the
following subjects:
a) Introduction to the administration of the Information
Systems and computers
b) Stages in the development of a computational system
c) Organization and personnel for electronic data processing
d) Managerial responsibilities and some application areas.
It can be seen the seminar is orientated to give to the
executive the tools to obtain the maximum of efficiency
and development of electronic equipment, once they know
the possible uses of the electronic computer and the steps
to follow when effecting a determined application, as well
as the organization needed in the data processing area.
The subjects contained in the seminar are indicated in
Appendix 2.1.
2.5 Experience obtained
One interesting aspect that should be mentioned is the
fact that it has been very useful to invite to participate in
this seminar employees with and without any experience in
'electronic data processing,,. since those that have faced
E. D. P. problems give to the rest of the participants real
examples which help the inexperienced executive to avoid
errors committed by themselves, as well as giving them
some previous solutions of typical problems that usually
appear in electronic data processing.
This is important from the assistant executives' point of
view because, as apparently for them, the requirements on
problems concerned with documents codification, forms
designs, personnel training, etc. narrated by a participant in
the seminar is more valuable than the actual lecture even
when the problems inherent in electronic computation are
emphasized.
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In addition, we consider it important to maintain
permanent contact with the participants in our seminars,
since this contact permits us to know and discuss the
problems faced by them.
3. SYSTEMS ANALYSIS COURSE
3.1 Background
It is a well known fact that the majority of the people
presently working as systems analysts, all around the world,
have not had a systematic education to perform these tasks,
since normally they are experienced programmers; this is
also the situation in Chile.
Facing the shortage of systems analysts, who are
essential to handle applications in electronic computation,
EMCO's Training Division initiated a search of the
appropriate educational material to develop a course to
train these technicians.
As a result of this work, EMCO imported from England,
in April 1969, a course designed by The National
Computing Centre Ltd., of England, Denominated Basic
Systems Analysis Training Course Mark II, which has been
used in that country since 1966, in the Mark I version.
3.2 Objectives
The objective of this course is to train a "junior systems
analyst", who will have to work for one or two years under
the supervision of an experienced analyst. At the end of
this period, the junior analyst can take an advanced course
and thus, duly trained, he can become himself a senior
systems analyst and eventually a project leader.
3.3 Student entry standards
This is a fundamental aspect, due to the fact that a
great part of the success of the course will depend of the
exact fulfilment of these requirements. Due to the course's
characteristics, a consistent standard of student is essential.
The basic requirements needed are defined as follows, due
regard having been given to the situation in Chile:
Age: No younger than 25 years old and not older than 40.
Studies: College graduate.
Experience: 2 years of experience in jobs with responsibilities in administrative and/or financial matters or as O. & M.
analyst, or in work of responsibility in an electronic data
processing unit.
.
Finally, the postulants must be submitted to a selection
process through interviews and tests during which we can
measure the following personal aptitudes:
a) Managerial approach
b) An ability for creative standing
c) A logical and analytical mind
d) Rapid comprehension of complex concepts and
situations
e) The ability to communicate
f) The ability to express complex concepts in language
(written and verbal) which can be understood by
non-technical people.
3.4 Characteristics of the course
The course is divided into three stages, in which the
classes are completely documented with projects of
practical cases and exercises. The structure of the course
allows the student to be conducted in a systematic way
through the range of activities with which a systems analyst
must be familiar. At the same time the student is given the

opportunity to practice these new techniques. This allows
the evaluation of the efficiency and aptitude of each
student in each topic of the course as this is taking place.
The course is designed to train personnel in the tasks of
investigations, analysis, design and implementation of
computer systems. The student must~ therefore, .be·
acquainted with systems structures and with the dynamics
of information flows in a system as well as the
characteristics of the computer itself. Practical cases must
be used to emphasize these areas; giving to the student a
clear idea of the role of the systems analyst, the difficulties
he will find when carrying out his work and the techniques
he can use.
The first stage of the course deals with two preliminary
courses directed to level the knowledge of the students on
administrative subjects and electronic data processing. That
is each student must take the "Business Orientation"
c~urse, or "Fundamentals of E. D. P." as it will be
explained later in 3.5.4.
The second stage corresponds to an introductory course
on computation equipment and training in COBOL. The
objective of this stage is to familiarize the future analyst
with the use of the computer and it has been added by
EMCO's Training Division, to the original course of NCC.
The third stage corresponds to the Basic Course for
Systems Analysis Training (MARK II).
The subjects contained in the preliminary courses and
Mark J[ are indicated in Appendices 3.1, 3.2 and 3.3. The
subjects contained in the courses on Introduction to
Computation and COBOL are similar, even when they are
more limited, and are indicated in Appendices 4.2 and 4.3.

3.5 Experience obtained
In this section we want to bring out some important
topics based on the experience obtained through the
courses developed by EMCO.
Previously, it must be painted out that during the
development of the course we ·have had the assistance of
Mr. Keith J. Pendray, of British nationality, Fellow of the
British Computer Society, who is working for EMCO
through the Technical Assistance Program of the United
Nations.
3.5.1 Selection of Instructors
At the same time that material elements were imported,
EMCO hired four systems analyst engineers, to be trained as
instructors of the course. We must point out that everyone
of these engineers is a specialist in a different profession:
electronic, civil, commercial and industrial engineering; the
abovementioned situation has made possible the creation of
a group with solid knowledge in different disciplines and, at
the same time, it has avoided a unilateral orientation to the
course. The four instructors studied the course for a period
of five months, familiarizing themselves with the didactic
.material and the teachers' notes and by discussing practical
cases. Simultaneously with this work, the instructors
trained six engineers in systems analysis, who presently
work satisfactorily as members of EMCO's systems analyst
staff.
It is important to emphasize that the instructors must
be professionals, giving preference to engineers with
experience in systems analysis, since it is essential that they
can illustrate examples effectively to students and show
them practical cases of the subjects under study; this
experience is only acquired through effective systems
analyst work.

3.5.2 Calendar of the course
The sequency and time employed in the Chilean
version of the NCC course is as follows:
Administrative orientation or
3 weeks
Fundamentals of E.D.P.
I
Introduction to system /360
3
COBOL Programming
9
Basic Systems Analysis
16 weeks
The above implies that the students must attend the
course full-time during four months, suspending completely
their activities in their offices. This situation has created
problems in some cases, since some students are unable to
attend full-time. For this reason, we offer the course in a
part-time form.
3.5.3 Modification to the NCC course
Regarding the preliminary courses, it is necessary to
indicate firstly that the "Fundamentals of E.D.P." course
has been used in a form practically identical to that of the
NCC module, increasing only the parts related to symbolic
logic and flowcharting. The latter has been considered of
special importance because it allows the future syst~ms
analysts to get used to thinking in a logical and orgamzed
way in order to be able to solve typical problems in
electronic data processing.
On the other hand, the "Business Orientation" course
has been substantially modified because this was probably
orientated to English methods in relationship to adminstrative procedures.
Consequently, the modifications were made according to
the Chilean necessities.
Secondly, we considered it convenient to add to the
English training course a module concernmg programming
in a high level language (COBOL, in this case) in order to
allow a greater communication between the systems
analysts and the programmers.
.
The way we work in Chile in the electronic computing
area, implies a permanent and close contact between the
systems analyst and the programmer and, for practical
reasons it is essential that the analyst has programming
knowledge and, whenever possible, has prepared one or two
programmes, which is the objective of this second stage of
our course.
Before the programming course the student takes part
in an introductory course on a specific computer, in this
case lBM/360, which helps him to know how a specific
computer operates, since the Fundamentals of E.D.P.
course does not refer to any particular computer.
3.5.4 Preliminary courses
. As mentioned before, the first stage has two
preliminary courses, either of which is used in accordance
with the previous experience of the postulants, since they
need to have:
2 years' experience in administrative functions and/or
financial or analysts in O. and M., or
2 years' in responsible jobs in an electronic data
processing unit.
The first group must assist and approve the
"Fundamentals of E.D.P." course and the second group the
"Business Orientation" course, the purpose of which is to
level the knowledge of both groups. But practically the
students who have experience in electronic data processing
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are in a more advantageous situation to comprehend faster
the subjects explained during the development of the main
course in comparison with the students who only have
administrative experience, even when the latter have been
required to previously take the "Fundamentals of E.D.P."
course. This situation implies that the speed of the course
can be only as fast as the comprehension of the students
with administrative experience.
This suggests that, in those cases where there is a
sufficient number of postulants, we must try to divide them
into two courses, one with administrative matters
experience and other with students experienced in
electronic computation.
3.5.5 Students' tutorship
Each course consists of 20 students, who are divided in
four groups of five students each. This allows the instructor
to attend to one group to develop case studies, practical
exercises, etc. A t the same time each instructor is
permanently controlling the advancement of each student
of his group, which makes it possible to review subjects,
solve inquiries, etc., reaching in this way a high degree of
progress for each student.
It must also be mentioned that the tutorship is
extended beyond the end of the course, that is, when the
student goes back to work and applies his knowledge learnt
during the course. This helps to orientate the student
during his first period of work as a "junior systems analyst"
and it is also a good system of "feed back" since it makes it
possible to determine deficiencies of the course, which will
be corrected in the future.
Finally, the close contact between the instructor and
each student of his group allows him to appreciate in a
better way certain personal conditions needed by a systems
analyst which are not detected during the exercises and
written tests.
3.5.6 Case studies and examples
The NCC course has developed a business game and
three case studies to enable the students to put into work
specific knowledge or techniques learnt during the course.
Our experience has shown us that it is definitely necessary
to increase the number of case studies or to develop
examples to allow the students to apply partially or wholly
these techniques.
It is also fundamental for the students to be aware of
the different classic stages in which the systems analyst's
work is divided (feasibility studies, analysis and definition
of the system, the computational systems design,
programming and implementation) to be able to see to
which stage the several subjects studied through the
development of the course will correspond.
As has been indicated above, it is essential that the
instructors have previous experience in systems analysis,
which experience is renewed through periods in which the
instructors must do systems analysis work and then go back
to their teaching.
3.5.7 Criticism and suggestions
A good method to know the students' opmion
regarding the course is the employment of anomyrnous
written criticism and suggestions, thus avoiding inhibitions
of their answers since the authors of those comments
cannot be iden tified.
These criticism and suggestions are requested from the
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students twice: at the end of the course and again after six
months of practice. This helps the students to evaluate the
course better regarding the effective knowledge that they
must have in order 10 do a proficient job.
Generally, the criticism and suggestions cover the following topics:
Opinion on the instructors
Opinion on the program and subjects
Opinion on the tests and marks
Opinion on the distribution of the class hours and
development of practical cases.
The queries asked in the questionnaire are different in
each case, depending on the time when the students are
consulted.

4. PROGRAMMING COURSE

4.1 Background
Experience in Chile has shown that many of the existing problems in the public sector are of an administrative
or commercial nature. The third generation computers currently in use permit programs for assistance with these
problems to be in a high level language, and we have
therefore initiated a COBOL training plan for programmers.
Advantages gained include better and faster assimilation of
the subject, greater case and speed of programming, better
and standardized documentation, and a degree of interchangeability of programs between computers.

4.2 Objectives
The objective of the course is to train a programmer,
giving him all the necessary theoretical knowledge and also
to emphasize practical training. The latter is accomplished
at the end of the course, in which stage the students have to
write some typical programs, and great importance is given
to the techniques of searching for errors in compilation and
debugging compiled programs.

4.3 Students entry standards
The entrants for the programming course should have
the following requisites:
Age: No less than 18 years old
Studies: High School Graduate
Experience: to have worked two years in the sponsoring
institution, in administrative matters whenever possible
Entrants must take a programming aptitude test.

4.4 Characteristics of the course
The course is divided into two stages, which deal with
theoretical and practical training, respectively:
a) In the first stage, which lasts 12 weeks, they are taught
the necessary theoretical items, so that the student can deal
satisfactorily with the second stage and later on in his work.
The subjects taught. generally speaking, are:
a) Fundamentals on computation
b) Introduction to the IBM/360 system
c) COBOL
d) Operational System
e) Utility programs
The second stage, which lasts 6 weeks, consists of
exercises, the complexity of which increases as the course
advances.
The exercise matters are:
a) COBOL language systems
b) Compilation of programs

c) Tests of programs
d) Debugging(search of errors)
e) Utility programs
During this course great importance is given to the use
of specific clauses of the COBOL language which optimize
specific programs.
It should be mentioned that EMCO's Training Division
has designed and printed all the didactic material for the
.practical work stage, which allows the students to have a
better comprehension of this course.
The subjects contained in the complete COBOL
Programming course are indicated in Appendices 4.1-4.4.
4.5 Experience obtained
Now we will outline all the most important aspects that
we have been able to detect through the COBOL
Programming courses developed by EMCO, which we
consider basically affected its progress.
4.5.1 Selection of instructors
A programming instructor does not need to be a
graduate, but is required to be experienced in programming
using the COBOL language. This is basically valid during
some stages of the course in which it is required that the
student makes effective programs, facing compilation
problems, proof of programs, amendment of programs, etc.,
in which eventualities he requires a solid support from the
instructor of the course.
4.5.2 Orientation of the cource
This course has as its objective the preparation of an
application's programmer, that is, the person whose
functions are to receive the instructions from a well
documented system, to be able to solve a determined
problem through the use of the COBOL language and O.S.,
that is, all the aspects related to the development of the
operational system have been left aside.
Fundamentally the course emphasizes the practice that
the students must develop when facing real problems, the
solution of which the computer in COBOL must be
checked by an effective machine run through the set of
proofs.
4.5.3 Flowcharting
One of the aspects of the course to which has been
given great importance is that related to the use of
flowcharts.
Through our experience collected from former courses
it has been detected that this is one of the aspects that
requires more exercises, since this is precisely the point
where students seem to be the weakest. For this reason, the
number of exercises has been increased and we have gone
deeply into the technical explanations which facilitate the
expression graphically of the logical solution of a problem.
4.5.4 Exercises and daily control
Our experience has shown us that it is necessary to
effect tests or controls, if possible, each day, to ensure a
better assimilation and comprehension of each one of the
different subjects as the course goes on.
The course combines the theoretical exposition of the
subjects with several examples and exercises during the
classes, controlling this afterwards with tests (marks being
recorded) for the students, to be sure that a specific subject
of chapter has been understood completely.

4.5.5 Visual Aids
In order to facilitate the exposition of the subjects,
several visual aids have been employed. Thus we have
prepared a set of graphics to be used for this purpose, as
well as a complete set of slides containing graphics and the
formats of all the instructions of the COBOL language,
which are shown with the aid of a projector.
4.5.6 Students' tutorship, criticism and suggestions
As we pointed out before, in 3.5, it is very useful to
introduce a tutorship system to allow the students to have a
specific instructor to deal with questions and to solve
unexpected problems, etc. We also apply a system of
criticism and suggestions with anonymous answers which
have helped to improve substantially the material and
orientation of the course.
So far, EMCO has completed three programming
courses and has initiated a fourth one. Experience with
these courses has shown that this 18-week course makes it
possible to train a programmer who has achieved solid
knowledge and practice, and is able to solve complex
problems in a very brief period of time. The systematic
training practice given during the development of the
second stage, in which the student faces several real
situations, expedites his functions in his initial work which
means a big advantage for him.
5. CLOSING WORDS
In the preceding paragraphs we have intended to show
primarily the experience obtained through the courses
developed by EMCO. On the other hand, we have shown
the need to create new seminars and courses that will take
place for the first time in 1970. Obviously, for this reason,
we have not considered them in the development of this
paper.
We are sure that the experience obtained by EMCO can
be of some use, in some degree, to those countries in
development that are just initiating the use of electronic
data processing systems, in which for the abovementioned
reason, do not have available the material and necessary
tools to realize the training programs in electronic
computation which are essential to rapid development.
Chile has little over 30 computers installed and is still in
the preliminary stages regarding the use of electronic data
processing systems, in which field previously in our courses,
we have not had opportunities to train technical personnel.
Consequently, we need to train this personnel. in the
shortest time possible and' in the quantity and quality
required.
EMCO's estimated training plan comtemplates preparing executives and teach approximately one hundred
analysts and one hundred programmers yearly. This plan
will allow us to have, in a relatively short period of time,
the necessary technical personnel to achieve a maximum of
efficiency from the installed and.to-be-installed computers.
This is the main factor to obtain a greater rationality in
the public administration, which is one of the conclusive
elements in the economic and social development of our
country.
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APPENDIX 2.1
SEMINAR ON "THE COMPUTER: A TOOL FOR THE ADMINISTRATION"
INTRODUCTION
THE ELECTRONIC COMPUTER

Basicprinciplesof its functions
Unities involved

DEVELOPMENT OF A COMPUTER APPLICATION

Main stages:
Feasibility study

Systemsanalysisand design
Programming and programtesting
Implementation and system testing

DATA PROCESSING ORGANIZATION
Unities involved

Functions of each unit
DATA PROCESSING STAFF
THE USES OF THE COMPUTER

How it helps the executives
Types of the most used applications
CONCLUSIONS
APPENDIX 3.1
PRELIMINARY COURSE ON COMPUTATION
INTRODUCTION
The compu ter
The computer as an aid to data processing

HARDWARE

FILE ORGANIZATION AND PROCESSING
Types of Organization and Processes
Criteria for Choice of File
File Security
Sorting and Merging

DOCUMENT AND CODE DESIGN
SYSTEMS DEFINITION AND DETERMINATION
Definition and design of Input, Output,
Files, Processing

FORMAL DOCUMENTATION
Main types of Documents
Standards for Output, Input, Storage
and Program procedures

SYSTEM CONTROLS
Data Preparation control
Validation of Input
Management, Audit and Organization Control

TIMING
Machine and Peripheral Timing
Run Timing
System Timing

IMPLEMENTATION
File Conversion
Testing the System
Changeover
Communicating the System
Handbooks and Job Aids
Recruitment and Training

DECISION TABLES
MEASURES OF PERFORMANCE AND COSTS
INFORMATION RETRIEVAL
APPLICATIONS PACKAGE

Numerical systems
Boolean Algebra

APPENDIX 4.1

Data Recording: Concepts
Recording elements
Core Storage

input/Output Devices
Central Processing Unit

SOFTWARE
Machinelanguage
Flowchart
Assembler, languages of high level and compilers
The operating system

APPENDIX 3.2
PRELIMINARY COURSE ON ADMINISTRATION

FUNDAMENTALS OF COMPUTING SYSTEMS COURSE
SCHEME OF A DATA PROCESSING SYSTEM
DATA REPRESENTATION
NUMERICAL SYSTEMS
MAIN STORAGE
CENTRAL PROCESSING UNIT
INPUT/OUTPUT DEVICES
SECONDARY STORAGE
Magne tic tape
Direct access devices

CHANNELS
STEPS TO SOLVE A COMPUTER PROBLEM
APPENDIX 4.2

INTRODUCTION
Concept of Systems and Information

.ADMINISTRATION
Planning
Organisation
Management

Control
PLANNING TOOLS
ORGANIZATION TOOLS
CONTROL TOOLS
General Accounting
Cost Accounting
Budgets

Fix and variable length areas
Instructions

PROGRAM EXECUTION:
Control program
Interruptions
Program state

CHANNELS:
Types and functions

MANAGERIAL SYSTEMS
APPENDIX 3.3
BASIC SYSTEMS ANALYSISTRAINING COURSE
Tit!' SYSTEMS ,ANALYST AND HIS ENVIRONMENT
The Business Systems
The Systems Analyst.

HARDWARE AND SOFTWARE REVISION
Compu ter Hardware
Compu ter Software

PUNCHED CARD EQUIPMENT
PAPER HANDLING EQUIPMENT
ACCOUNTING MACHINES
DATA CAPTURE AND TRANSMISSION
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INTRODUCTION TO /360 SYSTEM COURSE
CHARACTERISTICS OF THE /360 SYSTEM
CENTRAL PROCESSING UNIT

INPUT/OUTPUT DEVICES
SYSTEMS CONTROL DEVICES
DATA MANAGEMENT: IOCS Routines
MAGNETIC TAPE
DIRECT-ACCESS DEVICES
PROGRAMMING SYSTEMS
OPERATING SYSTEMS
TELEPROCESSING
MULTIPROGRAMMING AND MULTIPROCESSING
APPENDIX 4.3
COBOL /360 COURSE
LANGUAGE ELEMENTS
COBOL PROGRAM SHEET

FACT FINDING
FACT RECORDING AND SYSTEMS IDENTIFICATION
llYSINES.S.I;:OMMUNICATIONS

InformationTheory
Visual,OralandWrittenCommunications
IDENTIFICATION DIVISION
ENVIRONMENT DIVISION

Configuration Section
File Organization
File Processing Techniques

Input/Output Section
DATA DIVISION

Data descriptionconcepts
File Section
Working-storage Section
Linkage Section

CONDITIONAL'STATEMENTS
PROCEDURE IiIVisION
Declara tive Sections

COBOL verbs· .
Linkage between two programs
Tables

REPORT WRITER FEATURE
SORT FEATURE
PROGRAMMING TECHNIQUES
APPENDIX 4.4
BASIC COURSE ON OPERATIONAL OS SYSTEMS AND UTILITIES
STRUCTURE OF THE OPERATING SYSTEM OS/360
TYPES OF OS CONTROL PROGRAMS
MULTIPROGRAMMING WITH FIXED NUMBER OF TASKS
JOB CONTROL LANGUAGE
TYPES OF UTILITY PROGRAMS
UTILITY PROGRAM TO TRANSFER DATA FROM FILE TO
FILE
UTILITY PROGRAM TO COPY AND REORGANISE AN
INDEXED SEQUENTIAL FILE
SORT PROGRAM
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THE
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TRAINING

PROGRAMME

AND
IN

ADP.

A. Ronell

SUMMARY
Israel has recently completed a report on a national 5
year plan on ADP education and training designed to meet
the constantly growing demand for professional manpower.
The Programme was prepared in the framework of the
Israeli Institute of Productivity for the Advisor on ADP to
the Ministry of Finance. It is a comprehensive document
analyzing the prevailing situation and the problems
involved, and attempting torecommend ways and means for
their solution. This condensed summary contains only some
highlights of the Programme.
1. OBJECTIVES AND.SCOPE OF THE PROGRAMME
1.1 Objectives
In view of the existing shortage of manpower and
future requirements, the following objectives have been set
forth;
(I) Preparation of a 5 year plan for the training and
advancement of systems analysts and designers in the
field of administration and related information technology.
(2) Determining the training and specialization sequence;
the means required for the implementation, as well as
the drawing up of a budget estimate.
(3) Working out the programme as a possible joint project
with an UN Agency by stressing its impact on the
modernization of Israel's economy.

1.2 Scope
The programme should comprise training and advancement facilities for:
(I) Managers of au tomatic data processing units
(2) Systems analysts and designers
(3) Executives involved in the use of automatic data
processing systems
(4) Systems programmers
(5) Instructors in systems analysis, programming and other
branches of related automatic data processing.
2. REQUIRED DATA AND PRACTICAL STEPS TAKEN

2.1 Required Data
For the preparation of the programme, the following
background material was taken into consideration:
(I) Job specification. Professional knowhow and experience required for different types of jobs.
(2) Estimated number of computers in Israel by 1975:
distribution of computers, by size, economic branch,
etc.
(3) Trends of ADP development in Israel. Developments
regarding computer hardware, forecast of new applications, prospective use of computers by smaller

(4) Manpower forecast. Criteria for the type of personnel
required; total of different types of personnel required
over the years and turnover rates of the different types
of personnel.

2.2 Practical steps for the preparation of the programme
Since the National Training Programme had to be
prepared in a relatively short time, it was decided to make
an extrapolation of the data so far gathered in various
studies conducted in Israel.
(I) Job specifica tion:
In order to arrive at a computer personnel characteristics profile the following steps were taken:
(a) Job analysis in the various data processing departments in Israel.
(b) Information from abroad on job content, and job
requirements.
(c) Interviewing heads of computer units and local
executives on their expectations regarding data
processing and its effect on improving administrative
procedure.
(2) Data on professional knowhow in Israel gathered:
(a) Data on education, professional knowhow and
experience to supplement the survey recently
conducted in Israel.
(h) In tervicws with heads of ADP units and a sample of
responsible training staff regarding their manpower
training programmes.
(e) Assessed the degree to which local enterprises were
willing to participate in manpower training.
(3) Survey of training facilities in Israel and abroad.
Collection of data on universities, training institutes,
computer companies, correspondence courses and
programmed teaching, international institutions, etc.
(4) Required means for implementation:
(a) Detailed planning of all training and education
activities.
(b) Preparation of teaching media (books, films,
demonstration media, case studies and exercises)
(c) Computer equipment
(d) Programming for teaching purposes
(e) Training of instructors.
(5) Preparation of budget:
(a) A comprehensive budget to cover all types of
activities and means was drawn up.
(b) A breakdown of the budget into 5 years.
(6) A timetable and itemized programming for the
follow-up of the project were prepared.

3.

ADP MANPOWER IN ISRAEL

3.1 A professional manpower survey.
To determine the characteristics of the professional

enterprises, etc.
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manpower available in Israel in the field of information
technology, I1tam recently conducted a survey, which
included 645 persons, or about three-fourths of computer
professionals in Israel. (I1tam is a corporation sponsored by
the Israel Government for planning and research). All
branches of the economy are well represented in this
manpower, with the largest being in public administration.
As expected, the largest occupational group was programmers, followed by (a) systems engineers, analysts and
designers, and (b) executives (mostly systems analysts) in
almost equal quantities. Over 40% of the group are university graduates, with the fields of(a) mathematics and physics,
and (b) economics and statistics being equally represented
as model groups. Over 80% of the group have had at least 2
years' experience and over 22% have had at least 6 years' .

3.2 Estimated Costs for Training ADP Personnel
A cross-section of EDP managers, as well as representatives of computer equipment companies in Israel, were
interviewed in order to estimate costs of training system
analysts and programmers. The estimates varied from
installation to installation, however, the maximum difference was no more than 25%.
The average training costs per person were as follows:-

I.
2.

3.
4.

Training a new system analyst
· .
1£ 23.500.- (approx. $700)
Training a system analyst with some experience
· .
1£ 12.500.- (approx. $350)
Training of a new programmer
· .
1£ 28.100.- (approx. $775)
Training of a programmer with some experience
1£ 15.100.- (approx. $400)

It is estimated that approximately 70 ADP installations in
Israel spent about 1£ 35 Million ($1 Million) for training
their staff. An average installation consists of a team of 15
employees, distributed as follows:
l. 2 new systems analysts.
2. I experienced system analyst.
3. 7 new programmers.
4. 2 experienced programmers.
5. 3 others.
The cost of training this staff is about 1.£ 300,000.
($85,000). If we add to this the costs for programming,
debugging, writing new programmes, conversion, parallel
work, then the initial cost for establishing an ADP
installation would rise to over Ii 500,000 (approx.

$150,000).
The above expenses do not take into account the
opportunity loss caused by incomplete utilization of the
capacities of the computers and of scientific management
techniques.

3.3 Need for Personnel
Based on information gathered from the National
Employment Service and other sources, it is estimated that
by July 1969, Israel was in need of about 150 systems
analysts and 500 programmers.

3.4 Training and Development of ADP Personnel
Till 1959, the training of data processing personnel was
concentrated solely in conventional equipment, and courses
in this field were organized chiefly by the equipment
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companies and by the Government Office Mechanization
Centre. The need for training computer data processing
staff accelerated after the first computers were acquired in
the State in 1961. The first course for electronic computer
programmers was given in 1959; for computer operators in
1960, and for systems analysts in 1964.
The course for systems analysts was held under the auspices
of the High Commission for Automation of Government
Administration, and conducted by the Israel Productivitv
Institute.
By July 1969, this course had been given nine times to
a total of two hundred persons. Based on the experience of
teaching this large number, plans have been made to
increase the number of course hours; to include more practical exercises involving computer usage; to use more rigorous
standards in the selection of students for this course, and
have the students complete their major practical experience
at their place of employment, i.e., under 'real-life'
conditions. Thus, upon successful completion of this
course, the student should be capable of assuming the job
of at least a junior systems analyst.
Additional technical training courses in the area of systems
analysis are given by Technion and by the Government
Office Mechanization Centre.

Another major training effort involved orientation courses
on computer applications for executives. The Institute of
Productivity provided the bulk of training in this area,
having trained since 1966, about l.000 executives in 30
courses. Other institutions providing this type of training
included the Civil Service Commission Central School for
Public Administration, the Israel Management Centre, and

two computer manufacturingcompanies.

4. FORECAST OF ADP MANPOWER REQUIREMENTS,
1970-75.
4.1 Method for preparing ADP vocational manpower
forecast
The manpower forecast is only an estimate, its principal
purpose being to give an approximation of the number of
specialists required, classified for the purpose of preparing
training and instruction programmes.

The method for estimating manpower requirements in the
various EDP vocations is based on the following data:
I. Forecast of the number of computers.
2. Coefficients for determining types of vocation according to sizes of computers.
3. Rate of personnel turnover.
4. Drop-out rate from courses.
By multiplying the number of professional personnel
according to the types of computers, and adding the
number of employees who will drop out as a result of
turnover, personnel and course drop-out, vocational
manpower requirements can be derived for the Israeli
economy.
In addition, data were collected concerning the possibilities
of exporting systems and software work.

4.2 Forecast of numbers of computers for 1970-1975
Two estimates were made on the number of computers
in Israel by the year 1975. In the first, by the use of a
parabolic curve, based on the actual data for the years 1961
through 1967, an estimate of 400 computers is obtained.
Using the year 1968 as a test for this method, the
estimate of 105 is reported, as compared with actual figure
of95.

This is some indication that this method of estimating is
somewhat optimistic. However, according to experience
acquired in the U.S. and in Europe, it emerges that the rate
of increase of the number of computers has not been
parabolic after an initial period but rather according to a
straight line.
Therefore, another estimate of computers in Israel was
based on a straight line projection using the quantity of
computers in 1968 as base (l02) and using the absolute
change (23) in number of computers between 1966 and
1967 as the annual change to be expected over the seven
years following 1968 to produce an estimate of 263 for
1975, as contrasted with 400 obtained in the first estimate.

4.3 Coefficients for calculation of vocational manpower
In lieu of a sufficiently large population to afford a
specific model for Israel which would make it possible to
calculate reliable averages, it is necessary to use data from
other countries. The standard figures from the U.S. are as
follows:(x)
Manpower requirements according to vocation and size of
computer
Vocation
Average number of specialists required according to size of computer
Small computer Medium
Large
Systems analysts 1.5
4.0
9.0
Programmers
4.0
8.0
15.0
Operators
2.0
5.0
8.0
In research conducted by the Netherlands
Automatic Information Processing Research Centre(xx),
and in the light of data collected in U.K., and Sweden, the
following coefficients were derived as an estimate of
professional manpower requirements:
Vocation
Average number of specialists required according to size of computers
Small computer Medium
ADP Managers
I
1
Systems analysts I
2
Programmers
2
6
Operators
2
4

Large
2
4
12
6

According to the figures of the Israel Central Statistics
Bureau for the end of 1968, the size distribution was:
18.8 %
Large computer
Medium
44.2 %
Small
37.0 %
Note:
Remote terminals may be considered small
computers, however they may need more
systems analysts and programmers.

4.4 Professional manpower requirements
Since subsequeni manpower requirement estimates are
all based on the aggregate computer estimate of 263, it is
evident that the resulting manpower estimates are quite
conservative and should be looked upon as minimal figures.
A few sets of estimates(xxx) were developed showing Israel
manpower requirements for 1975 of systems analysts and
programmers, ranging from a combined total of between
2,000 and 3,000, with systems analysts ranging from 600 to
1,000 and programmers from 1,400 to 2,000. In addition
to this staff, which would be directly associated with the
aggregate computers anticipated by 1975, estimates were
made of such staff required by the planning programming
software firms who do both local and export business.

The estimate for systems analysts is 38, and I 15 for
programmers by the year 1975. Another type of
organization requiring programmers and systems analysts
are those which will have access to computers, owned by
other organizations, by remote data terminal connections
or by renting time and using the computer on site.
For both categories is it estimated that 25 analysts and
75 programmers will be needed by 1975. Then, taking into
account the shortage of staff at the end of 1969, the total
required by 1975 (based in an average of these estimates),
the number available now, and anticipated turnover rate,
i.e. of people leaving the field, an estimate of 800 is derived
as the expected number of systems analysts to be trained
by the year 1975, and the corresponding programmers
figure is 2,000.
5. GENERAL

5.1. Principles for the plan of action
Taking into account the trends in other countries with
advanced ADP experience, a plan of action is proposed as
follows:
(I) The programme should be comprehensive, embracing all
the aspects of developing and training of ADP
manpower, including management personnel that has to
be no further acquainted with the efficient use of the
new information technology.
(2) The programme will provide short-range activities in
order to meet demands arising from the acute lack of
manpower, as well as long-range activities designed for
creating a high level professional cadre.
(3) This subject should be dealt with by a central public
body backed and supported by government.
(4) Organizations using ADP systems as well as computer
firms should participate in financing the programme.
(5) It is proposed that a public council be appointed with
the task of guiding and supervising implementation.
5.2 Overall national policy
It should be stressed that the government in its general
line of policy of encouraging and advancing ADP, should
also undertake the following actions:
(I) Establishing a permanent national authority for promoting ADP development in all its aspects
(2) Systemizing the profession by defining occupations,
prescribing examinations and qualification standards
and grading as well as prerequisites for advancement
(3\ Setting up educational standards for the various training
institutions and supervising the adherence of them.

5.3 Programme ofactivities for implementation
(I) Organization of activities for vocational training. For
systems analysts, programmers and ADP managers,
practical computer experience should be included in all
above curricula, in order to shorten the time necessary
to acquire the required skill.
(2) Organization of curricula for managers at all levels for
the purpose of enhancing awareness of ADP use, to
improve the level of management and the decisionmaking process and to help them to understand their
role in formulation of policy in the use of ADP.
(3) Organizing curricula for specialized subjects.
For specialists such as: engineers, accountants, production managers, physicians etc., for the purpose of
advancing the utilization of computers in these fields.
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(4) To give recommendations and assistance to institutions
of higher learning in the development of programming
in information data processing, within the framework
of studies towards Bachelor's and Master's degrees.
(5) Inclusion of the subject in secondary school curricula.
Inclusion of the subject of ADP and the elements of
programming in the curricula of secondary schools.
(6) Training of teachers and instructors.
(7) Development of learning and training media (in Hebrew
texts, exercises, case studies, files, etc.)
(8) Assistance to ADP Departments in consultations and
programme testing, for the purpose of shortening the
time of implementation of projects on computers.

5.4 ADP training centre.
A major recommendation of the programme is
concerned with the establishment of a national ADP
training centre, the functions of which would be:
(I) To assist in the implementation of the plan for meeting
the professional manpower requirements.
(2) To prepare detailed study programmers and plans for
gaining practical experience.
(3) To train teachers and instructors of ADP.
(4) To develop study and training media such as curricula,
manuals) exercises, case studies, audio-visual aids, etc.,
also for secondary and vocational schools.
(5) Advise ADP departments on specific problems.
(6) To enlist expert-aid from abroad and enable Israelis to
participate in advanced study-programmes outside
Israel.
It is also recommended that it would be advantageous
to equip the centre with an ADP equipment, in order to
enable specialists from other professions to gain practical
experience with computation, to improve appreciation-courses for management and to assist other training
institutions, having no equipment attheir disposal.
It is proposed to develop the centre into a model
project for interoational cooperation, thus it will be
organized to accept also students and trainees from foreign
countries. The scope of such a plan depends largely on the
extent of in rernational support.
6. RESOURCES REQUIRED FOR IMPLEMENTATION
OF THE PLAN

demand for manpower, it will be necessary to ensure
attractive conditions for mobilization of this st~ff.
The Centre's technical staff would have two major
functions:
(I)
Technical back-up to the Centre's teaching operations which would include:
a) testing and modification of software systems used
by the Centre for teaching purposes,
b) • the design and implementation of practical teaching
problems such as use of data banks with the
appropriate software packages,
c) solution of problems presented to the Centre and
design of systems as background for practical work,
d) technical supervision of computer equipment used
by the Centre.
(2) Research to determine:
a) current as well as future needs for skilled manpower
in data processing
b) effect of changes anticipated in hardware such as
introduction in Israel of remote data terminals and
optical scanning equipment
c) effect of changes in software techniques such as
new programming languages, new software
packages, integration of rr.ass files and systems in

government, etc., and
d) the latest ADP teaching techniques.

6.3 Media
The media that must be put at the disposal of the
training activities in disciplines of this type must include a
suitable library, and the use of ADP equipment for the time
required for exercises and instruction. Liaison should be
maintained with advanced research and training centres
both in Israel and abroad.
The ADP equipment at the training centre should also
afford all the instructors the opportunity to prepare
specific exercises and case studies for the various courses.
The importance of students having to a great extent free
access to a computer has been recognized for quite some
time in most institutions of higher study. Such free access
removes the barrier between the student and the machine,
enables him to acquire initial experience under guidance
and not at the expense of future clients.

6.4 ADP Equipment
There is no doubt that the plan of action presented
herewith, which will fulfil the requirements enumerated
above, is not an easy one te realize, and will demand
considerable resources to put into practice.
These include:

6.1 Instructors
The first difficulty will be to bring a large number of
instructors to a high standard in numerous specialized
fields.

6.2 Professional Staff
The organization and planning of the proposed
activities will demand the mobilization of a professional
staff with experience in the fields of ADP and the
organization of curricula and courses. In view of the great
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Since it is not feasible for the Centre to have a number
of major computers on the premises. it is recommended
that a number of remote data terminals be established' to
the major computers available in the same area as the
Centre. From the experience of other countries it is evident
that once remote data are introduced in a country, the use
of such terminals expands at a {Cry rapid rate. Since the use
of such terminals has only recently begun in Israel. the
Centre would be in a good position to spearhead the
efficient use of such equipment in this country.
While the terminals will thus permit the students access to
the largest available computers. they also will have to be
trained in the use of smaller computers since these may be
more economical for specific applications or those available
in the enterprise in which the student is employed.

6.5 Financingofthe Project
The overall budget required for the implementation of
this project including the establishment of the proposed
Centre, spread out over a period of five years, is estimated
at $2,000,000. The initial investment will be in the vicinity
of half the amount mentioned. There are several
alternatives for financing the project:
I. In the framework of an exclusively Israeli plan.
In this case, it will be possible to provide that, besides
the government budget, other organizations take part in
the financing, as well as equipment manufacturers and
agencies.
2. In the framework of a Joint Project with UN Technical
Assistance, or with some other international organization, such as the International Labour Office.
3. Implementing the project as an International ADP
Centre. In this case the Israeli centre would serve also
for the training and development of manpower for
developing countries and would provide a model for
similar centres elsewhere.
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I.

INTRODUCTION

1.1

The term scientific, technical and economic information (STEIl covers spheres of documentographic and
factographic information.
This means to use the computer for processing some
series of system operations in order to accommodate
and restore the STEI system functions and structures.
The aim is to teach students:
to design computerised STEI systems
- to use computerised STEI systems professionally
- to use computerised information.
My paper takes the two first cases into consideration.
The educational profile of the information specialists
seems to be influenced by the following:
The computerised STE'I system (0) is communicating
information (X) by means of decisions and procedures (D, B) originating in factographical or
docurnentographical form to the given user (Y) in the
given decision level within the defined environment
(P). This may be expressed in a simple, formal way:
AXyE OB Y = XADB
(1.1)
P -+ 0
(1.2)
For all input and output information (X, Y) there
exists such a decision system and such a series of
operations (0, B), that the output information is
indicated if, and only if, the input information is
processed by operations and decisions 0, B. From
this statement the methodological part of the
educational profile for the computerised STEI
system is derived.
The information environment A makes main conditions for information system 0 within given limits.
From this formulation are derived the main
principles of the educational profile for STEI system
design.
In the various decision levels there are different
interacting information spheres (besides factographic
and documentographic (E), statistics (F), marketing
(G) etc. (fig. 1-.1). The interconnection of different
decision levels and different information spheres are
supposed to take place. Fig. 1.1 shows various levels
of decisions (l, 2, 3) and various interacting
information spheres (E, F, G).
The desired degree of computerisation of the STEI
system.
The impact of practical application of computers,
computer science, system engineering, modern logic,
cybernetics, etc., in STEI system theory, methodology and practical information services, The necessity
to solve the information problems by combined

1.2

1.3
1.3.1

1.3.2

1.3.3
1.3.4

teams (STEI specialists, computer specialists, etc.).
Fig. 1.2 shows simply the possible interaction of
teams which might influence the differentiation of
the educational profile. Generally, spoken information at present controls only part of the computerised system. On one side the information specialist
is being endowed with some knowledge about
computerising, on the other side the programmer has
to know STEI system problems. Each part is solved
by a different educational program. It is a question
of whether a unique educational program would not
be necessary when integrated information systems
should take place on a larger international scale. Fig.
1.3 shows a new educational STEI profile that should
be developed on an international scale including
information science (I) and computer science et alia
(C) for computerised STEI systems.
1.3.5 Teachers of the computerised STEI systems are
supposed to have a combination of successful
practical experience and academic and professional
qualifica tions. For the time being pairs of teachers
(one a computer specialist and one an information
specialist) are used at all levels. A more unified
teachers' profile especially at certain levels seems to
be preferable.
2.

PRESENT STATE OF TRAINING AT DIFFERENT
EDUCATIONAL LEVELS

Chapter 2 gives a review and description of courses
and schools for STEI education in which computerised
STEI system training is included in the CSSR.

2.1

Courses

adult education of a general type since 1965;
courses in special topics (programming e.g., Cleo, Fortran,
Algol, system analysis)
- since 1965;
scientific subjects (mathematics, semantics, theory of
information, etc.) since 1965;
system-oriented training courses - since 1965;
~ask-oriented courses - since 1967.
Schools part-time lecturing introducing the computerised STEI systems with excursions, ·training practice,
dia-fiIms, etc.
secondary school since i 967
post secondary school level since 1966
university level since 1965
post-gradual level since 1966
scientific degree since 1966.
The most influential of the abovementioned training
types are described in some detail.
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2.1.1 Full-time adult study for personnel of various data
processing units and STEI centres includes the
following topics concerning STEI systems:
Data processing in general.
Basic terminology of data processing.
Means and techniques of data processing.
Punch card machines I, II, III.
Application of punch card machines in STEI.
Methodology for punch card machines application
in STEI.
- Computers I, II.
- Problem formulation and analysis of STEI
systems.
- Introduction into programming for computerised
STEI systems.
- Data preparation and format.
- Organization of data processing units.
The aim of these courses (Bukovsky 1966):
to improve the quality of instruction
to improve the position of the less able student
to minimize the effect of staff shortage
to improve the quality of working procedure all
over the country (the location of teacher and student
is of no importance)

Training methods were developed by lng. M. Chytil,
the application for STEI systems having been
prepared by the author of this article.
Teachers spend their time in assisting students to use
their knowledge more than in helping them to
acquire it.
Accordingly a training plan, coordinated throughout
the country, was organized.

Visits of observations and contact with practitioners
form the integrated part of the courses.
The program is organized to give the teacher a
permanent control on how the student is adapting
the material, to differentiate between various levels
of students according to their profession, ability and
previous knowledge (Soler 1968).
The text-books are sent in 14 parts regularly to the
students. They are arranged to add successive details
of the already acquainted knowledge and to repeat
the important parts. The most important parts of the
lectures are designated by questions which the
student answers in a given time with the examples of
using the knowledge attained in his work. The
teacher corrects and classifies the quality of each
answer in each of the 14 parts.
The learning process is mutually influenced by the
teacher who is informed as to how the student is
adapting the material, and the student is able to
study the correctness and quality of his answers.
These courses have various application fields. The
STEI specialisation was derived from general courses
on punch card machines and computer applications
so that the author of the application for STEI
frequented the general courses and prepared the
application under the teacher's control while his own
experimental work in this way was taken into
consideration.
The first students of the STEI courses had little
knowledge of computer applications but, however,
had a very good knowledge of informatics.
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During the courses they learned the present state
possibility of using computers in STEI in the CSSR
and got ideas as to how to apply them in their work.
However, the realization of applications of the given
system made necessary more specialised training
system and task-oriented courses. The learning
process is shown in fig. 2.1
2.1.2 Full-time system oriented short eourses give the
student general knowledge of a given system (e.g.
Gipsy, Ardis etc.) and the teacher (usually the author
of the system) leads the courses to help the student
decide how to use the system in the information
praxes. This type of training influenced the use of
computers in STEI centres and developed the ability
to be trained. Audiovisual displays are used, and also
computer visits are arranged where the students'
questions, thesauri or indexes, can be processed by
computer as examples. The aim is to bring the system
as close to the students working problems as possible.
The learning process is in its larger part discussionoriented (figs. 2.2,2.3) or problem-oriented (fig. 2.4)
with many practical examples and has the following
schematical forms
2.1.3 The best practical results have full-time short courses
training information personnel to use a chosen
system in the given information work. The system is
taught as a whole, or its necessary parts, as system
design, format design, data preparation, data dissemination, etc. This type of training is typically
problem-oriented for individuals or teams.
The head of the team, being the information
specialist, is very well acquainted with the system. He
draws the concept of the system application in his
work. The concept with requirements for computer
output is discussed with system analysts and
programmers; then data format is designed.
The head of the team and the programmer together
teach the team to prepare and control data, and to
use computer output. Surprising results were attained
even with the most conservative personnel in libraries

and information services.
In this case education and the adaptation process
interact very closely and results do not differ very
much between the students who had previous
training in general on the computerised STEI systems
and those who had not.
However, there was a very important factor in their
being very good specialists in information work and
the cooperating system designer and/or programmers
with a very good knowledge of the given system, the
computer and its application in STEI.
This type of training is a typical form for the
preparation of the use of the already operating
system. Troubles arise if the decision to use a certain
system for a given project is not the best.
Discouragement of the personnel in the preparatory
stage of the practical use of. computerised STEI
systems may badly influence its success.
2.1.4 Part-time system-oriented training includes exchange
of staff between schools, operational units and
co-ordination centres professional training for top
decision makers, etc.
2.2 Part-time preparation for STEI systems takes place at
schools for librarianship and information science.
2.2.1 Secondary school level is based on lectures with visits

for observation, and the use of very simple
text-books just to awaken interest. The learning
process in general may be drawn by following mainly
lectures (fig. 2.5) with the exception of discussion
type fig. 2.2
The educational program usually takes two hours a
week during the two years of the total 4 years' study.
2.2.2 The learning process of the post-secondary school
level for experienced personnel of libraries and
information centres is of the same type as above.
The topics however are as follows: VEJSOVA 1970/a
The aim of the compu t .rised STEI systems
- Basic terminology for computerised STEI systems
- Means and techniques
Punch card machines
Methodology of use for STEI
Examples of use for STEI
Computers
Basic characteristics
Methodology of use
Input and output units
Storage
Transmission
Exchange of information in machine readable
form
The impact of computer development on STEI
systems
Main computers application in STEI system
Principles for computerised STEI systems preparation
Long-term program for computerised STEI
systems in the CSSR (to 1980)
Coordination, compatibility problems
Analysis
Problem formulation Data preparation
The state-of-art of programming of the STEI
systems in CSSR (Ardis, AIDS, ASI, ASTI,
Gipsy) standard subroutines etc.)
Examples of computerised STEI systems
SOl Indexes etc.
Storage and retrieval
Control of information processing
Problem of integrity in computerised STEI
systems
Research of computerised STEI systems
The starting knowledge of the students is usually
none; at the end, most students prove to have a fairly
good review of the input and output units, systems in
operation etc ..
2.2.3 At university level, computerised STEI system
problems are taught within the regular lectures e.g.,
on cataloguing.
However, special lectures on the computer functions
and compu tensed STEI system design take place in
the 3rd and 4th year of study.
System design includes VEJSOVA I 970/b
Basic terms in STEI systems analysis and design
General principles of STEI systems design
Information process
Information environment

Basis of information system
Relations between information system and
information environment
Parts of the information process and its
relations

Spheres of information systems and its
relations
STEI sphere and integration of its institutions
Databanks Documentographic informations Integration and compatibility User's need orientation of the computerised STEI systems
Methodology for STEI system analysis and design
Examples of computerised STEI systems at
international, national and specific level, main
characteristics of its design
- Appendix: short introduction into modern logic
for STEI students
The learning process in spite of being lecture-oriented
becomes more and more discussion and/or problemoriented (fig. 2.3, 2.4)
2.2.4 Students who chose some of the computerised STEI
systems for treatise have, for a year or two, a
consultant (a computer - oriented information
specialist) and opportunity to practice on computers
some of the programs in general use with the help of
programmers and operators. This type of training
brought forward the best prepared personneL At
other times, students take part in research teams,
their treatise forming part of the research program,
laid by a specialist consultant outside the given
research team.
2.2.5 Post-graduate university level education in informatics is for graduated students from other fields
(chemists, lawyers, etc.) and usually includes heads
of information centres with practical knowledge in
informatics.
The two years' training includes
Ist year 2nd year
introduction to mechanization and
automation
18 hours
laboratory
6 hours
elementary of theory of information 12 hours
semantics
12 hours
computerised STEI systems design
and programming
18 hours
computerised STEI systems
12 hours
elementary of system engineering
6 hours
The whole learning program covers 292 consultation
hours of wich 84 covers the problems connected with
computerised STEI systems. This type of study
however is not yet fully stabilized and undergoes
changes from one year to another.
2.2.6 An individual type is the preparation for scientific
degrees (C.Sc., Dr.Sc.) The main aim of these types is
to prepare further scientific staff for educational
purposes in informatics.
3.

CONCLUSION
The future of computerised STEI systems (integrated
at various levels) needs new types of educational
profiles. The research in this field studies changes
that might take place in professional profiles with
fully computerised STEI systems and aims gradually
at the following:
to modernise the concept and content of
education for STEI systems
to improve traditional forms of training
to modernise learning methodology especially
by improving the learning process between
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teacher and student and by improving the
students' ability to understand, learn, adapt
and use the attained knowledge.
The integration of STEl systems on an international
scale (exchange of information in machine readable
form) should be started by educating on an
international professional scale, highly specialized
analysts, designers and programmers for computerised STEI systems which might prove difficult
at a national training level.
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I. BACKGROUND OF COLLEGE AND PROGRAM
The State University Agricultural and Technical College
at Farmingdale is located in tll.e heart of the aerospace
electronics industrial complex on Long Island, New York.
Its campus is situated about 10 miles from the plant which
produced the first vehicle for landing a man on the moon,
the LEM; about 25 miles from the air traffic control center
which regulates air-flights in and out of New York City's
John F. Kennedy and La Guardia airports; and is on a main
highway which, In a span of less than 10 miles, houses over
30 computers in industrial and business firms.
Established by the State of New York as Long Island's
first public college in 1912, the school originally offered
programs that mirrored the agrarian orientation of the
region. As technological advances were made, and as
industries began migrating to the Island, the character of
educational offerings at the College changed. By 1946,
Farmingdale's programs incloded agriculture and a broad
range of engineering technologies. In 1948, it became a unit

of the newly-formed Slate University of New York. The
Slate University now comprises more than 70 public
colleges and centers throughout the State, more than half
of which are two-year colleges. These schools offer a wide
variety of vocationally-oriented degree programs as well as
specialized transfer programs to four-year colleges.
The College at Fanningdale is one of the six agricultural
and technical colleges of the State system and has a
combined enrollment, in its day and evening programs, of

almost 11,000 students, making it the third largest college
in the State system. In addition to its agricultural and
technological programs, it also offers a liberal arts program
and specialized education in business, health and community services.

The Data Processing Department was originally conceived as a business-related function, and in the fall of 1967
the first class of 55 students was admitted. This
business-oriented program, including computer, business
and general education courses, was designed to train
programmers, and all students were taught FORTRAN,
COBOL and IBM 360/Assembly Language. To support this
program, a Computing Center was established as part of the
department, and it housed, in addition to the conventional
punch-card oriented tabulating equipment, an IBM 360/30
with 32K memory, two disc drives, four tape drives, a
medium-speed printer and a 1232 optical page reader. The
Computing Center was also integrated into the technology
and business curriculums with courses in business data
processing, numerical control programming and COGO
(Coordinate Geometry) programming for highway construction.

A year later, in the fall of 1968, a dual program in data

processing was introduced in the Evening College. In
addition to the regular degree program, a special certificate
program in computer programming was introduced.
Furthermore, specialized, advanced courses in data proces-

sing were offered only as part of the evening program to
meet the needs of local industry. During that first year
some 350 students registered in the data processing
program in the Evening College.
Both the day and evening programs have grown. In
September 1968 some 113 students were admitted to the
full-time day program, and 157 students were enrolled as
majors in September 1969. At the same time, the evening
part-time program grew to more than 600 students enrolled
in data processing courses.
Because of the College's adherence to a State policy of
'full opportunity' ('Let Each Become All lie is Capable of
Being' is the State University's motto) and since adequate
data are not available for effective screening of applicants
into the program; I the attrition rate in the Data Processing
Department is moderately high." Research is now underway to develop more efficient methods of selecting
students, but it is hoped that the new trifurcated
curriculum.' offerings wiII help to meet student's abilities
and industry's needs.
2. THE DATA PROCESSING CURRICULUM
The Data Processing curriculum, effective September
1969, is a two-year program and is designed to prepare
individual students to enter the field of computer
programming and information processing. Although essentially a terminal program designed to train students as
computer programmers and console operators," a substantial portion of the students transfer to a four-year college to
further their education. Some continue as business majors
with emphasis on computers and quantitative analysis,
while others enter various programs in computer science,
such as statistics and computer science or mathematics and

computer science. A number of four-year colleges, many of
them outside of the State University system, have indicated
their desire to accept students graduated from the Farmingdale program." No distinction is now made between
terminal and transfer students although it is now
apparent that a separate transfer program will have to be
introduced within the next few years:
An outstanding feature of the existing program is that it
is computer-oriented and not tabulating systems-oriented.
In fact, no formal teaching of tabulating equipment is
included and many of these peripheral machines are being
phased out of the Computing Center. Programming courses
are conducted on a 'closed shop' basis' and only students
in compu ter operations courses actually have 'hands-on'
experience on the computer.
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Despite a limited teaching staff' and computer equipment" a flexible program is offered for the data processing
students. The curriculum consists of:
23 credits in basic computing courses
13 credits in an area of computing spccialization
28 credits in basic, general education
In the accompanying table, Table 2.1, is a list of the
basic computing courses required of all students in this
program. In addition, the students must take:
6 credits of English,
6 credits of mathematics
1 credits of physical education, and
9 credits of social sciences, of which 3 credits are in
introductory economics, as part of the basic requirements of the College; and
6 credits of electives.
Tablc 2.1
Data Processing Core Courses
First Semester
DP 101 Basic Computer Concepts
DP 104 Introduction to Algorithmic Processes
and Fortran Programming
DP 108 Principles to Automated Accounting

Table 2.2

DataProcessing Curriculum - SuggestedElectives
Scientific and Industrial Programming
This option is mathematically and scientifically oriented
with emphasis in programming of industrial and scientific
problems.
Credits
,)

Credits

DP22i>
DP227
DP 229

3

DP230

I~dustrial Data Processing Applications I
Industrial Data Processing Applications II
Numerical Methods in Computer
Programming
Computer Approach to Decision Making

4
3
3
3

3
3

Business Da ta Processing

2

This option is accounting oriented and concentrates on
computer applications in business.

Second Semester
DP 109 Cost Analysis
DP 110 Fortran and Statistics
DP 116 Assembly and Machine Language
Programming

3

Third Semester
DP 206 Systems Programming

3

Fourth Semester
DP 204 Systems Analysis and Design

3

3

The mathematics courses takcn depend upon the
student's level of high school mathematics, and eventually,
which of the three branches in computing he selects. For
example, a student with only two-years of high school
mathematics takes 'Basic Concepts of Mathematics.' This is
followed by 'College Algebra.' However, a student with two
and a half years of high school mathematics starts with
'Colleze Alzebra' and then takes 'Introduction to Matrices
and Linear Programming.' A student with three or
four years of high school mathematics may begin with
'Analytic Geometry and Calculus.' Students electing
courses in scientific and industrial programming are
encouraged to take their six credits of electives in
mathematics. Similarly the better students in the business
programming courses are advised to take additional
mathematics courses, while the others take courses in
business or science.
The first year's program in computing courses is
identical for all students. At the end of their second
semester, students are given an overview of the three areas
of specialization. Since some students have ability in
keeping with their interests and others do not, the members
of the department guide the students in their selection. The
students are placed, to a large extent, in accordance with
the aptitude and ability they have shown in the first year.
Generally, students desiring to continue on to a four-year
program elect courses in scientific and industrial or in
business programming. Those interested in obtaining an
A.A.S. degree and a job, generally elect courses in business
programming or computer operations.
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During each of the two semesters of the second year,
students take a single three-credit required computer
course, two electives in data processing, a social 'science
course and an elective in mathematics, science or business.
Courses for the three elective areas are included in Table
2.2_

DP 220
DP221
DP 225
DP 230

Cobol Programming
3
Advanced Cobol with Business Applications 3
Business Data Processing Applications
4
Computer Approach to Decision Making
3

Computer Operations
This option emphasizes hands-on training on the computer
and peripheral equipment.
DP 210
DP 211
DP 212
DP220

Practicum in Computer Operations
Computer Systems Decision and Operation
Data Processing Installation Management
Cobol Programming

4
3
3
3

3. SCIENTIFIC AND 1NDUSTRIAL PROGRAMMING
SPECIALIZATION
The unique dual goals of the scientific and industrial
programming options required a special approach to course
planning. It was essential to satisfy the desires of those
students intending to transfer to a four-year college to
receive a Bachelor of Science Degree, as well as those
seeking vocational training and planning to enter the
business-industrial market. In order to meet these twin
constraints, a single program of courses was created to
develop the theoretical and conceptual foundations necessary for advanced educational work and the technical
programming skills required for immediate employment
upon graduation. Under this program, the basic programming skills are taught at the introductory level and these are
then implemented in courses of a more general and
theoretical nature in the second year. Material that was
usually considered independently, such as statistics,
numerical analysis and operations research, are taught as
applications of computer programming. FORTRAN is
taught to first-term freshmen so that they have three more

terms in which to use and develop their programming
ability while applying it to varying subject mailer.
Teaching FORTRAN to first-term freshmen has two
other important advantages. First, the student is exposed to
the nature of programming at an early stage and can decide
whether or not he or she wishes to continue in the field.
Most students have misconceptions of what computer
programming entails. By giving a heavy dose as soon as
possible, the students have the chance to re-evaluate their
plans. The second advantage is the attraction that writing
and debugging programs has for most students. The
feedback-response or stimulus-response loop between the
programmer and the machine gives strong reinforcement to
the student-programmer. If the program runs properly, the
student knows that it is his success. Similarly, if the
program fails, the student knows that it is his fault and is
motivated to correct the error. The motivational aspect of
the student-computer interaction should not be underestimated. It is felt that this condition would be heightened if
on-line time sharing terminal facilities were available"
During the second part of the first year, i.e. the second
semester, a course in FORTRAN and Statistics (DP 110) is
included, providing the student with the ability to use the
programming language for statistical problem solving. The
students improve their knowledge and broaden their
experience in FORTRAN while they learn statistical theory
and concepts. Often, it is more effective for the instructors
to convey the techniques of statistical manipulation in
terms of computer algorithms than in conventional
mathematical methods. The process of writing computer.
programs provides strong reinforcement for the learning of
subject matter.
Also, in the second semester, the students are required
to take cost accounting, as well as a course in assembly
language (DP 116) for the IBM 360. In learning assembly
language, the student becomes more involved in computer
architecture, logic design and simultaneously develops a
better understanding of higher levcllanguage structure. The
concept of an operating system is treated.
Upon completion of the first year's work, each student
selects one of the three specialization areas previously
discussed. Students selecting scientific and industrial
programming are required to have a high proficiency in
mathematics and arc advised to take a two-semester
calculus sequence 'in the second year, or else continue
beyond calculus with differential equations and linear
algebra. In the first-half of the second year, the student in
scientific and industrial programming takes three computer
courses: numerical analysis, systems programming and
applications.
The systems programming course (DP 206) assumes a
knowledge of assembly language but delves deeper into file
structure, blocking of records, I/O macros, system macros
and job control. Logical and Physical 10CS, channel
overlap, sequential, indexed sequential and direct access
methods are discussed in depth. Students are required to
write and debug assembly language programs for handling
blocked tape files and 2311 disc direct access files, utilizing
key words and randomizing schemes. While individual work
is strongly encouraged, some large complex projects are
carried out by groups of two or three students working as a
programming team.
The numerical analysis course (DP 229) is another
instance in which the student uses and extends his
experience in FORTRAN. The algorithms of numerical

analysis are easily described in FORTRAN and it is felt that
the learning of numerical analysis is enhanced by the
concurrent use of FORTRAN. By writing a program for
Gauss elimination, Newton-Raphson iteration, or Simpson's
integration, the student can grasp the complexity of the
operations being performed and avoid doing the tedious,
often incorrect calculations. The result is deeper insight in
less time with less effort. Each student is required to do a
research paper or original study in some topic in numerical
analysis.
...The applications courses (DP 226 and DP 227) are given
over a one-year period. Here, the concept of file handling in
FORTRAN and advanced topics in the fields of information and computer science are covered. Among the topics
taught are data and file structures and how they are sorted
and searched, data collection and analysis, management
information systems, character and string manipulations,
network theory and, finally, compiler design. Each student
must develop a simple compiler or interpreter before he
completes his second year educational program. Many
individual and group programming projects are assigned.
Furthermore, a project concerning a real world, non-textbook situation is undertaken.
This is a full term of work and is designed to impress the
students with the nature of problem solving in realistic
situations where there may be no solution and where the
real effort is in formulating the proper questions. Typical of
undertaken
by
the
student
is
the
problems
course-room-professor scheduling diagnosis of pathology
tests, off-campus apartment hunting, library automation of
bibliographic information, consumer statistical research,
selection of plant variety as a function of soil contents and
law precedent searching.
During the second semester of the second year, while
the stus!ent is taking Applications II (DP 227), he takes a
course in decision making (DP 230) which covers topics in
probability models, computer simulation,queuing theory,
decision theory and elements of operations research, as well
as writing and testing of random number generators. Again,
there is heavy utilization of FORTRAN programming.
Finally, the required course in systems analysis and
design (DP 204) covers techniques for examining large
systems and solving problems from the 'systems viewpoint.'
Particular emphasis is given to report generation and
documentation techniques.
The success of the current curriculum is yet to be
determined. With the former curriculum, out of an entering
class of 55 students, only 16 were graduated in June 1969.
More than half the graduates transferred to four-year
colleges to continue their education. The majority of the
remaining students were hired as programmers in industrial
and commercial organizations. Partial effects of the new
curriculum will be known this coming June. Preliminary
analysis indicates that of an entering class of 113 students
in September 1968, about 60 students will be graduated in
June 1970. Of this number, there are 20 in the scientific
and industrial program. Most of. these students will
continue their education at a four-year college; a few, 10-15
percent, may enter the job market as programmers.
A better evaluation of this revised curriculum will be
possible by examining the results of the 157 students who
entered the department in the fan of 1969. Because of the
immediate emphasis on programming, many students were
able to evaluate the desirability of remaining in the data
processing field. Some 43 students withdrew from the

11/325

program to enter other subject areas, while 22 were
dismissed for academic reasons. Thus 105 students remain,
but many show unusual promise. Of those still in the
program, almost 10 percent achieved an index of 3.50 or
higher (A = 4.0). Another 20 percent had averages at or
above 3.00 or the B-leve!. This is substantially higher than
either of the two previous entering classes.
At the end of the current academic year, additional
attrition is expected. Possibly as high as 25 percent of the
existing 105 will either withdraw (to go to work or enter
other colleges) or be dismissed for academic reasons. Thus,
a third-term class of about 75 students is expected;
academically, particularly in computer subjects, these
students will excell their predecessors. Based on past trends
plus a moderate amount of intuition, it is likely that well
over 50 to 60 percent of the students will continue their
data processing education at a four-year college; and those
who do enter industry and business will be better prepared
for their work.
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APPENDIX A
Data Processing Course Description
DP 101 Basic Computer Concepts
Analysis of basic computer characteristics, principles and methods
of internal processing including logic, machine language, operation
and function of components, involving magnetic core, direct access
disc storage and sequential magnetic tape files.
DP 104 Introduction to Algorithmic Processes and FORTRAN
Introduction to problem solving methods analytic, simulation, and
heuristic using a digital computer. The idea of an algorithms as a
well-defined procedure for solving a problem is developed.
Flowcharts and decision tables are presented as a graphic description
of an algorithm. Both iterative and recursive algorithms are
developed using business and industrial problems. The FORTRAN
language is taught and is used in describing the algorithms. Students
are required to write, keypunch and debug FORTRAN programs.

DP 110 Fortran and Statistics
Basic fortran programming using statistical problems. Fundam~nt~ls
of statistical decision-making, including elements of descriptive
statistics-central tendency and dispersion, time-series analysis,
correlation and regression methods. Approaches and differences
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between raw data and frequency array analysis by computer.
Introduction to probability theory and sampling concepts. The
statistical algorithms are implemented in FORTRAN programs.
DP 116 Assembly and Machine Language Programming
Fundamentals of machine and assembly language programming
including data representation and addressing, storage allocation,
logical operations and indexing, input/output methods and
programming macros. Introduction to disc operating systems.
DP 204 Systems Analysis and Design
Elements and construction of flowcharts, decision tables and
decision trees. Design and development of systems including analysis
of information flow, systems specifications, equipment selection,
and implementation. Also included are work sampling, simplification and measurement, form design, control and management, and
manual preparation and documentation.
DP 206 Systems Programming
Study of job control language, compilers and supervisors. In depth
discussion of DOS I/O macros for tape and disk, supervisor macros
and system utilities.
DP 226 Applications 1
Detailed study of industrial data processing applications such as
production line balancing, materials flow scheduling, tech~ical
formula translation, production control methods, etc. Projects
include flow planning and application through the use of unit record
equipment as well as computer and real-time systems, providing the
student with hands-on experience in solving these problems.
DP 227 Applications II
Study of character and string manipulation, data structures and how
they are sorted and searched, network theory and compiler design.
Students are required to write FORTRAN programs and construct a
simple compiler.
DP 229 Numerical Methods in Computer Programming
Evaluation of different algorithms, roundoff errors and significance.
Topics include matrix applications, iterative me~llOds, analysis. of
nonlinear equations, approximation and interpolation and nu~nenc~l
integration. Problems will be assigned for programnung III
FORTRAN.
DP 230 Computer Approach to Decision Making
Study of decision models, simulation techniques, basic queuing
concepts, linear programming, pert network analysis and forecasting
methods involving uncertainty and risk and their application in
business and scientific decision situations.

FOOTNOTES
Admission to the College and to all other Colleges of the State
University of New York is based on the academic qualifications of
the applicants and is made without regard to the race, color, creed
or national origin of individuals. Students are admitted to the Data
Processing program provided they are graduates of approved
four-year high schools or hold a high school equivalency diploma
and have at least one year each of high school algebra and geometry.
It is recommended, however, that students who wish to enter this
program take three years of high school mathematics. or preferably
four, as well as one-year of physics.
I

2
First semester attrition, that is students who withdrew or were
dismissed from the program, amounted to 25% in the first year, as
of January 1968. Attrition at the end of the first term for the last
two entering classes was 23%and 42%respectively for January 1969
and January 1970.

3. The new curriculum provides for elective specialization in: (a)
scientific and industrial programming, (b) business data processing
and (c) computer operations. See Table 2.2.

4. Students are graduated from the program with an AAS
(Associate in Applied Science) degree.
5. One outstanding example is the New York University School of
Commerce which accepts Farmingdale's graduates into a
special computer program developed by the Courant
Institute and provides these students with financial aid.
6. Students submit and receive their programs at a special window
in the computing Center.
7. There are currently only six faculty members in the Data
Processing Department.
8. Availability of computer time is gradually decreasing since there
are almost 1200 students submitting programs to the Computing
Center.
9. The proposal has been made to provide terminals, but this is still
subject to budgetary allocation.
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AN

INEXPENSIVE

'fIME-SHARED

TEACHING

SYSTEM

FOR

INFORMATICS

Jacques Hebenstreit

I. WHAT IS BASIC IN INFGRMATICS

The first computers were built with the specific purpose of
making automatic calculations and the very name "computers" given to these machines is significant of the state of
the art at this time. Even in the first years of the era of
commercially available computers, automatic calculation
was still the main activity of computer installations, so
there is no surprise that the first symbolic language was a
calculation-oriented language, namely FORTRAN.
On the other hand, early books on computers devoted a
considerable amount of space to the detailed description of
the way arithmetical operations were implemented on
computers and the overall efficiency of a computer was
defined by one single number addition-time.
At this same time, computer science teaching was
restricted to two items: computer hardware and numerical
analysis with or without a FORTRAN course.
What is amazing is that, in 1970, despite the fact that
computers are used in language translation; in information
retrieval; in pattern recognition; in process-control, and
despite the fact that 80% of the existing installations are
devoted to activities which have nothing or almost nothing
to do with numerical calculations in a lot of instances,
people still believe they are teaching informa tics fundamentals by giving lectures on computer hardware and numerical
analysis with or without a FORTRAN course.
There is, however, an ever increasing tendency to define
informatics in a much broader sense. The French Academy
defined informatics three years ago as "the science of
processing of information (considered as the vehicle of our
knowledge and its communication) mainly with the help of
automatic digital computers" where as Professor Forsythe
(I) stated "I consider computer science in general to be the
art and science of representing and processing information
and, in particular, processing information with the logical
engines called automatic digital computers."
At the same time, new curricula are appearing (2,3) and
the contents of recent books (4,5,6) are much nearer to the
definitions above than to those we have known ten years
ago: theory of algorithms; system analysis, representation
and organization of 'large sets of data; simulation of big
systems, and they are stressed nowadays. So it becomes
more and more absurd to teach people that informatics is
the science of automatic numerical calculations. The reason
why it still is so is I) the existence of FORTRAN and 2)
the existence of a great number of simple algorithms in
elementary mathematics which make it particularly easy to
teach the first by using the second. May I recall at this
point one of the recommendations made to this Conference
by the working group on secondary education at the
London Symposium stating that "The teaching of

informatics should preferably not be given to the professors
of mathematics" just because of the point mentioned
above.
It is of the utmost importance to get students
acquainted with non-numerical algorithms and nonnumerical structures (lists, strings, files, etc) so as to give
them a sense of what a computer really is, i.e., an automatic
symbol handling device. From this point of view, any
language is a bad language if it has no character handling
ability.
Last, but not least, students who start programming
must be in close contact with the computer first of all
because beginners make a lot of errors even in small
programs and become discouraged when the turn-around
time is a few hours long (as one of my students told me
some time ago: I have been trying for three days to invert a
matrix three by three; it is much more rapid by hand) and
secondly, because the learning is much more efficient when
they get the listing of errors on the spot.
2. DEFINITION OF THE TIME-SHARED SYSTEM
Taking in account the above mentioned facts and
constraints, we have defined our time-shared system as
follows:
The programming language should be simple enough so
as to be learnt in a few hours by beginners but must
have sufficiently powerful features to make them able
to write very compact programs even for complex
problems.
The programming language should allow definition and
processing of strings of characters.
The error messages should be detailed, precise and as
complete as possible.
The system should be fully conversational at compile
time and run-time to make the debugging as easy as
possible.
There should be no waiting for the user in the
conversational mode (input of program, input of data,
debugging).
There should be no waiting time for users running very
short programs, which is the case for beginners. This
point is less critical for users having long programs
because they are aware that it will take some time to
get the results. This implies a system of priorities which
is in favour of short programs.
All these constraints could not be met by a time-sharing
system on the 1130 IBM (8K and one disk) which we had
in our Computer Center, so we decided to buy a
Hewlett-Packard 2116 (8K memory) and to build a
two-processor system by connecting the two computers
through a home-made channel.
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The system is actually handling simultaneously 13
Teletype terminals and we will, in the near future, add 16
more Teletypes (which will require 4K more for the
Hewlett-Packard). The language used is our own and is
called LSD (Langage Symbolique Didactique).
3. EXTERNAL DESCRIPTION

3.1 Description ofLSD
. LSD is an extended subset of ALGOL. It is a subset
because compared to ALGOL it has some restrictions:
- There is no FOR loop so as to be conversational inside
the loops.
All numbers are of REAL type.
All labels are numbers and are compulsory, a program
being executed in the increasing order, but a label is
attached to a line and not to an instruction and more
than one instruction per line is allowed.
There is no block structure but arrays and variables can
be deleted, giving more space in memory.
All other features of ALGOL remain (conditional
instruction IF ....THEN.... ELSE ..... , Boolean expression,
compound instructions, procedures with call by value
and by name, using local and global variables and which
can be called recursively).
The extensions compared to ALGOL concern mainly
character and string of characters manipulation. There are
three functions; the function ENT( ) applied to a character
gives a number in one-to-one correspondence, the function
LIT ( ) applied to a number (between I and 127) gives a
character and the function CAR () is one if the variable
between parenthesis is a character and 0 if the variable is
not a character. These features are powerful enough to
enable one to write for instance a mini-LISP compiler in
LSD.

3.2 Use of the system
The system can be in one of three modes:
the "monitor mode" which allows only commands to
be typed in
the "program mode" which allows only instructions in
LSD
the execute mode" in which the user cannot interfere
withthe system except by the PAUSE instruction or by
an interrupt (ESCAPE key of the Teletype) which both
bring the system back to the "monitor mode".
The most inportant commands are:
PROGRAM
which brings the system into
the "program mode"
LIST FROM LINE N°
which prints the listing of the
program
SUPPRESS LINE N°
.
EXECUTE FROM LINE N° which brings the system in the
"execute mode"
CONTINUE
which allows to restart a
program at the point it has
been stopped by an interrupt
START LINE N°
which allows after an interrupt
to restart anywhere in the
program
One last important feature is the possibility for a user
after an interrupt to ask for the value of any symbolic
variable of his program by just typing its name.
4. INTERNAL DESCRIPTION
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The HP 2116 computer is the master of the system and
fulfills the following tasks:
.
All the I/O operations
The syntactical analysis of the programs, line by line
Compile and eventually "decompile" the programs of
the users
Exchange of information between both computers
Define attribution of time-slices to the users inside the
II30.
To do this, the HP 2II6 computer has a software of
5,000 instructions; the remaining 3,000 memory positions
being used as buffers.
The two computers can communicate by interrupts and
messages through the channel.
The 1130 is the slave of the system and its task is
limited to the execution of the programs stored on its disk
by the HP2116.
5. CONCLUSION
This time-shared system has now been working for
more than one year and there is, among the students, a
much greater interest for programming than at the time
their programs were run in batch-processing. There are
many reasons for this:
The excitement for having hands-on
The ease \"ith which a small subset of the language can
be learnt and used
The existence of more difficult features in the language
which are considered as a challenge
The possibility of "real-time" debugging.
On the other hand, when a sufficiently great number of
terminals is necessary. experience has shown us that
commercial time-shared systems are quite expensive beside
the fact that they generally use standard high-level
languages which are not well fitted for the teaching of
informatics. In the actual configuration (13 terminals) the
cost of the system is a little less than $2 per hour and per
terminal and this shonld still go down in the next stage
where we shall use 29 terminals.
Beside this, the psychological and economic efficiency
of our time-shared system with the LSD language has driven
us to write other software which is now in the pre-release
stage and allows the students to use the assembly language
of the IBM 1130 for programming.
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USEOF COMPUTERS IN CZECHOSLOVAK EDUCAnON
Miroslav Kotal

J. INTRODUCTION
Modern digital computers have produced a revolution in
sciences, engineering, industry and commerce, and have
permeated our whole society. The necessity of the
application of computer science and automation in all
branches of our national economy is disposed by
government order. The realisation of this order brings many
impositions for education. Universities, both technical and
economic, playa key role in computer development.
For development and applications of computer science,
it is necessary to train in secondary schools and,
particularly, in universities, specialists for computer science
and programming techniques and to make the staff of
universities conversant with computer programming, not
only for education but also for their own research activity.
Computers are used by an increasing number of students
either for training or laboratory problems, or to learn about
the design and operation of computers themselves.
Computers, like laboratory equipment, are needed to do
research; they increase the effectiveness of other scientific
equipment and permit many scientific studies.
2. DISTRIBUTION OF COMPUTERS IN UNIVERSITIES
The provision of computers for universities is under
consideration by the computer department of the Ministry
of Education in accordance with recommendations of the
Computer Board of the Ministry. This Ministry appropriated, in cooperation with other Ministries, funds to
universities from the very outset of computer science
development. The purchase of computers was realized in
the socialist countries as in Western countries. We were
coming into contact with other socialist countries, not only
for purchasing, but also for training of computer staff, in a
similar way to Western countries. In Czechoslovakia
developed digital computers were used in universities
partially as research equipment.
At present, all universities possess digital computers, of
course,mostly of lower parameters. With respect to the
program for computer installations in universities, from a
standpoint of uniform organisation and education, it
became apparent that it would be necessary to work out, in
1967, an ideological conception (program) of an enlargement and use of computer science in education, up to the
year 1980.
Universities, according to this conception, must use the
computers for the following purposes:
a) Education: programming education; use of programming education in different educational disciplines; education in computer design and construction.
Education in computer design and construction is fulfilled

in the specific institutes of technical universities in Prague,
Brno and Bratislava, as a working program. The education
of these computer specialists is realized as a students'
subspecialisation of the students' discipline 'technical
cybernetics'. The specialists for programming systems and
development in computer science, on the basis of
mathematics and economics, are trained at our humanities
and economics universities in Prague and Bratislava.
Educational courses for systems designers and systems
analysts as students' disciplines have been introduced at the
Mining University in Ostrava. Courses are offered for special
technical staff not only in their own mining discipline but
also for other branches in our economy. Educational
nomenclature for universities, the discipline 'computer
science' is, for the time being, not established.
b) Scientific and research activity: discipline of our
own computer science ; other disciplines in which computer
programming is an auxiliary discipline.
This relates to research of computer science and to the
theoretical and applied research of programming systems
and to the design and construction problems of computers.
Important too is the role of computer science as an
auxiliary computational aid for the solution of research
problems. At present at our universities, there is a large
number of research problems, and complication of these
research problems demands the use of computers. This is
valuable for technical, human and economic disciplines of
fundamental and applied research.
c) Management and control of universities' administration: education and school administration.
d) Service activity of the highest level for branches
besides the Ministry of Education.
Considering this conception, it became necessary to
work out comparative matters about computer science in
other parts of the world and in Czechoslovakia, i.e. in
industry, in research institutes and, principally, in universities. The relation between the use of computers for
education, for research, and other purposes, is important
for evaluation of the computer's operation in universities.
Also essential, is an analysis of computers with respect
to their parameters and use in industry and in universities.
It is therefore necessary to keep in mind different kinds of
computers (digital, hybrid, analogue) of which the latter are
used to a large extent in our universities. There is further
need for cooperation between universities and research
institutes to be developed at the highest level. Computing
centres in universities are currently developing more
advanced systems programs that will permit all computer
users easier and more satisfactory access.
From these considerations, it follows that universities are
well able to respond to the use of computer science at the
highest level. Therefore, it is necessary to equip the
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universities with the most modern computers and to ensure
the advance of universities before the other computing
centres in industry.
The analogue computers used in our universities are
manufactured in Czechoslovakia, at Tesla. They are
installed in some institutes of our universities in large
numbers. Such computers are used for education purposes
and to study the behaviour of some physical problems
(technical, chemical, biological, etc.), by constructing
mechanical systems or electrical networks; their behaviour
results in analogous, transient phenomena, satisfying the
same differential equations, etc ..
3. COMPUTING CENTRES IN UNIVERSITIES
The final plan of computer installations in education is
to realize computing centres in all universities and to
establish leading computing centres in some university
towns. The existing computers in universities, centres of
lower parameters, will be replaced with new modern
computers. This replacement is at present in realization.
From a standpoint of usage, the computer applications
and the cooperation between computing centres, it is
necessary to take into account the following minimum
computer parameters in the universities' centres:
programming languages ALGOL and FORTRAN IV,
eventually COBOL and modern systems of computer
control; alphanumerical input unit; punched tape; in some
cases, also the possibility of analogue input; alphanumerical
output, high-speed printer; tape punch; in some cases
analogue output; internal memory of the capacity
minimum 16,000 words; external memory with disks or
magnetic tape, fundamental capacity range of ten millions
words with a possibility of additional extension in case of
necessity; fixed and floating point hardware; mean speed
50,000 to 100,000 operations per second; partial internal
time sharing.
These parameters are needed for the computers in the
universities centres. The computers installed at the leading
centres of university towns would have the following parameters:
higher operational speed; about 500,000 operations per
second; large amount of input equipment, including special
equipment; triple or quadruple higher operating memory
with respect to the computers in university centres; for
external memory, the equipment with disks and magnetic
tape, the increase of capacity, and the reduction of access
time; sharing system.
For all centres were chosen, according to previous
information, computers of a uniform kind which guaranteed cooperation between computing centres. That was
necessary for the uniform basis of the programming
languages; tape compatibility, and computer programming
education in the universities. The Computer Board
recommended the plan of computing centres to the
Ministry, arid the name of the computer 'Tesla 200'.
produced in the foreign licence.
The periods of computer replacement in various
universities were fixed for the program of computer
installations. Evaluation of computer service life was based
on the service life of computers in foreign countries, in
their universities and industries and, of course, on our
fmancial possibility.
The high speed computer will be used to replace year
by year obsolete computers but some will be installed to
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carry out new applications.
We found out how many computers will be retired from
service in coming years. Early computers suffer rapid
obsolescence, and few remain in service more than seven or
eight years. The computers now installed will remain in
service appreciably more than seven years.
Into the program of computer installations in various
universities was taken in account their educational
character; the specialisation of research works; elaboration
of economics models; education control, and so on. The
full extent of the computer centre buildings was divided
into sections from which was ascertained the financial costs
in various periods and individual years.
During the period before installation there is often
intensive pressure to write programs in order to bring the
equipment into operation as soon as possible after it is
received; in frequent cases this preparation cannot be
accomplished and, for this reason, the setting up of the
replacement computers may take about twelve months.
This is likely to remain so for many years, until computers
in our universities become standardised and languages
universal.
4. COMPUTER EDUCATION
Similarly, as in other branches of our economy, the
organisation of computer installations in the university
centres is centrally controlled. This fact takes into account
the education of students in computer science for all
specialisation

in universities and general education

in

computer design and construction. It is necessary to
emphasize that our first computer staff was educated on
the Soviet Union's computers. However, it has fully used
the experience of computer science in the Western
countries. With regard to our possibilities, one student was
allotted one hour of machine time of a high speed
computer per semester. For all study discipline, computer
programming was introduced into curriculum in the second
study year. Lectures contain elements of programming;
general programming languages; Boolean algebra; methods
of numerical mathematics. On average there are two
lectures and two practical lessons per week. Mathematical
principles for computer programming are included in
lectures of mathematics. It is needful to say that some
universities have additional lectures, and undergraduate and
postgraduate courses of computer programming. These
courses have a high level and also enjoy great popularity.
At the higher semesters, students make full use of
knowledge and experiences of computer programming in
technical lessons and, for an elaboration of the final
diploma, submit written papers to the university. An
understanding of computers and their applications must. be
given to university graduates who will be affected in varying
degrees as the use of computers progresses in engineering,
industry, research, commerce, medicine, government, etc ..

Our economy requires a large number of qualified staff to
work with computers.
It is assumed that the students' education will be
realized on computers in the universities' centres and the
leading centres of university towns will be used for research
and scientific works of academic staff.
The training of analogue computer programming is
contained in lessons of digital computer programming or in
technical lessons of programming applications.
It must be noted that, in some of our universities, the
introduction of computer programming presents certain

initial difficulties, in particular, with regard to lack of
programming teachers. It is usual that computer manufacturers or contractors organize programming courses on
delivery of computers for computer staff and teachers. But
these have only limited success because they are not
available to all teachers at universities and because the
teachers have frequently to meet substantial part of the
cost.
More important are programming courses offered by the
special institutes of computer science to other teachers of
universities. These courses are arranged at some universities.
The number of students in all our specialised subjects
and also in computer education is ordered by the state
economic plan in accordance with the need for workers in
our economy, in details fixed by the Ministry of Education,
taking into account 'students' mortality'. It is assumed that
the need of specialist graduates of universities for
disciplines obtained in computer science will be, in
following years:
study discipline mathematics about 900 persons per
year; mechanisation and automation of management about
600; economic-mathematical analysis about 350; technical
cybernetics about 1,300.
It must be said that, at present, the need for computer
personnel with secondary school and also university
education in computer science and programming technique,
is especially acute.

a

5. MACHINETIME DISTRIBUTION
The Ministry of Education, having a full responsibility
of computer education, provided principles for computer
use and distribution priority of machine time for various
working tasks:
university computing centres:
I) education: each university student must have a
possibility for personal use and applications of
computers;

2) research and scientific works of university teachers,
realized within the framework of the university, or in
cooperation with various research institutes;
3) the management and administration of the university;
4) consultation and service activity for other branches of
OUf

economy.

Machine time distribution and priority in leading
computing centres in university towns. Three computing centres are proposed at university towns in the
Czech Socialist Republic and two in the Slovak Socialist
Republic. Two centres are partly being realised for:
I) education in the university
a) student diplomas and student scientific problems
b) improvement of computer science education in the
university
c) carrying out new methods in computer science
education;

.

2) research and scientific problems in the branch of the
Ministry of Education
a) proceedings of research problems
b) research problems in computer science with regard
to education and research scientific problems in
universities
c) research in disciplines in which computer science is
used as a helpful means;
3) management and control in branches of the Ministry of
Education

a) organizational works for purpose of the Ministry of
Education
b) data processing in university institutions (students'
library; dormitory; health; social and sports
amenities; university canteen, etc.)
c) complex data processing and education evaluation
in universities (entrance procedure; evaluation of
students' results; time-table)
d) rationalization regulations in branches of Ministry
of Education from the point of view of uniform
evidence of the working people;
4) consultation and service activity
a) consultation and service activity for other universities
b) consultation and service activity for external
institutions at the highest level
.
c) to make exacting programs and programming
languages
d) design and construction of special equipment for
computer science
e) remainder of machine time capacity to give for
payment to external institutions.
To evaluate the machine time, a basis of the two-shift
computer operation is taken, that is about 4,000 hours in
the year. The three-shift operation is used as reserve and for
repairs. It was found that the full education processin the
future in the universities will require a small number of
computers as it is projected in the program of the computer
centre building.
The number of computers installed following replacement
will be otherwise smaller (40 in the whole of Czechoslovakia) but the computers will have better parameters.
Next, our development in computer science will work in
cooperation with other socialist countries and the Soviet
Union.
6. SOME INFORMATION ABOUT THE USE OF COM·
PUTERS IN OUR SECONDARY SCHOOLS FOR
TRAINING THE STAFF IN COMPUTER PRO·
GRAMMING AND TECHNIQUE.
It will be import ant to the social development of our
country that the citizens understand computer science at
least as well as they now understand engineering or
mechanics. This means that education about computer
science should be begun in the secondary school,
It is necessary that computer instruction is included in their
syllabus. At present, there is a temporary lack of persons
qualified in computer programming and techniques and,
therefore, there is a great demand for those with fundamental training.
Secondary schools with technical education and
commercial schools have introduced lessons with computer
programming; data processing; introduction of numerical
mathematics; subsequently, with training on computers. On
an average, there are 5 or 6 lessons per week.
In addition, these schools organize one or two year training
courses in programming, and systems analysis for secondary
school leavers without computer technique education. The
education in these courses has a commercial or technical
background, but, for non-specialist computer staff. The
secondary schools use, for programming education, the
small digital and analogue computers or utilize superfluous
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time capacity of computer centres in universities or
industry. In future, secondary schools will be connected
with computing centres in universities or university town
centres.
7. SUPPLEMENT

In previous sections, we presented questions of the university computers in our country with respect to computer
science education. More detailed information about our
computer education will be given in reports from other
Czechoslovak participants.
REFERENCES
Orders and instructions issued by the Ministry of Education

Reportson computereducationin GreatBritain and USA (February
1970).
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I. INTRODUCTION
The digital computer has become the most important
tool ever developed for scientific work. The computer is
used in perhaps every discipline in a modem university or
research institute, from plant pathology to linguistics, from
astronomy to business administration. While most branches
of science and engineering are concerned with the use of
digital computers, electrical engineering, by virtue of its
long standing and deep involvement in information
processing technology, is also vitally concerned with the
conception, design and construction of digital processing
systems as general purpose computers or as components of
larger systems.
Modern digital processing systems consist of hardware
and software. Traditionally, electrical engineering departments have been concerned with the digital circuit portion
of the hardware; for the most part they have ignored the
organization aspects of computer systems and all of the
software area. With the advent of large scale integration
(LSI) as a feasible technology, and with the emergence of
microprogramming as a standard technique, it is increasingly apparent that hardware and software must be
considered as an integrated entity. Software cannot be
separated from hardware considerations; thus, the computer engineer must have both programming and hardware
design.capabilities,
A recent report of the COSINE Committee (1970)
describes a proposed undergraduate option within electrical
engineering called Computer Engineering. This option is
intended to provide the student with a basic and
comprehensive knowledge of the principles that underlie
the organization, design, and applications of digital
processing systems. Moreover, it will provide an understanding of the relationships and trade-offs between the
software and the hardware components of the system and
an understanding of how these functions should be
partitioned in the system organization in view of the
intended application. Underlying the basic recommendations of the report, however, was the tacit assumption
that the computer engineer would still function as a
hardware designer.
One of the authors (Kuo) (1969) recently suggested the
establishment of an option with a computer science
department called Software Engineering. The basic premise
for establishing the Software Engineering option is
essentially the same as that for the computer engineering
option. Namely, to design effective software one must have
a real understanding of the hardware capabilities of the
system. In the Software Engineering curriculum courses
such as machine organization, compiler construction,
systems programming, system simulation and switching

theory will be given considerable attention. The software
engineer, however, would function primarily as a programmer, not as a designer of digital circuits.
2. THE UNIVERSITY OF HAWAII APPROACH
At the University of Hawaii there are two departments
which offer programs in computers: Information Sciences
and Electrical Engineering. Most of the computer-related
courses are jointly listed and can be taken by students in
either program. We have tried to design the curricula so that
there is a common core of courses for both programs. After
taking the common core, the student could either develop
into a hardware specialist or a software engineer by electing
further courses in their specialty.
The courses are the following:
Course A: DIGITAL CIRCUITS
Boolean algebra; electronic logic circuits; contact
networks; minimization methods; symmetric functions;
sequential circuits; RS, JK flip-flops, state diagrams;
shift registers and counters; races and hazards; adding
circuits, threshold logic; introduction to automata
theory.
Course B: DIGITAL SYSTEMS AND COMPUTER
DESIGN
Machine language programming; computer architecture
fundamentals; central processing units; computer memories; Input/Output devices; the control unit; microprogramming and read-only memories; multiprocessing
and time-sharing; peripheral devices and interface
design; computer graphics.
Course C: COMPUTER ORGANIZATION AND PRO·
GRAMMING TECHNIQUES
Organization and machine language of typical compu ters. Machine language programming techniques.
Introduction to operating systems. Introduction to data
structures, sorting, retrieving data from files of
information.
Course D: ALGORITHMIC LANGUAGES
Introduction to algorithms; languages for describing
them; associated programming techniques. Commonly
used languages for numerical and non-numerical com.
putation; ALGOL, PL/l, LISP, SNOBOL, FORTRAN
and others.
Course A is a hardware course while B concentrates only
on software. Courses Band C are systems courses which
deal with the digital computer as an integrated entity of
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hardware and software. However, Course B does stress
hardware and Course C, software. Course B has Course A as
prerequisite while the others do not have any specific
requirements except that all students must have had a
course in programming with a high level language such as
FORTRAN or PL/I before enrolling in courses B, C, and D.
Other recommended courses which serve to round out the
students' background are:
Hardware Option

Software Option

Electronics
Communication Systems
Instrumentation
Analog Computers
Sampled-Data Control
Systems
Linear System Theory
Error-Correcting Codes

Statistical Data Analysis
Information Theory & Coding
Natural Languages
Stochastic Processes
Time series Analysis
Automata Theory
Information structures

In this paper we shall concentrate on the hardware
option, and more specifically on the approach taken in
Courses A & B to educate students to become effective
digital systems designers. We feel that Courses A & B,
although not unique in their content, offers a new approach
in the way laboratory experimentation is made an integral
part of the course.
With the advent of LSI, logic designers must become
more systems-oriented. More and more, logic design is done
on the macro-modular level rather than on the individual
gate level. This change in design practice has brought about
a radical change in philosophy in the teaching of logic
design and computer organization. There are two observations which we can make on the traditional approach
taken in the teaching of these two subjects:
I. Theoretical material on switching theory and
sequential machines is still heavily embedded in
almost every curriculum dealing with digital computers. Although the theory is well developed, there
does not exist a clear relationship between it and the
practical design of digital systems.
2. Relatively little emphasis is placed upon laboratory
experience. Few experiments give the student the
opportunity to solve realistic design problems.
In our program, theoretical material on sequential
circuit analysis is deemphasized. It is our belief that the
rapid increase in the complexity of digital machines brought about by the rapid development of low priced,
highly complex integrated circuits - has made this material
almost useless for practical circuit design. Instead, in our
program we plan to emphasize actual laboratory experience
in digital design. In brief, we feel that in digital system
design the theory has fallen far behind the practice and the
only way that a student can learn digital design is to
actually do it.
In our laboratory both 'canned' experiments for
beginners and more realistic one-of-a-kind experiments for
more advanced students will be employed. The equipment
used for these experiments is described in the next section.
3. THE EXPERIMENTAL SETUP
Because of budget limitations, the number of laboratory
setups available is small relative to the number of students
which it must serve. This places at least three serious
constraints on our laboratory:
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1. The circuits and subsystems must be relatively
easy to wire up and dismantle. This is to permit
the laboratory to be time-shared effectively by a
substantial number of students.
ii, The laboratory must be flexible enough to permit
interesting experiments to be performed by
students with a wide range of expertise. This is to
permit junior and senior students to use the
laboratory effectively along with advanced
graduate students.
iii. The internal states of and functions performed
by an experimental system must be' easily
determined by direct visual observation. This
facilitates rapid circuit debugging and the
performance of interesting experiments in a
relatively short period of time. This last
constraint is to enable more students to use the
equipment and perhaps more importantly, to
keep student interest high.
After examining a large number of commercially
available logic laboratories, we concluded that the
equipment we needed had not yet been developed. We then
arranged for a local electronics firm* to develop and
manufacture this equipment to our specifications.
The resulting Logic Laboratory, (Figure 3.1) consists of
a large plug-board and a set of small pluggable logic
modules (Logicubes). (Figure 3.2). These modules are
powered when mounted on the board and are interconnected by the means of stackable patchcords.
Because the modules are moveable, logic circuits can be
made to assume the same form as their circuit diagrams.
Also. each logic output is provided with an indicator lamp.
Hence both the function of a circuit and its internal states
can be determined quickly and simply by direct visual
observation.

Our approach in using the Logic Laboratory is to start
the student with the definition of the basic gates AND, OR,
NAND. NOR and NOT and gradually to build more
complex circuits from these. For example, Figure 3.4 shows
an RS nip-flop constructed from NOR gates. Figure 3.5
shows the construction of a JK flip-flop from two RS
flip-flops. Figure 3.6 shows a full adder constructed from
AND and OR gates.
After the student has developed facility in basic logic
circuit design. he is given somewhat more complex modules
to use in building digital subsystems. For example, the JK
flip-flops and full adder circuits are used to construct a
single stage of a simple accumulator as shown in Figure 3.7.
Figure 3.8 shows a 4-bit addition circuit. In Figure 3.9 a
third register has been added; the resulting circuit has the
capability of multiplying two 4-bit numbers.
After designing and constructing a number of circuits on
this level the student is ready to proceed to the design of
small digital machines. Toward this end we provided him
with still more powerful modules. Figure 3.10 shows the
circuit of Figure 3.9 implemented with three 4-bit register
modules and one 4-bit adder.
At present we are developing a number of small
'microcomputers' using our Logic Laboratory. Among the
computers which will be built are 8 and 12-bit parallel
binary machines, 8, 12 and possibly 16-bit serial machines,
2 and 3 digit decimal machines, and several small
special-purpose computers. Memory is provided by using a
number of 64-word 4-bit memory modules. The basic
memory employs an MOS array. Input-output functions
will be performed by an IBM Model 2741 Selectric terminal

or equivalent equipped with a rather simple interface.
The purpose of this computer lab is to allow students to
implement and use various computer architectures.
Students will write programs - machine language, of course
- to perform common computing functions on a small
scale using a number of different machines. On the basis of
running time for these test programs, the amount of
memory used and the number and cost of the logic modules
employed, the students will begin to acquire a realistic 'feel'
for the fundamental principles of computer design.
Future plans call for interfacing our microcomputers to
various external devices. A~D converters, communications
multiplexors, several types of IT·odems and larger computers
are among the possibilities.
4. CONCLUSIONS
New undergraduate courses in electrical engineering
have been developed in recent years which deal with the

principles governing the organization and the design of
digital systems for various applications, and which study
the important relationships and trade-offs that exist
between hardware and software approaches. It has been the
objective of this paper to describe the approach taken at
the University of Hawaii to educate students to become
effective digital systems designers.
The product of our program is an engineer who is
readily adaptable to design in an industrial environment and
yet who is well-educated in the most important aspects of
computer systems both in terms of programming and logic
design.
REFERENCES
I. COSINE Committee, An Undergraduate Computer Engineering
Option for Electrical Engineering, Commission on Education,
National Academy of Engineering, January, 1970, pp. 2-6.
2. KUD, F.F., J969, Computer Decisions. Vol. 1, No.2, 94.

* ADTECH, Inc., Box 10415, Honolulu, Hawaii
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l.

INTRODUCTION

In the past twelve years we have witnessed the arrival of
powerful computers and we have also seen the increased
application of computers in solving engineering problems
and the achievements made through them. In certain
branches of engineering and shipbuilding, the influence of
the computer is beginning to have a profound effect in that
computer techniques and programs are gradually replacing
the design methods which have in the past been based
mainly on empirical and graphical approaches or through
the use of charts. Not only is industry using computers to
perform its daily tasks but also a great deal of effort is
being put into planning the future around these computers.
To meet the challenge of the 70's, it is equally important
for those of us involved in the teaching of engineering at
the Universities of reconsider the effect of these technological advances.
Although research work has proceeded rapidly through
the usc of computers, it is only recently that more
attention has been paid to the problem of computer
education of students in Universities, Colleges and Schools.
In making a decision on the best policy to follow in
computer education of engineering students, we are faced,
not only with the need to have suitable computing
facilities, but also with the need to re-orientate the teaching
of engineering students. Primarily the interest here is in the
computer as a tool and the students are therefore only
interested in acquiring the necessary skill in computing
provided they can see the benefits of the computing in their
future careers. In addition we have also to take extra care
to ensure that the modern graduate produced would not be
so dependent on the computer that he is 'unable' to solve a
given problem in the industries where such facilities are not
readily available. However, with the availability of the
on-line console which can allow the user to be directly
linked to a powerful computer located some distance away
from his office, this objection can be readily overcome.
In this paper we attempt to explain briefly why we have
opted for the use of on-line consoles and outline some of
the experiences gained in this area.
2. COMPARISON BETWEEN THE BATCH PROCESSING AND ON-LINE METHODS
In recent years the computers which have been installed
at British Universities have generally been provided with a
view to allowing research projects to be performed. It is
therefore, not unusual to find these computers orientated
towards the batch processing mode of operation and also
having a predominence of effective computing power. Yet
the problems or exercises which the undergraduate students

would be performing on the computer are generally short
and simple ones which need very little central processing
power and in the compilation of their programs one would
expect to find a large number of elementary errors and
often several runs are needed before the answers are
obtained. The experience gained by using this approach in
student participation has shown that, even with special
periods allocated to student teaching, this mode of usage
proves to be a slow and inefficient process and the students
tend to lose interest quickly. We are therefore left with the
choice of, either providing a batch processor with very
effective input and output handling facilities, or to use an
alternative method to introduce the computer to students.
The introduction of a commercially operated on-line
computing facility in mid 1967 offered an opportunity to
test whether this was an approach that would provide a
more flexible method for student education.
A seminar was organised in 1967 to present this
approach to a large class of students and to enable them to
follow the steps involved in the processing of a computer
program via the on-line mode. In this seminar closed circuit
television was used to relay the print out from the
keyboard to a dozen television consoles located in various
parts of the classroom. This demonstration began by
selecting a number of elementary computational problems
which were familiar to the students and the source
statements of the programs were prepared statement by
statement in front. of the audience before they were
compiled.
In carrying out such examples the students gained an
appreciation of the process although they need not
necessarily have understood the actual codings used in the
demonstration. The next step was to introduce one or two
errors in the statements and thereby illustrate how such
errors may be diagnosed by the computer and the ease by
which corrections' can be made. The final demonstration
was to take an example which had been studied in the
lectures and show how the numerical solution would be
obtained.
After the seminar we carried out a survey on the
reactions of the class and were surprised how quickly they
had grasped the basic concepts of computing and they in
turn expressed their surprise that such versatile facilities
were in fact possible to solve their problems. Overall, those
students who have experienced delays in the batch
processing system were enthusiastically in favour of on-line
usage. We then introduced these facilities in selected classes
with small groups of students and the results were
encouraging.
It is generally accepted that on-line usage is an
expensive method of using a computer with good
computing power but the benefits we achieved in
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introducing the computing technique to the students, even
in a very limitcd sense, fully justify this mode of usage,
3.

TEACHING OF A HIGH LEYEL LANGUAGE

The on-line consoles have proved very successful in
reducing the time required to teach the student to acquire
the basic skills of computing with a high level language. In
selecting a programming language to teach the student, the
usual choice lies between Algol or Fortran.We chose Fortran
since it is generally more flexible within the computing
system used and also because many programs in engineering
are already available in Fortran. Thus it would be more
beneficial for engineering students to become familiar with
this language.
Since we aim at producing good engineers with skill in
computing techniques and not efficient programmers, our
policy has always been geared to teaching the fundamentals

of Fortran within a prescribed period. To achieve this task,
u concise set of Fortran notes was produced, see Kuo

(1969), to cover eight one-hour lectures over a period of
four sessions. Two lectures are first given and they are then
followed by practical sessions in which the students are
requested to prepare computer programs on three simple
exercises. These exercises and their computational solutions
as well as the input data are placed in the appropriate places
amongst the notes while blank spaces are provided for the
actual programming codings to be written. A typical simple
exercise is given as follows:
Write a program to calculate the weekly cost of running
a new family car for the first year based on data regarding
(i) annual mileage in miles = A, (ii) I nsurance cost in
pounds = S, (iii) Purchase price in pounds = 1', (iv) Engine
capacity in c.c. ;:;; E. The following data is assumed for cars
in the range 800 c.c. La 1800 c.c.
Weekly cost (shillings) = [(25 + S) X 20 + 5.9 A/C + P x T 1
x (7/365)
where C = 45 - 45Y +
T = 0.85 - 0.05Y Y= ( E 800)/1000
Data: A = 12,000, S = 37.5, I' = 890, E =1300

ny'

Our experiences have shown that, even without any
previous knowledge of computer programming, the
students were able to write a program immediately after the
first two lectures. In many cases considerable help was
required in the initial encounter between the student and
the on-line console. However, this was usually not repeated
after the first program had been successfully processed.
During the four sessions the topics covered are basic
elements of Fortran plus control statements and there are
ten worked examples with thirteen exercises.
One of the main difficulties found in the batch
processing method of teaching has been the need for the
student to have some appreciation in the usage of formats
for the input and output of data. Today, most of the
on-line systems have removed this restriction and thereby
enable the communication between the student and the
computer to be greatly simplified. However, the input and
output facilities of the language are also dealt with in the
lectures during the final session with a view to enabling the
student to produce a clearer presentation of the results.
4.

EXPLORING THE SOLUTIONS OF ENGINEERING
PROBLEMS
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The on-line mode of computer usage has also opened up
the possibility for students to achieve a more effective
understanding of the basic principles involved in certain
engineering problems and this application is best illustrated
by considering a typical example.
An important fundamental relation in vibration study
which some students find difficult to grasp with clear
understanding involves the solution of the equation
governing the free motion of a single degree of freedom
system. This is usually represented by a mass (m) attached
to a spring with a stiffness (k) and resisted by viscours
damping (c). The basic second order differential equation is

given as
m(d 2x/dt') + c(dx/dt) + kx = 0
where x = distance and t = time.
The solution of this equation is dependent on the
amount of damping present and as is well known, the actual
solutions are given in the text books in engineering
vibration, see for example Timoshemko (1955). But the
student is very seldom asked to compute numerically the
solution of this equation with specific values of m, c and k,

and he usually accepts without question the results given in
the textbooks. Furthermore, if a forcing function F(t) is
added

to

the

right

hand

side

of this equation, the

computation becomes more involved and it is unusual to
ask a student to investigate the relative effects of transient
and stead): stale components. However, since a clear
understanding of this solution is essential to the grasping of
the fundamentals of engineering vibration, a conversational
program has been prepared to provide the student with a
method of improving his understanding of the subject. In
this program all the possible solutions to the equation of

motion arc programmed and the student is guided directly
by the questions printed out 011 the console.
For a given set or parameters, the program would not
only print out the type of motion the system in undergoing
but also for any time interval the results of the solution in
terms of distance (x) versus time (t). Thus, with the aid of
this facility, the student is now in a position to study the

various solutions by choosing arbitrarily any combination
of mass, spring stiffness, damping and force or, alternatively, he can systematically vary one particular
parameter by keeping others constant with a view to
examining the consequence of the change.
Such a program has not only proved very .useful in
overcoming .the difficulties encountered in the past but

improved the student's understanding as well as generating
his enthusiasm [or the subject.
5. COMPUTER AIDED DESIGN APPLICATIONS

The design process in engineering varies considerably
between different industries but what is common in all

engineering design studies is that the initial idea is often
based on a limited quantity of data and a number of
unknowns. In carrying out a design the engineer is required
to have ability in both analytical and engineering experience. The first of these receives adequate teaching in
most universities but the latter not generally obtained until
the student has had some years in industry subsequent to
his engineering course. Much of this engineering experience
is deployed in selecting an optimum from a variety of
parameters many of which are incompatible. Thus the
design process is invariably dependent on some form of trial

and error procedure which

i~

turn is concerned with codes

of practice, technical methods as well as the experience of
the designer. The analogue compu ter can be used in this
respect but here the problems that can be tackled are
limited in nature whereas the use of on-line terminals linked
to a digital computer would give a similar type of approach
to the problem and at the same time obtains the advantages
of applying both digital and analogue computer techniques.
The range of applications in which the on-line mode of
operation can be useful in the teaching of students in design
with aid of a computer is shown by an example.
In rotating machinery such as turbines it is essential
part of the design to estimate at what particular speeds the
rotor will run in the unstable condition of resonance. In
general this is done by a numerical calculation to estimate
the value of some parameter such as dynamic stiffness
which varies with the speed of the rotor. This parameter is
selected in such a way that its numerical sign changes at the
resonant condition. If it is required to find a resonant frequency below 1000 Hz to an accuracy of I Hz a program
prepared for batch processing will require either the
calculation to be carried out at I Hz increment, i.e. the
calculation would be performed 1000 times, or the program
to make several batch runs with different increments after
examining the results at each stage. A more sophisticated
technique can be evolved to find the answer more quickly
but this raises numerical difficulties which are irrelevant to
the problem being studies and bring in additional
difficulties to the students at an early stage in their course.
Indeed this is more conveniently handled by the on-line
approach whereby the student selects initially his speed
increments in steps of 100 Hz up to 1000 Hz and stops the

computing process immediately a change in sign occurs in
his chosen parameter. At this stage he can after two further
sub-divisions of speed increments obtain the answer to the
required accuracy. By this technique the required accuracy
is achieved by an average of 15 passes through the
calculation as opposed to the 1000 passes that is needed in
a direct approach.
In addition the requirements to program an overall
design process that can incorporate all the possible
variations would not only require an exceedingly large
computer but the cost of developing such programs would

become immerse. However, as many of the design work can
best be achieved through an interaction between man and
computer the use of on-line fucilites can take the routine
load from the designer by performing the calulations and
store the basic design information in the memory of the
computer so as to complement the experience of the
designer. Having developed a number of programs for
research purposes we are now using these programs for the
training of postgraduate students in carrying out computer
aided design studies which involve the handling of a
common pool of programs as well as a large quantity of
data stored on the files.
To illustrate this usage we give a further example which

involves tendering a ship design.
The basic requirements of the ship owner concerning
the volume of cargo to be carried over a specified distance
at a desired speed are given to the student. His first task is
to select the principal dimensions of a design through the
use of a program which employs data on ship economics
that are stored on the files. Then he derives the hull surface
of this design from the stored data of ships having known
good performance characteristics. The basic hydrostatic and
stability calculations are performed using the derived ship
and the results are checked against statutory regulations of
this class of ships which are available on some other data
files. Having performed one cycle in the design process the
students tests whether a satisfactory design has been
achieved before proceeding to the next phase of the
calculations. If the design does not meet the specifications
the cycle is then repeated with modified parameters. The
on-line facility permits these changes to be carried out
effectively within a short period while giving the student
control over his design.
.
By using the types of techniques described in this
section the student can gained valuable experience in design
while at the university and this would also enables him to
make useful contributions when joins the industry.
6.

FUTURE TRENDS

With the availabitity of computers which are dedicated
to on-line computing work and also with the development
of even more flexible communication languages in addition
to the existing BASIC and FOCAL, it is likely that the
on-line console will replace the slide rule as the engineer's
basic tool. The student is likely to use the computer for
learning and analysing the laboratory experiments as well as
performing every aspect of his course work. To produce
flexible and effective programs, considerable effort and cost
are involved and, since so many of the topics taught would
be of benefit to all the universities, we would suggest that a
Committee of IFIP be assigned the task of co-ordinating the

exchange of information about the various educational
programs as well as the exchange of computer programs. In
addition, the consequences of applying these programs
should be investigated and we feel that a carefully studied
survey be prepared by the interested parties and circulated
to all participating organisations. After a period of two
years an opportunity should be given to analyse and
exchange the progress of the methods on the education of
engineering students.
REFERENCES.
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I. THE ACADEMIC ENVIRONMENT
Unlike in many other universities, the computer science
program at the University of Tampere did not start as a part
of a mathematics curriculum, or from existing courses in
computer programming or applications. The University of
Tampere is an outgrowth of a school of social sciences,
which now has three faculties: social sciences, humanities,
and of economics and administration. This last faculty was
started in 1965, and has had a chair in computing since its
beginning. The departments of the four methodological
disciplines, mathematics, statistics, computing and philosophy (logic) are grouped within this faculty as some kind
of a subfaculty. It is to be noted that the university has no
aCade111ic-progranls [n engineering, physics or chemistry,
and has no intention to start any.
Studies in each discipline are traditionally divided into
three levels. For a master's degree, a student has to pursue
studies in three or four different disciplines, all of which are
not necessarily taken from the same faculty. In his major
discipline, he has to take the highest level, and in the others
he needs the intermediate level in one and the lowest level
in two, for instance. In selecting his combination of
disciplines, a student has great freedom. However, most of
the students majoring in computing have a combination
including some other methodological disciplines and
economics or business administration.
The computing center of the University is organisationally quite separate from the department of cornputing. Since 1966, it has had a modest computer, on
which computing services have been run both for faculty
and students. These services consist mainly of statistical
calculations. In computer science, the computer has been
used for the students' Algol 60 programming exercises and,
to some extent, also for more advanced programming
projects.
2. OUTLINE OF COMPUTING EDUCATION
Because of the nature of our University, and as
computer science has been an independent discipline from
the very beginning, the expectations and immediate
educational needs of other departments did not influence
the design of our program too strongly. On the contrary, it has been possible for computing to influence
methodological disciplines so that they can be combined in
a meaningful way.
One of the objectives of the education is to meet the
need for capable information systems designers within
administrative data processing. In principle, the faculty of
economics and administration should offer good opportunities to combine different components for such an

education. In practice, this requires teachers with interdisciplinary skills, and close co-operation has so far been
established only with business administration. Other goals
of the education are connected with systems programming
and research in computer science.
It is hoped that combining these goals will help the
computer usage to get rid of the superficial classification of
computing into scientific computing and data processing. In
the various courses the viewpoints presented are often quite
different, so that the students will not adopt a too narrow
applications, technical, or scientifically oriented attitude.
The program contains a nucleus of computer science and
data processing courses on which different kinds of
applications oriented or methodological specialisation can
then be built.
In this paper.ithe outline, goals and general structure of
the program, will not be described further. Instead, more
detailed information will be given on two programming
courses, which can be considered a basic core of the whole
program.
3. GOALS OF THE BASIC COURSES IN PROGRAMMING
Because of our academic environment it is not necessary
to start programming education in the usual way, Le. by
providing the studen ts with fluency in a specific programming language and with ability to use the available
computer efficiently as a tool in some particular
applications. To some extent, this responsibility has been
taken by the computing center in its courses for the users.
Also, the mathematical background of the students is often
quite minimal, and they are not familiar with applications
in which they would have experienced the need for a
computer. It was felt, however, that computing has not
deserved its position as an independent discipline; if it
cannot start without strong prerequisites of theoretical or
practical nature. Therefore, it was decided that the
viewpoint in the basic programming courses should be
neither applications oriented nor technical. They should try
to reveal the essence of the programming way of thinking
rather than teach how to make use of the computer as a
tool. As other courses will serve to balance between
different possible viewpoints, a rather pure approach was
adopted which emphasizes programming as a mental tool
for expressing data processes. Rather than starting with a
description of a programming language or a computer, the
first aim is to create a need for expressing data processes.
Starting with simple processes for which natural language
and flowcharts are sufficient, the complexity of the
processes is gradually increased, and a programming
language is developed to meet the expressional needs.
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It is obvious that education like this relies quite heavily
on the selection of examples and problems which are used.
In this case, emphasis is on data processes which are central
to both systems and applications programming, and the
problems are mainly concerned with data representations,
information structures, searching and sorting. The material
is organised in two consecutive courses, each containing five
hours a week of lectures and exercise for one semester plus
individual preparation and debugging of several programs
ona computer. Detailed material with over 200 problems is
available in Finnish.
Comparing the courses with the recommendations by
ACM Curriculum Committee on Computer Science (1965)
(I) the most notable feature of this approach is probably its
viewpoint. As to the contents, it might be interpreted as a
more elementary "Introduction to Algorithmic Processes"
(ACM Course I), and taking "Information Structures"
(ACM Course 4) and some of "Algorithmic Languages and
Compilers" (ACM Course 5) without the prerequisite of
"Computer Organisation and Programming" (ACM Course
2). It is felt that in this way students who will not pursue
further studies in this discipline will get valuable
information which is not tied to present hardware and
software. It is also felt that the later courses on hardware
and software are easier to build on this basis.
4. FIRST COURSE IN PROGRAMMING
The first course starts with examples of simple
sequen tial processes which can be described by flowcharts,
like e.g. how to use a telephone. No complications arc then

introduced by considering simple processes involving data.
Examples are taken of playing nim, hyphenating Finnish
words, the Eucleidian algorithm, and conversion between

Roman and Arabic number representations. The sequential
flow and conditional branching of a program are the only
concepts introduced so far.
It is unfortunate that the problem of hyphenation in the
Finnish language docs not translate easily into English,
since this is an excellent introductory problem for several
reasons. Firstly, everybody knows - or at least thinks he
knows .- how to hyphenthate words, but this is usually not
thought of as a problem requiring an algorithm. Most
Finnish words can be hyphenated without any difficulties,
but examples can be found in which the audience usually
has different opinions. Secondly, with some thought, a
couple of simple hyphenation rules can be discovered which
can be immediately generalized to apply to any letter
string. These rules lead easily to a flowchart which is
neither too difficult nor quite trivial. Thirdly, there are
special cases in which no formal rules will work correctly.
Even some words can be found with two different
hyphenations depending on their meanings. Finally, it is
also considered an advantage that the algorithm can be
described without any arithmetics or assignments.
The first conceptual difficulty in programming is the
concept of a programming variable and an assignment of a
value to a variable. This is introduced by an example which
tries to be less abstract than dealing with numbers and
numerical variables. This example is the well-known
problem of finding out with a minimum number of
weighings which one is different of twelve balls, when one
of them is known to differ from the others. To express the
solu tion of this problem, notations are introduced for the
"position" of a ball in an ordered set of balls, for weighing
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and for interchanging the balls. With the analogy between a
ball position with a ball in it and a variable with a value, it
is now easy to explain the concept of a numerical variable
and an assignment. Examples and problems are then taken
of calendar problems, prime-numbers, and enumeration of
rational numbers.
The next step after the concept of a variable is naturally
arrays and indexing. Using still flowcharts with appropriate
notations for these concepts, simple problems of summation, searching, sorting, etc. are considered. Problems
involving nested indexing are also taken, as the concepts of
a variable and its value are so easy to confuse in such
situations.
It this stage, the student should already be quite
prepared for a programming language, as several of its
notations have already been introduced. The language
which is taken in this course is a primitive subset of Algol
60, which is also used to run simple programs on a
computer. As procedures, nested blocks, Boolean variables,
switches, and other complications are left out at this stage,
this language corresponds closely to the needs of expression
which have been created so far. Algol 60 was selected
because our computer happens to have a compiler for it,

and because irrelevant machine features and language
restrictions can be completely ignored using this language.
The rest of the course is devoted to number
representations, introductory explanation of the available
computer from the programmer's point of view, and to
principles of file processing. In all these questions Algol 60
is used as the vehicle of expression.
The discussion on number representations is mainly
concerned with algorithms associated with different

representations and conversions between them. After these
considerations it is quite easy to describe the particular
mechanisms used in the available computer. The discussion
on file processing concentrates on serial file updating, radix
sort and merging. The algorithms are expressed in Algol 60
with a few "Cobol-like" additions, which are not available
on our computer and which serve only educational
purposes.
5. SECOND COURSE IN PROGRAMMING
While the first course is quite elementary in many
respects, it gives a proper basis for the second course to go
directly into some rather advanced topics. The viewpoint is
quite similar in both these courses, and the applications
oriented as well as the technical attitudes are still very
much suppressed by an attempt to achieve a more general
understanding of data processes and how to express them.
This second course is started by describing Algol 60 in
more detail. A rather extensive discussion is included on the
syntax metalanguage. Special treatment is devoted to
recursive description of data processes, and to the

correspendence between recursive procedures and ordinary
program loops with stacks. Problems are taken of checking
the correctness of nested bracket structures, parsing

arithmetic expressions, and conversion between prefix,
infix and postfix notations.
The next topics are methods for searching and sorting.
These include also discussions on chained lists, binary trees
and other similar information structures. The application of
these methods to file organisation becomes quite apparent,
although the discussion is kept free from any technical
characteristics of file media. In dealing with tree structures

and sorting, some nontrivial algorithms are taken which
show the practical usefulness of recursive programs outside
systems programming. Searching and sorting give also an
opportunity to compare the efficiency of different
algorithms. Detailed analyses of efficiency are not made,
however.
Another problem area which is essential for all
programming is the method for accessing arrays is a linear
store. This leads in a natural way e.g., to algorithms which
can be applied in the later courses to describe paging and
segmentation mechanisms in time-sharing computers. The
concept of access vectors is also extended in the
well-known way to represent' .rdered tree structures in a
linear store.

In connection of tree structures, some

problems of coding theory are also taken up.
The rest of the course is devoted to algorithms
associated with ordered graphs. This portion has been
included in the course for the following reasons. Firstly,
ordered graphs and networks appear in a wide variety of
applications, ranging from compilation techniques and
formal language theory to operations research and project
planning. Secondly, they provide a very rich source of
nontrivial problems to construct meaningful algorithms,
and thirdly the most efficient solutions to these problems
are not always immediately obvious. In fact, an efficient
algorithm for finding all connections or all shortest
distances in a network requires a quite nontrivial proof.

6. SUMMARY AND EXPERIENCES
As it was already mentioned, these two courses which
have been described form the basic core on which the rest
of the education is built. The first course is an elementary
one, and it has been described mainly for its possible
pedagogical interest. The second one might be called an
advanced course, and it includes starting points and
methodological foundations for several later courses on
software techniques, operating systems principles, formal
languages, and definition of programming languages.
The structure of the courses was developed during the
first two years of our program, and for three years the
courses have been offered in their present form. They are
both considered by the students to be quite demanding.
This applies especially to the second course and to those
students who are more interested in administrative data
processing than in complex programming. It is to be noted,
however, that in our academic environment computing

courses are often compared to courses with no logical or
methodological difficulties and which do not require sueh
continual activity.
lt is true that the contents of both these courses are
quite large, and that the students are required to become
able to apply independently the methods discussed. On the
other hand, the purpose of the courses in not to exhaust

these topics, but rather to activate the students to solve
logically nontrivial programming problems, and to provide
them with both the imagination and the basic expressional
means they need for this.
There has also been critique of the fact that these
courses do not give familiarity with the programming and
the use of the most common computer models in the
market, or of any other modern computer for that matter.
As for administrative data processing, this situation has led
to providing a special combination of business administration and data processing courses where the second
programming course is replaced by a more conventional and
less demanding course on the use of certain programming
languages and operating systems, and on file organisation.
It might also be argued that the design of the above
programming courses is only a result of a lack of easy access
to a modern computer. This lack has been a fact, and it has
certainly influenced our education. However, search for the
essence of computing as an independent academic
discipline has probably been more important. The starting
point was that computers and programming arc not only

technical tools to be used effectively, but they form an
essential and profound addition to man's mental abilities to
master information, comparable to written language and
mathematics. It was also felt that the approach in the first
programming course would probably have the greatest
influence on the students' future attitudes, and we did not
W3111 to give the impression that computing is primarily
numerical calculation or the updating of files. This general
background for education was discussed more thoroughly
by Kurki-Suonio (1966)(2).
.
It is to be admitted, however, that some later courses in
our program do require a better familiarity with the use of
modern computing equipment than what has been able to
provide so far. As there is strong evidence that such
equipment will become easily accessible to us in a near
future, a new course is being planned to recover from this

defect. It will not replace any of the above courses, but will
probably be placed between them.
As this approach is a quite general one, does not require
knowledge of any special field, and does not necessarily
need easy access to a computer, there have been some
thoughts of experimenting with it in high schools. The idea
of the first course has therefore been discussed in a couple
of seminars given to high school teachers of mathematics,
but no such courses have been offered to high school
students so far.
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I. IN:rRODUCTION
The computer industry, which is central to much of the
industrial development that will occupy the next few
decades, requires for its proper growth, and perhaps even
for its survival, a supply of suitably educated systems engineers.
At the present time, designers of logic systems do not
generally receive any formal education in computer science
(particularly software methods) and their approach to the
production of a new system is based on the use of well tried
intuitive techniques coupled with ingenuity and experience.
Systems programmers, on the other hand, have little or no
knowledge of hardware or digital systems organisation; they
are mainly users, experienced in the use of high level and
assembly languages but having little appreciation of the
underlying machinery or its physical limitations.
As the complexity of computer systems increases, the
ability on the part of the manufacturer to produce them in
a reliable form, and deliver them on schedule, has dirninished. It has become common to expect overdue delivery
dates and system faults. (particularly in software) in' the
initial stages. This 'complexity barrier' may prove to be a
more realistic barrier to systems growth than the often
quoted minimal time for the propagation of signals at the
speed of light (Glaser (1969 a». A new generation of
computing machines, which must emerge if major advances
in data manipulation and control are to be forthcoming
will require a breakthrough in the form of new concepts of
system design, and these in turn will almost eertainly
depend on an amalgam of hardware and software technology. In fact it will become necessary to develop formal
methods of representing computer systems as logical
machines, embracing both hardware and software functions
(Glaser (1969 b».
Ifthe future of the computer industry is to be assured,
it is essential that the dichotomy that at present exists
between programmers and engineers must be destroyed.
This may be achieved by evolving a computer systems
engineer (or computer scientist) who is equally fluent in
what are in fact the two main branches of the same subject.
There are, of course, many existing courses in computer
science, both at undergraduate and postgraduate level. Only
too often, however, such courses pander to the demands of
the user, and even where there are exceptions the courses
are generally unbalanced, with an undue emphasis on numerical methods and programming techniques while excluding other equally important topics.
A complete Computer Scientist must have a basic engineering training (the design of software systems should be
treated as an engineering project) combined with a thorough understanding of the underlying theory of informa-

tion processing systems. The need for specialist undergraduate courses in Computer Science, with the emphasis
on information processing methods, has been recognised
before, (ACM (1965) and COSINE (1968)), but the need to
build into these courses a clear understanding of engineering methods and device limitations has not been
sufficiently appreciated, (Dennis (1969».
This paper presents 'p'cop'osals for a new type of undergraduate COUrse in Computer and Information Engineering,
designed to satisfy the present and future needs of the
computer and other relevant industries. A detailed specification of the course content, together with a discussion of
the relevance of the chosen subjects, is also included.
2. INDUSTRIAL NEEDS AND EDUCA TlONAL AIMS

2. I The Industrial Problems
The immediate, and most pressing, need of the computer industry is for skilled personnel to write customer
orientated application programs and systems software. A
less urgent requirement is for engineers to design and develop logic and circuitry for computer systems.
There is also a growing demand for real-time computer
control systems, involving hardware selection and design, as
well as the development of systems software. Finally, if the
industry is to maintain its momentum as a leading growth
industry, it must support forward looking research and
development.
At the present time many Universities are apparently
satisfying the need for system and application programmers. Whether or not they are providing the right type of
education, however, can only be judged in the light of
successful systems. Unfortunately, there seems to be a
growing record of software systems projects that have corne
to grief. This can happen in a variety of ways: the system
can fail to do what was wanted (perhaps because of incomplete specification); they can become incompatible with the
computer they were designed to fit; or they can simply be
extremely wasteful of computer time. In some cases software systems may never work properly and evolve a neverending stream of amendments and system constraints.
What are the reasons for this hiatus in software design?
Programming is still very much an art, relying mainly on
commom sense and experience, since at present no rnathematics of programming as such exists. There are, however,
many rapidly developing areas of mathematics (for example
automata theory and graph theory) which can, and should,
be exploited by the programmer. Thus one obvious reason
for the breakdown in systems software is that we are
straining at the limits of intuitive programming and in so
doing meeting the complexity barrier head-on!
Many of the fundamental problems of software develop-
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ment are those continually being encountered by systems
engineers in the design of large man-machine systems: problem specification, reliability, man-machine interfaces, documentation, deployment of staff, and so on. Unfortunately,
in the majority of cases systems software is not designed in
this way, and development proceeds along an ad-hoc path
of inspiration and trial and error, often without results.
Thus the development of software systems must be considered as an engineering project; it is a man-machine
system, involving all aspects of hardware, software, and
liveware.
There also exists a need to marry together the hardware
and software areas of a computer system, and in particular
to consider the relationship of the logic design to the
software requirement. At present this approach is neglected
by most computer manufacturers, except perhaps Control
Data Corporation, (Lincoln et al (1969)), Burroughs Machines Ltd., (Burroughs, (1967)), and possibly I.C.L. (Iliffe,
(1968)). The major hindrance to progress in this work is
that programmers are not qualified to suggest improvements in computer architecture, while engineers are equally
inexperienced in software techniques.
The design of a complex computer system must consider
the duality of software-hardware implementation, particularly now that hardware, in the form of L.S.1. modules, is
becoming very much cheaper.
The basic engineering manpower requirement for the
development of computer logic and circuitry would appear
to be well satisfied by numerous undergraduate courses in
Electronic Engineering. However the systems engineering
aspect is still sadly neglected, and this is very apparent
when the design of real-time systems is examined in detail.
The final, and perhaps most important, requirement is
for long term research and development. At the moment
this aspect is being pushed to one side in the headlong rush
(spurred by economic necessity) to produce next year's
range of computers. It is essential however that the right
type of research (and research worker) be sought and
established in order to develop a progressive computer
industry.
How can the present situation be improved, and the
needs of industry satisfied" Many of the problems that
exist are economic in nature, and their discussion has no
place in this paper. However in the authors' opinion the key
to the long term solution is proper education: the
production of computer scientists who arc complete) rather
than merely competent in a restricted sphere.
2.2 The Educational Needs of the Computer Scientist
Let us begin by attempting to define what is meant by
the term 'computer sciences'. In reality the term is
generally used to describe a collection of subjects
orientated towards the design of large scale information
processing systems incorporating computers; it is in fact an
inter-disciplinary science. The computer scientist then is
primarily concerned with the theory and problems of data
representation, transmission, manipulation, and control.
An educational programme for the computer scientist,
with a unified software/hardware approach, must fulfil the
following aims:
(a) It must provide the student with an appreciation of
the engineering principles of signal transmission, circuit
devices, and components, including hardware systems and
circuits. The objective here is not to produce an electronic
engineer, but to provide the computer scientist with a
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common 'language' to enable him to converse with the
specialist.
(b) It must give the student a thorough understanding
of computer and information processing systems. This
would include such subjects as programming principles,
theory of computation, switching theory and logical design,
control and information theory, information systems
design, and computer technology (including hybrid
systems).
(c) The student must also be provided with a good
background in relevant discrete mathematics, such as set
and group theory, graph theory, combinatorial mathematics, and automata theory. A knowledge of conventional
mathematics, including numerical analysis and statistics
must also be acquired.
(d) The opportunity of studying in depth a variety of
specialised computer topics, such as optinlisation techniques, operating systems, pattern recognition, simulation
and so on, must be made available to the student, possibly
as options in the final year of the course.
(e) The course in general must provide the student with
sufficient specialist and background knowledge so that he
may keep pace with current development in this rapidly
expanding discipline. Moreover, he must be in a position to
apply currently available theory in an intelligent manner to
the practical problems encountered in industry. Only in this
way can progress be made in establishing a new
mathematics or general theory of computer systems
scienee, and in particular to help solve the problems of
software design.
3. COURSE STRUCTURE
3.1 Entry Requirements
We are considering a course with a structure appropriate
to the British University system, which generally provides a
three-year undergraduate course for an honours degree,
following a school course which is norrnallv rather more
specialised than the corresponding courses'in the United
States. The entry requirements for this course can, we
believe, be made very flexible; the only firm requirement
would be a good standard A level pass in Mathematics. This
is particularly noteworthy since it would provide a path for
worthwhile scientific careers while maintaining a broadbased school curriculum.
3.2 Overall Plan
The major consideration that guides the detailed
arrangement of the course is that the hardware and
software sides of the subject must be developed side by side
so as to emphasise their essential unity. There are therefore
three subject areas which will be taught in parallel
throughout the first two years of the course. The final year
enables students to build on this basic framework by a
selection of specialist options. The three basic subject areas
are
(a) Theory of computation, which introduces computing techniques, programming, languages and their
theory, and related topics.
(b) Signals, Devices, and Systems, which deals with
hardware aspects.
(c) Mathematics.
A more detailed description of the topics covered will
be given in the next section, where we will consider the
course year by year.

3.3 First Year
The total time available is taken to be about 12 hours
per week, with 1 or 2 half days per week in the laboratory.
The year consists of about 26 teaching weeks. The lecture
time is assumed to be equally divided among the three
subject areas.

3.3.1 Theory oj Computation
To start off with, the student needs to be introduced to
the underlying principles of computation (both analogue
and digital) in its broadest sense. He should also meet the
idea of hybrid operations and of' the use of analogue and
digital methods generally in data processing.
More specific and more detailed eourses are required
during this year to cover machine code and assembly
language programming and the use of high level languages,
leading to a programming course in a particular high level
language.

3.3.2 Mathematics
There are two main streams that must be developed in
this subject; conventional continuous mathematics, which is
still needed for many aspects of systems design and data
analysis, and discrete mathematics. The available time can
be roughly equally divided between.
(a) Calculus, including complex variable theory and
operational methods, and statistics and probability theory;
(b) Modern mathematics, including set and group
theory, Boolean Algebra, and numerical methods.
3.3.3 Signals. Devices and Systems
This part of the course lays the foundations of the
Engineering Technology and will be split under three
hendings. The subjects covered are related to the existing,
and probably future. technology and are summarised
hclow:
Examples of data
transSignal Transmission:
mission systems (analogue
and digital)
Data representation
Transducers, modulators, and
demodulators
Transmission Lines
Noise and screening
Semiconductor materials
Device Physics:
Magnetic materials
Optical Devices
Electromagnetism (including
electrostatics)
Introduction to systems
Circuits and Systems:
J3lock diagrams
Circuit Theory
Modelling and Equivalent Circuits
Transistor amplifiers Switching devices
Switching device
Microelectronic circuits (logic
and linear)
Introduction to
feedback
theory
Before information can be processed at ail it has to be
coded, in either analogue or digital form, and methods of
coding and transmission must therefore be studied. There is

also a need to understand the physical principles of the
devices used in computers and other information processing
systems, so as to understand physical limitations imposed
on the system by the devices.
Conventional methods of analysing and designing
circuits must obviously be included, but these need to be
ex tended by the study of systems, and the ideas of large
scale analysis need to be implanted early.

3.4 Second Year
The lecture time available in the second year is about
the same as in the first year, bu t the division between the
three subject areas needs to be somewhat different. The
majority of the time needs to be divided more or less
equally between Technology and Theory of Computation
backed with a support course in Mathematics.

3.4.1 Theory of Computation
Having learnt in the first year how to use computers by
making use of various languages, the student is now
introduced to the principles of organisation of the
languages themselves.
Topics covered include:
Structure of high level languages - syntax and
semantics.
Compilers and assemblers - arrays, stacks, and
recursion.

Data structures - lists, rings, and files.
Automata theory.

3.4.2 Mathematics
Statistics and probability theory.

Calculus
Numerical Techniques
Modern algebra, including graph and games theory.

3.4.3 Signals, Devices and Systems
Systems Theory, including Control and sampled data
systems.

Information Theory ancl Data Transmission
Digital and Analogue Techniques
Switching Theory and Logic Design.

3.5 Third Year
A major part of the third year is occupied with a
project, so that the time available for lectures is reduced to
perhaps 8 hours a week. This is divided equally between a
group of compulsory 'core' subjects, and a selection of
optional specialised subjects.

3.5.1 Core Subjects
Systems Engineering, including reliability and manj

machine systems.
Operating Systems; organisation of concurrent and
sequential processes: storage organisation.
Computer Systems Design.

3.5.2 Elective Subjects
The range of topics that could properly be included
under this heading is wide, and it is likely that this part of
the course would change from year to year. Possible
subjects include;
System simulation
Non-numerical programming
Optimisation and Learning Techniques
Management Mathematics
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4. PRACTICAL WORK IN COMPUTER SCIENCE
Practical work is considered a vital part of the computer
science course and is included in all years. The emphasis in
later years is on project type practical work, and in
particular group systems design projects. It is considered
essential that the student gets 'hands-on' computer time, as
well as participating in the design of a system involving
both hardware (logic and circuitry) and software. Wherever
possible, use should be made of educational software aids,
such as logic and digital systems simulators, list processing
languages, mathematical sub-routines, and C.A.D. programs.
In this way the student gains familiarity with, and practice
in, modern techniques of design. Throughout the practical
course equal emphasis should be placed on software and
hardware design, particularly the duality of the two
methods of implementing a logical system, and the
relevance of one to the other.

4.1 First Year Practical Work
Introduction to Computers and Programming
Practical exercises (both numerical and non-numerical)
in FORTRAN programming using a large computer.
Machine code and assembly language programming can be
exercised either by using a small real-time computer, or by
simulating an instructional computer on the large machine.
Signals, Devices and Systems
Basic introduction to instrumentation and measurement
techniques; appreciation of transistor applifiers and simple
digital circuits. Experiments on device characteristics such
as ferrite cores, magnetic thin films, etc.
4_2.Second Year Practical Work
Theory of Computation
Continued practical work using assembly language
programs, including embedded programs in FORTRAN.
The use of list processing languages such as ALP and Snobal
6, and the general structuring of data. Projects in writing
input/output routines, assemblers, loaders, and simple
compilers.
Signals, Devices and Systems
Project work in Control, digital circuits, and logic
design. This would include for example the design of
sequential circuits, and of read/write and drive amplifiers;
transmission line systems; analogue computation; digital
servo and encoding circuits etc.
Introduction to the use of logic simulators and C.A.D.
programs.

4.3 Final Year Practical Work
Use of digital systems simulation, including analogue
systems simulators, and other specialised design programs.
Where possible group projects in overall systems design
should be encouraged, for example, the design of the
interface and software for a magnetic tape unit. Students
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will however be allowed to choose individual specialist
projects according to their final year option.

4.4Equipment and Software Aids for Practical Work
Access to a large digital computer system (i.e.
Computation Centre) is essential for the initial introduction
to programming and subsequent work using high-level
languages, simulation, and design programs; it will also be
required for project_work. Smaller real-time computers
(with standard interface and interrupt facilities) should also
be freely available to the student. Ideally one of these
would function as a satellite computer to the larger system
controlling and on-line graphics terminal. The smaller
computers would be used in project work, allowing
students direct access to interface peripheral equipment etc.
Analogue computers should also be provided, particularly
in combination with a small digital computer to form a
hybrid configuration.
As well as the main computing equipment, logic tutor
boards, comprising sockets and patchboards for dual-in-line
I.C. packages, should also be provided. These would be used
in all logic design and sub-system experimental work,
(Steele and Balazs (1966)).
Peripheral equipmen t such as paper tape readers and
punches, card readers and punches, magnetic tape and drum
unit, etc. should be available for group system project work
in conjunction with the small computers.
A supply of pulse generators, fast (multiple beam) and
general purpose oscilloscopes, and nsual test equipment is
also an obvious necessity.
Workshop and printed circuit board facilities should also be
made available for full scale systems work.
Software aids form an essential part of the 'equipment'
required for this course. For example, a software simulation
of a simple single-address computer (comprising a small set
of basic machine-code instructions) is an invaluable aid in
teaching machine-code and assembly language programming, (Mickle (1969)).
As well as the obvious need for a time-shared
multi-access programming system, using FORTRAN and
mathematical routine library, special purpose software must
also be provided. In particular a digital systems simulator of
the type proposed by Gray and Harris (1969), which allows
digital systems design to take place at a conceptual level,
allowing both hardware and software solutions to be
generated. Alternatively, an APL compiler (utilising the
Iverson notation) can also be used at this conceptual level
to specify logical algorithms. Detailed logical design of
hardware can be performed using logic simulators and/or
register transfer language compilers (Schon (1964) and
Duley and Dietmeyer (1968»). The use of other problemorientated high-level language programs, such as list processors (ALP and Snobal 6), analogue system simulators,
computer-aided circuit and logic design (ECAP etc.) should
be actively promoted.

5. CONCLUSIONS
We cannot emphasise too much our conviction that the
vital need of the computer industry (in the widest
interpretation of the word) is to be supplied with
information engineers who can weave into a single subject
the two threads that are at present kept separated by an
artificial inter-disciplinary barrier.
The course as outlined in this paper represents the
present feelings of the authors of the way in which the
industrial requirements could best be met. The detailed
syllabus, as with any new course, would undoubtedly be
subject to many adjustments in the light of experience. In
addition, the fact that this is still a young and developing
discipline implies that the syllabus would need to be kept
under constant review, especially with regard to the final
year options.
This course does not, unfortunately, exist at present,
but it is hoped thatit can be established at Southampton
University in the near future. The principle barrier, as is so
often the case, is not academic but financial.
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IN T E R M E D I ATE

PRO G RAM MIN G:
AND

CAS E

HIS TOR Y

GUIDELINES
W. D. Maurer

In 1965, the General Catalogue of the University of
California at Berkeley listed exactly three courses devoted
to the programming* of a computer. One was a freshman
course on FORTRAN given in my department; another, a
freshman course on ALGOL given in Mathematics; and,
finally, there was a graduate course on programming
systems, mainly compiler writing. By contrast, the 1969
General Catalogue lists 15 such courses two for freshman
and sophomores, eight for juniors and seniors, and five for
graduate students -- given in three departments of the
University. There is no more graphic way to illustrate the
explosive growth of computer education in this and other
American universities than by quoting figures such as these.
This paper is a case history of one of these courses, one
which, to the author, is most important -- Intermediate
Programming. By intermediate, we mean that the course
lies between an elementary introduction to programming
the computer and a course on assembler or compiler writing
or operating systems principles. At the University of
California at Berkeley this course is given in the Department of Electrical Engineering and Computer Sciences as
EECS 153; it has been copied in the Department of
Computer Science (a separate department) as CS 103, and
has also been widely copied by other American universities.
In the course of the paper, certain guidelines will be given
for a course of this type, which have been proven at
Berkeley through experience.
Before the concept of Intermediate Programming courses existed at Berkeley it was common to take students
from an elementary course on programming and set them
immediately to writing assemblers. This is like teaching a
young man the principles of physics and the strength of
materials and then immediately assigning him the design of
a large and complex machine for a factory. It is clear that
before he can do this he must learn a certain body of
technique. This technique is dependent on the fundamental
laws of physics, but as an educational discipline it is quite
separate. Similarly, to learn how to write an assembler or a
compiler one must be well versed in programming techniques. Arrays, lists, searching, sorting, file processing, sub»

routines, macros, relocation, recursion, interpreters, algebraic expression analysis, character strings and pattern
matching, and input-output buffering and formatting are
examples of such programming techniques. It has been
found at Berkeley to be possible --but barely possible -- to
teach all of these techniques, in elementary fashion, in ten
weeks. In the academic year 1969-1970, a new and more
relaxed program has been started which wiII alow freshmen
and sophomores to complete the material in twenty weeks.
One misconception which it has taken us a long time to
clear up is the idea that, since the students are taking
(generally) three other courses in addition to programming,

that it will be sufficient, for the foreseeable future, to give
students access to a batch processing computer only. After
all, runs the argument, the student always has his other
subjects to study while he is waiting for his output to
arrive. Unfortunately, it doesn't work out that way. The
student who puts his program in and picks up his
anthropology textbook until the output comes back generally finds that it is that much harder to find his mistake;
the train of thought has been lost. A terminal has recently
been installed in the electrical engineering building to allow
students to use remote job entry (not time sharing). Before
the terminal was installed it was quite common for some
students, particularly the poorer ones, to spend twenty
hours and more per week on the programming class alone.
With the terminal installed, almost no complaints of this
nature have been received.
It is quite an exhilarating experience for a faculty
member whose specialty is automata theory, circuit design,
linear systems, or the like to prepare himself to teach
intermediate programming. Alas, it still has the reputation
of being a frightening experience, and all too few have tried
it. Happily, however, we have not yet had the opposite
experience of someone trying to teach intermediate programming without preparing himself properly. The required
preparation is very simple: Design, code, and check out a
large program (at least one standard box of 2000 cards of
instructions). That is all. Reading the book is not enough;
neither is any research done in automata theory, circuit
design, or linear systems.
Computer programming should be learned by as many
students as possible. Therefore, it is imperative to do away
with irrelevant prerequisites. It should not be necessary for
a student to know any calculus, statistics, economics, or
physics to understand a programming course. This in
particular means that it is not appropriate to discuss
electronic circuitry, logic design and computer organization, or numerical analysis. When assigning problems to the
students to be run on the computer, these problems should
not involve statistical or business applications and should
not require any knowledge of physics. EECS 153 also does
not include any automata theory, since this is held not to
be essential in order to understand programming, although
it is a large and elegant discipline in its own right.
. It is instructive to compare EECS 153 with the
recommendations of ATCHISON et al. (1968) in their
famous 'Curriculum 68' report. This report recommends
that four courses, rather than one, be placed between
'introduction to computing' and 'compiler construction.'
Two of these courses, taken together, are roughly equivalent to EECS 153. These are course B2 (Computers and
Programming) and course II (Data Structures). The other
two courses are B3 (Introduction to Discrete Structures)
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and 12 (Programming Languages). For most small schools,
and for some larger schools as well, this is too extravagant
at this point in time, especially if a service course must be
given as well. We have found that EECS 153 serves as an
adequate introduction to compiler writing for those who go
on to this course, as well as providing an excellent second
course for service purposes.
At Berkeley we do require knowledge of FORTRAN or
ALGOL before going into intermediate programming. This
requirement is largely historical, however, and a good case
can be made for teaching assembly language first, and only
then going on to an algebraic language. We teach algebraic
languages first because many students take only one course
in programming. For such a student, this course ought to be
one in an algebraic language.
The assembler manual and the manual on the principles
of operation of the computer which the students use for
testing their programs should, obviously, be in the hands of
every student. We have found, however, that there is some
difficulty in using these as texts for the course on
intermediate programming. Almost every computer manual
that we have tried to use requires a prerequisite knowledge
of logical design of computers as well as programming.
Temporarily, we have solved this problem by bringing out a
set of dittoed notes on the programming aspects of our
computer.

In addition to the computer manuals, it is very helpful
to use as a textbook a good general-purpose book on
programming.** In EECS 153 we deem it very important
to learn, not only about the specifics of one particular
computer, but about concepts which exist on 1110st corn-

puters in one form or another. Students in EECS 153 are
thus prepared to program a large number of different
computers. The fundamental concepts of machine language
which we cover in the first sever lectures of EECS 153 are
as follows:
1. The concept of an elementary operation (such as
ADD X) as the fundamental unit of machine language,
rather than the algebraic formula.
2. The use of temporary symbols in translating formulas such as Z ~ A*D + B*C into elementary operations
on computers with one arithmetic register.

3. The concepts of registers and memory, cells or
locations, addresses, symbolic addresses, and the words
'loading' and 'storing'; single, double, and triple address
computers.

4. Binary versus decimal computers, the word 'bit,' and
signed magnitude, one's complement, and two's cornplement representations of signed integers.
5. Floating point representations, exponents, biasing,
binary fractions, the binary point, normalization, rounding,
and comparisons of floating point with fixed point.
6. Precision, including 'double precision' (FORTRAN,
IBM 360 'long' numbers, UNIYAC 1108, etc.), multiple
precision, and the use of a second arithmetic register; the
multi-word result of floating point arithmetic and fixed
point multiplication.
7. The logical AND, OR, and exclusive OR operations
of a computer, their uses in manipulating fields of a word,
and their connection with truth tables,
8. Shifting: left and right, single and double, circular
and logical; the connection between shifting and multiplying or dividing by powers of 2; arithmetic and signextending shifts.
9. Characters as data, number of bits per character
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versus number of possible characters, standard codes,
manipulation of characters by shirring and masking or by
special instructions.
10. Instructions as stored in memory, the operation
code field, register fields and address fields, and various
alternatives to 'one instruction per word.'
11. The notion of an assembler; assemblers and compilers defined in terms of their input and their output and a
few hints as to their processing algorithms; object decks.
(Note: prior to this course our students have probably
never seen an object deck, because our FORTRAN compiler is so fast that nobody bothers to punch one out
except for large production programs.)
12. Control cards, with a few hints as to the existence
of job control languages; the notion of a pseudo-operation
and the speciai pseudo-operations 'origin' and 'end'; assembly language comment cards.
13. Pseudo-operations to reserve one or more locations
in memory and to place constant data in certain locations;
expressions in the variable field (i.e., address arithmetic).
14. The location counter or program address register;
transfer instructions, problems with these if there is more
than one instruction per word; the pseudo-operation EQU.
15. Operations on instructions as data, including
address modification, and the pitfalls of mixing data and
instructions indiscriminately in assembly language.
16. Subscripted variables, index registers, index register
fields and their values, effective addresses, and reference to
and index registerin an arbitrary executable instruction.
17. Addressing: direct, indirect, immediate; interactions with indexing; depth of indirect addressing; relative,
paged, and base-displacement addressing.
18. Subroutines, return addresses, instructions which
put the return address in memory or in a register;
mathematical subroutines; interaction between algebraic
and assembly language.
19. Processing of one-dimensional arrays, array lower
bounds of 0 and 1, more general offsetting.
20. Loops in algebraic language with and without
iteration statements: the three essential steps (increment or
decrement, compare, transfer) of a loop termination;
initialization.
21. Conditional transfer instructions, skip instructions,
condition code registers; a survey of various test conditions.
Many computer courses and computer texts begin wit a
statement that we do not have to be afraid of computers
because all they do is to perform a sequence of specified
operations very fast. This is like saying that we do not have
to be afraid of chemistry because there are only 92
elements (or 103, say), and that chemistry consists just in
finding out what the various combinations are. In each case
the statement made is true in one sense, but a distortion in
a more important sense. It is becoming clear that the
vastness and beauty of computer science compares favorably with the vastness and beauty of any other science.
Some indication of this provides excellent motivation for
the beginning and intermediate student. He should not be
put off by the statement that he will be learning only how
to program the computer for certain applications and not
for others, any more than the student of elementary matrix
theory should be put off by his ignorance of Lie groups or
Banach algebras.
The amount of time and preparation spent by students
with their computer programs should be fully as great as
the amount of time which they would spend in a physics or

chemistry laboratory. Nevertheless, every so often a new
instructor at Berkeley makes the mistake of giving the
student too much work to do. The instructor who has spent
his most recent years in industry must remember that this
students have other classes, too, and cannot expect to
spend all of their time and thought on computer programs.
Complaints of over 20 hours per week spent on one class
cannot be ignored, and occasionally we have come close to
having a student's nervous breakdown on our hands. On the
other hand, it is also unwise never to hire programming
instructors from industry, as has also been proposed; the
fresh viewpoints brought in by such people are well worth
the occasional misunderstandings.
The specific techniques to be discussed in an intermediate programming class are up to the instructor, as long
as the course sticks to the subject of techniques. We have,
however, developed certain guidelines.
Efficiency is one of the most important concepts in the
entire course. This does not means that every program must
always be as efficient as possible. In fact, we cover three
kinds of efficiency: memory space, processing time, and
programming time. If the programming time mounts, the
total efficiency is decreased; this is very important for
students to learn.
Analysis of a general problem in computing is very
important. When we study searching techniques, for
example, we do not skip to what is (very often) the 'best'
searching technique (i.e., hash table or scatter storage
searching) and concentrate on that. Instead, we start at the
beginning using search algorithms that are very easy to
program (i.e., linear search) and go on from there through
many different methods. The student should grasp the idea
that searching is a field of its own which cannot be 'cooked'
by one powerful theorem. (The very good student, by the
way, might come out of this section with the idea of
writing a meta-program which takes as input a searching
situation and tries to figure out what the ideal method
would be for this situation.) What we have said about
searching applies to sorting as well.
Overspecification of computer homework is a common
mistake among conscientious instructors. Typically the
instructor writes up an assignment in such a way that he
leaves no doubt in the student's mind whatsoever about
exactly what is required of him; but in doing so the
instructor effectively does all the design work himself,
leaving only the coding to the student. It is much better to
risk a certain amount of misunderstanding of the assignment. If the student does misunderstand, the instructor or
the laboratory assistantv" can always ask him to do the
problem over again. This causes much less difficulty than
might be at first supposed; and the student benefits from
having worked with more than one approach to the same
problem.
Other langnages than algebraic and assembly languages
may be used but should be used sparingly. SNOBOL has
been successfully used several times; LISP has never been,
because it is too difficult at this level. The students must,
however, learn something about lists and list processing, so
we show them how to do it in an algebraic language or in
assembly language. It is planned to use BCPL (Bootstrap
Cambridge Programming Language) or some other systems
programming language with similar features.
Of particular importance is the need to think of
computer programming as something apart from mathematics, particularly in regard to the metaphysical notion of

elegance. Programming elegance and mathematical elegance
both exist, but they are often mutually contradictory. An
elegant program does a lot of good things fast; an elegant
mathematical treatment does a lot of good things using the
smallest number of symbols, which is not at all the same
thing. Computer programming, in fact, is often very
inelegant mathematically, and attempts to apply mathe-:
matical criteria to what is essen tially a technique-oriented
subject will generally fail just as spectacularly as did Diesel's
attempt to build a 'rational engine' .. with near 100%
efficiency -. using the principles of physics.
In many ways, of course, computer programming is still
an immature subject. Programming terminology is a hodgepodge; different computer makers invent their own names
for what is essentially the same concept. In EECS 153 we
try to use the names which are in commonest usage, and if
there. are none such, we mention all the names. A few
examples of such synonyms are:
Instructions, commands, and orders.
Machine language and assembly language (although IBM
distinguishes these concepts, most computer manufacturers
do not).
Memory and storage.
Cells and locations.
The exponent or characteristic of a floating point
number.

The fractional part or mantissa or coefficient of a
floating point number.
Logical or Boolean variables, constants. etc.
Rotation or circular shifting.
Operation codes or instruction codes or function codes.
Transfer or jump or branch instructions.
The location counter or the instruction counter or the
program counter or the program address register or the
sequence register.
Node or item or table or packet (to refer to a 'bunch' of
data connected by pointers to other such 'bunches').
In addition to this, some words (list, symbol, machine
language, direct access storage, multiprocessing, microprogramming) have two or more mutually contradictory
meanings in current use; while in other cases there are
perfectly good and important concepts which have no name
whatsoever, and for which names have had to be invented.
Among these are:
Register linkage .- to denote a computer instruction to
call a subroutine which leaves the return address in a
register, rather than in core (memory linkage).
Array of available space -- the situation in list processing
where there is no list of available space, no garbage
collection, and no deletion, and the next available cell for
insertion of a new node on a list is obtained simply by
adding I to the variable indicating the last available cell.
last available cell.
Simple list '- a list which has no sublists (after 'simple
group').
It is to be emphasized that we do not believe in
imposing order on this chaos 'from above,' such as was
attempted in the IFIP/ICC Vocabulary. Notation such as
this will not be standardized until all manufacturers of
computers agree jointly to use a standard notation.
Although we do not assign in EECS 153 an assembler or
even part of an assembler to be written, we do give a very
short introduction to the concepts of algebraic expression
analysis and code generation. The same is true of the
concepts of time-sharing, which the student will encounter
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in a later course. In general, we reserve new and untried
concepts to graduate courses, and keep them out of
intermediate programming until a large amount of experience has been gained in their use by the computing
community in general. Thus, for example, we did not even
begin to talk about multiprogramming and time-sharing in
intermediate programming until the fall of 1969.
Computer courses, more than any other courses within
the author's knowledge, must be subjected to continuous
review. At Berkeley we review the material of EECS 153
each year. At least two or three new things are always
added and two or three dropped. In addition to this, we
review, as often as possible, with the authorities of the
University, the level at which programming courses are
taught. We believe that students who want to learn about
computers should be given the opportunity to do so as
early as possible in their schooling. In particular, we
disagree with those who maintain that the computer
scientist should first get a mathematical education and then
apply it to computers. A facility in mathematics, especially
in the techniques of proving theorems, is of great importance to the computer scientists in order to sharpen his
thinking processes; but the student who neglects pro'
gramming in favor of mathematics in this undergraduate
years will tend to think of computer science, when he
finally docs study it, as a subset of mathematics, which it is
not.
In general, we have been successful at Berkeley in
continuing to lower the age at which most students take
programming courses. Within the last year, for example,
intermediate programming has become available to freshman. In 1965, of course, no programming course above
elementary programming was available to anyone at
Berkeley other than graduate students.
I shall close with a statement on a related and very
important subject, namely, what I feel to be the obligation
of the instructors in programming toward the remainder of
the University community. Even at Berkeley, established
professors often find it difficult to learn to use the
computer in their research. The programming instructor,
however, should always be available if such a person wishes
to learn. One important and highly successful way in which
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the programming instructor can help is by directing his best
students, as soon as they have finished intermediate
programming, toward other faculty members who need
student programming help. At Berkeley we have
encouraged this as follows. A special course number is set
up for students who wish to do undergraduate research.
This research may then consist of helping a faculty member
with a program or writing a program in aid of faculty
research in engineering or elsewhere, thus eliminating the
fmancial problem for the faculty member involved. Most
good students value such experience even if it is unpaid,
because it allows them to be involved in actual research
even before receipt of the bachelor's degree. The undergraduate research program in computer programming has
proved to be one of the most successful innovations at
Berkeley in recent years.
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*'

Here and in what

follows

1 usc the

American spelling,

'programming,' following ATCHISON et at. (1968). Thc standard spelling, 'programming,' has not been generally used in
America.
.
The author of this paper has written a general-purpose book,
'Programming - An Introduction to Computer Languages and
Techniques.' It is published by Holden-Day, Inc., San Francisco.

*** We have no budget for laboratory assistants. We do. however,
have a budget for teaching assistants. We therefore hire graduate
students, call them teaching assistants. and use them as
laboratory assistants.
.

INFORMATION
APPROACH

FOR A

SYSTEMS:
CURRICULUM
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J. INTRODUCTION
As part of business economics, accountancy, mathematics, and technical education at some universities in The
Netherlands, the curriculum includes some areas of
computer science such as hardware, programming, and
systems theory, teaching of procedures and techniques in
the field of systems analysis and systems design, software,
etc ..
In our opinion, there has been a great lack of common
effort in this respect. Furthermore, the approach was based
on an incorrect assumption in the sense that problems
associated with information systems were considered
inherent in the development and application of computers
as a tool for electronic information processing. The current
procedure is intended to accomplish a complete and
separate training in the field of information systems as
adopted by the Faculty of Business Economics at one of
our universities.
2. INFORMATION SYSTEMS; THEIR IMPORTANCE

2.1 In many recent publications, attention has been paid to
the growing need for experts to assist in the design and
implementation as well as operation of information
processing systems. In this respect, an
'information
processing system' is usually understood as being the
manner in which information on a problem is defined and
formatted in order to allow for the application of
computers for processing this information. The concept of
a 'system', therefore, is often 'automatically' related to the
fact that computers (as well as peripherals) are being used.
Linking the concept of 'system' to 'computer usage',
however, is too narrow a view; within an organizational
framework, an important part is played by data processing,
even if it involves information (flows) which have not yet
been automated, or which cannot eventually be automated.
In fact, the concept of 'an information processing system'
has a meaning related to the concept of 'organizational
structure'; in this respect, computer usage is one of a
number of factors of importance. From this line of
thought, the study of characteristics of information systems
should, therefore, be situated within the framework of
business economics and business theory.
2.2 This paper discusses the areas of knowledge associated
with control, design and modification of information
systems within an organizational framework. The
curriculum is primarily intended for personnel in charge
of:
control of information systems
design of new information systems
modification of existing information systems.

2.3 The study on information system behaviour and the
way such systems may be optimized may be supported
through knowledge of computers and their application.
Such knowledge may, on the one hand, offer various
tools and concepts which may be made to serve the
purpose of controlling, designing, and modifying
information systems in general. On the other hand, the
computer is already playing an important part within
the framework of the information system operation,
and this will become more important still. Therefore,
computers will be an important tool for use by those in
charge of controlling, designing, and modifying information systems. Nevertheless, computer know-how
takes second place in the Information systems curriculum.

3. SOME BASIC ASSUMPTIONS
3.1 The above enumeration was based on the assumption
that, with respect to some parts, adequate provisions
had already been made in the Bachelor's degree
curriculum. The curriculum in question is the basis for a
graduate training programme, based on a general
Bachelor's degree substructure.
The sequence of the various parts does not necessarily
indicate the order in which they are taught. With the
realization of a graduate training programme, the areas
of knowledge will, for practical reasons (available
teachers, etc.) probably be included in another
arrangement with existing and/or new subjects.
3.2 The areas of knowledge have been described in a general
way; the (sub)areas will be elaborated upon a later
stage. Due to the fact that this structure is mainly to be
regarded as an orientation, for the time being, only two
levels of knowledge are indicated.
By A level is understood: taking cognizance, and having
knowledge of concepts and being able to work with
them. By B level: capability of applying; skill in usage.

3.3 The time span indicated per subject category should be
regarded as an overall indication. In this respect, a
considerable portion of knowledge is expected to be
acquired through self-tuition, working lectures, etc.
4. CURRICULUM PLAN
4.1 Information systems theory (200 hours)
4.1.1 Theoretical concepts
general system theories
- organization theories

A
A
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information theory (meaning of information)
B
definitions of data, data processing, information
systems
B
identification and coding
B
meaning of models in IS
B
subsystems, subsystem integration
B
4.1.2 IS within an organization
organization theory
B
process control
A
industrial dynamics & solutions
A
B
influence of terms within organization
IS characteristics within a company
B
application areas
B
man and IS
B
programmability of procedures, activities
B
man-machine interaction
B
N.B. 4.2 and 4.3 should be taught at A level prior to 4.1.2
4.1.3 IS control
IS organization (responsibilities)
business economic evaluation of IS (old and new)
techniques of analysis for that purpose
control techniques for IS processing
business security, protection (identification, coding}'
approach of IS renewal
initial expenses for design and implementation
computer applicability
efficiency and organization of a computing centre
hardware replacement
N.B. 4.2.2. should be taught prior to 4.1.3.

B
B
B
B
A
B
B
B
B
B

4.1.4 [S design as a continuous activity
IS design technique (structure design)
B
external integration
B
computer system design technique (logic design)
B
procedures
B
file organization (identification, coding)
B
B
data flow, queueing (throughput)
data base, batch processing, timesharing, etc.
A
hardware selection (e.g. computer)
B
simulation techniques for evaluating new design
B
standardization of subsystems, programs, languages,
files, packages, etc.
B
4.1.5 IS realization & implementation
project organization
B
planning and follow-up control (technical & business·
economic)
B
documentation
B
organization testing (test running)
A
conversion (organizational, technical, socially)
B
training and information procedures
A
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4.2 Computer knowledge (150 hours)
4.2.1. Basic computer knowledge
principles of computers
principles of programming
high-level language programming (practical)
4.2.2 Computer usage
(large) computer configuration
multi-programming
programming languages
operating systems
store characteristics
storage organization
terminals
data transmission
input techniques and problems.

A
A
B

A
A
A

A
B
B

B
B
B

4.2.3 New techniques and evaluation for application with
computers
Some subjects should be discussed as capita selecta in
order to point out the rapidly progressing technological
development in the field of computers and their
application (as a result of which specific subjects are
quickly becoming obsolete, while others should be
given timely attention).
The purpose of this is also to draw students' attention
to the necessity of keeping themselves regularly
informed of new developments.
Subjects now included in this category, are:
data management
information retrieval
conversational programming

A
A

.A

4.3 Operational models (100 hours)
For the study of information systems, knowledge as to
the use and structure of decision models will become
increasingly important. This fact should be expressed in
time schedules;
probability calculation and mathematical statistics
B
queueing theory, replacement models
A
B
forecasting models
article flow models
B
cash flow models
B
decision tree models
B
linear programming
B
other mathematical programming (including dynamic
programming)
A
simulation

A

A

COURSE

FOR

FIRST

IN

COMPUTER

YEAR

APPLICATIONS

UNIVERSITY

STUDENTS

R. E. Odeh and F. D. K. Roberts.

I.

INTRODUCTION

In this paper we discuss the contents and implementation of a term course in computer applications for first year
university students. The course is currently taken by about
200 students at the University of Victoria, B.C. as part of
its curriculum in computer science. The course is given in
the second term of each academic year.
The mathematical level of the course assumes that
students have an elementary knowledge of calculus. The
course is preceded by a basic course in FORTRAN
programming which is given in the first term.
The purpose of the course is to acquaint the student
with both numerical and non-numerical applications of
computers. In the laboratory the student acquires programming experience by solving problems using the computer.
The course also serves as an introduction to topics which
are more fully covered in second, third and fourth year
courses.
Most of the curriculum in computer science at the
University of Victoria was developed along the guidelines
given in Curriculum 68 (1968). This particular course in
computer applications is not specifically given in Curriculum 68. The course has developed over a number of years
and appears to be a highly satisfactory way of introducing
students to computer science. For students continuing in
computer science, the course is followed by a second year
course concerned with machine structure and assembly
programming techniques. It is also prerequisite to all
further courses in computer science. Some of the topics
covered in the course are also suggested in the book by Hull
and Day (1969).
In section 2 we discuss the implementation of the
course. Section 3 gives a detailed description of the
contents and Section 4 contains some concluding remarks.
2. IMPLEMENTATION OF LECTURES AND LABORATORIES
The course is given in two hours of lectures per week
plus a laboratory session. Programs are written in an
expanded version of FORTRAN acceptable to the WATFIV
compiler. The WATFIV compiler was developed at the
University of Waterloo, Ontario. It is a very fast in-core
interpretive compiler which can be run in a multiprogramming mode. It has several features which make it
extremely useful. In particular, it has very complete
diagnostic messages. Since it is interpretive it identifies the
FORTRAN statement being executed if the program fails
to run. It also accepts unformated READ and WRITE
statements. Another important feature is that tapes and
discs operations can be simulated. This feature is used

extensively in the section of the course concerned with data
processing.
Student jobs are submitted through a remote high speed
terminal located in the laboratory. The terminal is an IBM
2501 BI card reader (600 cpm) and a 1403 II printer (600
Ipm). The terminal is connected by a channel extender to
an IBM 44/360. The Model 44 is run in multiprogramming
mode and terminal is given highest priority.
The laboratory is staffed by two full time programming
instructors who assign problems to the students and assist
in debugging programs. Students are allowed unlimited
access to the terminal which is available to them for 6 hours
a day during the week.
3. COURSE CONTENT.

3.1 Numerical Analysis - Part I: Roots of Equations.
The first part of the course is concerned with numerical
applications of computers. Three areas of numerical analysis are discussed, namely roots of equations, integration,
and linear programming. In the section on roots of
equations, both polynomial and transcendental equations in
a single variable are discussed. The general principle of
iterative root finding procedures is first introduced and
some discussion on convergence is included. Three algorithms are used to demonstrate iterative root finding
techniques. The method of bisection is the first method
considered.
In discussing
programming techniques
throughout the course, rather than writing FORTRAN
programs, extensive use of flowcharts is made. Thus
flowcharts for all three algorithms are given. The method of
successive approximations is the second algorithm considered. Various examples of the use of this method are given

and it is shown that convergence is not guaranteed.
Sufficient conditions for convergence are given. Since these
conditions require a knowledge of differentiation, as does
the third technique introduced - namely the NewtonRaphson method, a brief resume of differentiation of
standard functions is included at this point. A graphical
representation of the Newton- Raphson method is used to
explain the iterative formula and various examples are
presented to demonstrate the quadratic convergence of the
method. Finally a brief comparison of the three methods is
made. As a laboratory exercise the student is asked to solve
various equations on the computer using all three techniques.
3.2 Numerical Analysis - Part II: Integration.
Since some of the students may not be familiar with the
mathematical concept of integration. the relationship
between the definite integral and the area under a curve is
first explained. Again a brief resume of formulae for the
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integration of standard functions is included, and examples
of functions which cannot be integrated analytically are
given. The trapezoidal rule is the first technique discussed
for obtaining numerical approximations to definite integrals.
At this point some discussion of round-off problems is
included by demonstrating that the numerical approximation obtained using the trapezoidal rule does not improve as
the number of intervals is increased without bound. It is
shown how Simpson's rule can be used to improve the
trapezoidal approximation by fitting a quadratic to three
points. The third technique described is Monte Carlo. The
concept of a random number is introduced and the students
are given tables of random digits. The technique for
generating pseudo-random numbers within a computer is
explained using the congruential generator.

Some discussion of statistical tests that can be applied to
pseudo-random number sequences is also included and the
IBM 360 scientific subroutine RANDU is described. As a
laboratory exercise the student is asked to evaluate various
integrals' using all three methods and to compare the
efficiency of the methods.

3.3 Numerical Analysis - Part III: Linear Programming.
Linear Programming is perhaps the most difficult part
of the course and for this reason considerable time is spent
on this section. The subject is introduced through a simple
activity analysis involving two variables. A graphical solution is used to demonstrate convexity of the set of feasible
solutions and also to explain the concept of an extreme
point. The general linear programming problem is then
defined as minimizing a linear objective function subject to
linear inequality constraints. The mechanics of the simplex
algorithm are then explained without a formal mathematical proof of the convergence. Several examples are solved
using the simplex method and then a detailed flowchart of
the algorithm is presented. As a laboratory exercise the
student is asked to write a FORTRAN program for the
simplex method. This program is then applied to two linear
programming problems. The first is an activity analysis
involving the processing of two types of ball bearing
through three different machines. A second application is
taken from curve fitting. The problem of fitting a linear
approximating function to discrete data in the Tchebycheff
norm can be formulated as a linear programming problem,
and using this formulation the student is asked to fit a
straight line to eight data points using the simplex
algorithm.
3.4' Simulation - Part I: Deterministic Models.
Simulation is discussed in two parts. Part I is concerned
with simulation of deterministic processes and Part II is
concerned with probabilistic processes. A brief outline of
the general concept of simulation is first presented,
followed by a discussion of the two types of mathematical
model which can be used to describe physical processes the deterministic model and the probabilistic model.
Examples of physical processes and the mathematical
model describing them are given. The first example of a
simulation of a deterministic model is concerned with the
motion of a missile attacking an aircraft.
The missile contains a homing device and thus always aims
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directly at the aircraft. By considering the motion of the
missile and aircraft in small time intervals, it is shown how a
computer can simulate this process. Essentially the mathematical model, which in this case is a differential equation,
is being solved by Euler's method. A discussion of the
accuracy of the simulation and also the choice of time
interval is included.
As a second example the motion of a rocket is
discussed. The mathematical model in this case is Newton's
Law of Motion. As the rocket bums fuel its mass decreases
and thus the model becomes fairly complicated. It is shown
how by again choosing a small time interval, the acceleration, velocity, and distance components of the rocket can
be computed for each time step, and thus the motion of the
rocket can be simulated within a computer. An explanation
of the purpose and reasons for simulation is included. As a
laboratory exercise the student is asked to simulate the
motion of 4 snails situated at the comers of a square. Each
snail chases the next snail in a counter clockwise direction.
The student is asked to run the simulation with varying
time step sizes, and is also invited to solve the problem
analytically.
3.5 Simulation - Part 11: Probabilistic Models.
Processes which can only be described by a probabilistic
model are discussed and it is shown how the randomness of
the process can be simulated using random numbers. The
concept of a random number and also the use of random
number tables and a computer subroutine for generating
random numbers is discussed in the numerical applications,
where Monte Carlo techniques for integration are investigated. The first probabilistic simulation introduced is that
of a gas station with 2 pumps. Cars arrive at random and
service is assumed to take a constant time, It is shown how
by taking small time intervals, the random pattern of
arrivals can be simulated. A simple example is worked out
using a table of random numbers. The second example is a
simplification of the classical simulation of the motion of
neutrons through the wall of an atomic reactor. As a
laboratory exercise the student is asked to simulate the
motion of 500 neutrons and to determine the fraction of
neutrons which penetrate the wall. Two further examples,
both concerned with queueing situations are outlined in
some detail. The first is a simulation of a student high speed
terminal where the pattern of arrivals is random and the
service time depends on whether the student job fails or
not. The second example is a simulation of an airport with
only one runway. Arrivals are of 2 types: - landing and
take off. Thus we have one service facility and two queues.
The queuing discipline considered is that landing aircraft
have priority over take off aircraft. Both these latter
simulations are assigned as laboratory exercises. As a final
example a model of the weather is used to show how
simulation can be used to estimate the steady state
probabilities of a transition matrix.

3.6 Data Processing
Data Processing is introduced as the major application
of computers in industry and commerce. Examples of data
processing applications are discussed and seven basic data
processing operations are analyzed. These are originating,
classifying, sorting, calculating, storing, retrieving and communicating. The physical characteristics of the four main
storage media: card, core, magnetic tape and disk are
discussed.

In the first course on FORTRAN programming the
instructions for the operation of magnetic tapes are omitted
and hence these are included at this point. Using the
WATFIV compiler the magnetic tapes are simulated using a
disk pack. This poses slight problems in that in the
laboratory exercises a master file has to be read in from
cards and placed on the simulated tape before being used.
Three applications are considered. The first is a typical
payroll problem involving a master file stored on tape and a
weekly transaction file stored on cards. The basic techniques of matching records, performing calculations and
updating the master file are presented using this example.
As a laboratory exercise the student is asked to write a
complete payroll program. Another example discussed is an
application of data processing to inventory control. The last
example considered in detail is an application of data
processing to student registration. Several other applications are also included in less detail and the last part of this
section is concerned with systems analysis.

3.7 Sorting
The intention of this section of the course is to consider
one of the important data processing operations in detail namely sorting. The three types of sorting discussed are
card sorting, internal core sorting, and tape sorting. In card
sorting the operation of the IBM 083 card sorter is
explained for both numeric and alphabetic sorting. The
methods of internal sorting discussed are: .- selection,
exchange, insertion, radix and merging. Flowcharts for all
of these sorting techniques and a comparison of their
relative advantages and disadvantages is included. Tape
merging is also discussed. As a laboratory exercise the
students write subroutines for each of these methods and
compare the efficiency of the methods by sorting sequences
of random integers into ascending order.
3.8 Data Structures
Methods of organizing data into files are discussed.
Each method of file organization is examined when
requests for information arc one of the following form:
(a) sequential; each piece of data must be examined.
(b) random: only one piece of data must be examined
and possibly its value changed.

(c) random: addition or deletion of a piece of data.
(d) mixed: collection of all pieces of data in the file
with certain characteristics.
Examples are given of practical situations where requests
are of the types (a) - (d). As an exercise the student is
asked to supply further examples.
The data structures which are studied include sequential
linear lists, linked linear lists and trees. For each type of
request (a) - (d) different search techniques are investigated. In particular properties of sequential searches, binary
searches, and probabilistic searches are examined. In the
laboratory, the student is asked to write a program to
perform a binary search, and to write a program to search a
file for all information of the same type.
4. CONCLUDING REMARKS.
Computer science is a dynamic subject and it is
inevitable that the content of a course such as this will
change radically over a period of a few years. Some topics
discussed here --e already being taught in high school and it
is expected tk, the entire course will eventually be taught
to high school students.
Student reaction to this course has been very favorable
and the course has generated much interest in computer
science. It appears that a course on computer programming
followed by a course on applications is a highly satisfactory
way of introducing students to computing.
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COMPUTER
A

SCIENCE
JUNIOR

EDUCATION

AT

COLLEGE

John D. Owens

In' the hierarchy of education in the United States, the
junior college has too frequently been cast in the role of a
step-child, a poor cinderella who must subsist on mediocre
fare while her more fortunate step-sisters, the senior
colleges, are nourished by superior academic offerings.
Partially due to the origins of the two-year college and
partially to contemporary attitudes towards the whole
scheme of higher education, the junior college is popularly
regarded as a glorified trade school. This, unhappily, is true
in regard to computer science programs offered at many
two year colleges.
The "trade-school syndrome", if I may refer to it as
such, developed out of the need to keep youth off the
streets until such time as they couid be employed and also
to provide them with training of marketable value and thus
avoid a surplus of unskilled and untrained labor. In itself,
obviously, such aims are not reprehensible. Industry,
business, science, etc., is greatly and often desperately in
need of trained personnel as much, if not more, in the field
of computer science as any other.
But let us examine the way in which many junior
colleges prepare students to fill this need. With too few
exceptions, the junior college computer science curriculum
is replete with such courses as Auto Coder [ and II, R.P.G. I
and II, with DOS principles and concepts served up as
dessert. While this approach does have some merit, it is
more appropriate for a vendor offering than an academic
institution's curriculum. A cursory examination of page
after page of programmer want ads in the New York Times,
for example, will reveal, at most, three or four requests for
personnel versed in such things as Auto Coder. One can
easily imagine the dismay of the bright-eyed junior college
graduate with such training when he is faced with the
employment opportunities open to him. But the tragedy
and the waste extends further than the fact that his
education has been "pigeon holed". I·Ie will all too rapidly
discover that this so-called education has not prepared him
to cope with other employment needs in his chosen field,
and that, to some measure, his education already faces
obsolescense.
If the state of affairs which I have described fills one
with dismay, let me assure you that the dismay is quite well
founded. But, at the same time, the situation can be and, in
some cases, is already being changed.
At SICC, under the imaginative and creative presidency
of Dr. William Birenbaum, we have been able to implement
a computer science program based on what we are
confident is a more enlightened view point. We feel that the
junior college can and should function as a doorway to
further education. These two years of study can be madc to
be equivalent to the first two years of study at a senior
college so that those students who so wish may easily

transfer to a senior college at the junior level and smoothly
enter into a program leading to a B.S. in computer science.
For those who wish not or cannot continue their education,
the junior college can still provide a sound preparation for a
career in the field.
An examination of the relatively brief but highly
dynamic history of computer science frequently leaves one
with a profound acknowledgemcnt of the incredible
changes which have characterized it. From all indications,
this rate of change and progresswill not only continue, but
possibly accelerate as well. Stabilization will be unlikely
even in ten years. From an educators point of view, this
assumption must underlie his concept of a computer
science curriculum. The following quotation from the
CACM outlines an important and basic concern at SICC.
"Computer Science programs, in common with' those of
all disciplines, must attempt to provide a basis of
knowledge and a mode of thinking which permit
continuing growth 011 the part of their graduates. Thus,
in addition to exposing the student to a depth of
knowledge in computer science sufficient to lay the
basis for professional competence, such programs must
also provide the student with the intellectual maturity
which will allow him to stay abreast' of his own
discipline and to interact with other disciplines."
Atchison et al. [19681
This statement was made with specific reference to the four
year college and it is both disappointing and disheartening
to see that the CACM endorses the trade school role of the
junior college. The article also maintains that " ... the
training of computer operators, coders, ...and other personnel [and 1 many programming positions...can probably
be best supplied by technology programs, vocational
institutes or junior colleges." Atchison et al. [1968 J
If we accept, a priori, the rate of change in field,
educational ideals such as "keeping abreast of the
discipline" must also be pertinent for the junior college
graduate. And, by the same token, they must apply to the
transfer student as well as the career student who will
terminate his education with an A.A.S. degree. At the very
least, a computer science curriculum must not be obsolete
by graduation day. One can modestly hope that it will have
a "half-life" greater than five years. And again, this should
be true whether we are concerned with an Associate degree
or a Doctorate. Our goal must be, in both cases, education
of enduring value.
Current SICC statistics further reveal how ill-conceived
is the trade school function of the junior college. The cold,
hard facts of these statistics show that the percentage of
stuilents who do not drop out of the Senior college after
completion of the first two years is equal to the percentage
of students who continue after achieving their two year
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degree from SICe. Like many progressive colleges and
universities, we at SICC have designed our program in
accordance with CACM curriculum recommendations. This
qualifies our transfer students to apply for adrnissior to a
wide variety of institutions both inside and outside the City
University.
Our responsibility toward the career student is
somewhat more critical. For many of them, graduation
signals the end of their formal education and it is therefore
doubly important that they have not been short-changed by
"how-to" courses. So, the required courses were carefully
chosen for their applicability and relevance to both the
transfer and the career student. This dual function
remained, throughout, of paramount importance.
Also in the forefront has been our endeavor to establish
a program founded on ideas, principles and concepts with
sufficient practical application and background in machine,
assembler and procedure oriented languages to provide a
sound basis for successfully coping with future developments in the field. Of principle importance in this
connection is definition formulation, solution of problems
and algorithms. At the heart of each course is an emphasis
on sequential processes. Laboratory sections arc mandatory
for all courses and are used as a forum for the discussion,
comparison, analyzation and evaluation of elements and
methods of problem solution.
The required courses for the computer science major,

CS 102,CS 137,CS 138,CS 143,CS 146andCSl52,are
substantially BI, B2, B3, I I, 12, and 13 as described in
Atchison et ai. [1968], also see appendix A.
BI or CS 102 serves not only as an introductory course
for computer science majors but also as a service course for
students in other majors who wish to have some
background in the science. The emphasis in the course is
algorithms. PL/I was chosen as the principal language
because of its broad applicability and power, its wide
variety of data types, structures and arrays. Its value is
further heightened by the fact that in itself it introduces
many important aspects of computer science. The text for
the course is Forsythe et 01. [1969]. It was chosen because
of its emphasis on algorithms, an emphasis which will enable students to solve problems creatively and independently
andprovide .preparation for more advanced work. .
B2 or CS 137 was included because it furnishes a
working familiarity with many concepts that are too
frequently taken for granted. Even if one does not code in
assembler language, one can program with greater efficiency
when there is some insight into the machine and BAL. The
IBM P.I. Manual for S/360 assembly language was
considered and rejected as a basic text. Although it presents
machine instructions and BAL quite well, it is inherently
narrow because of its exclusive focus on the 360 and its
absence of algorithms. Gear [1969] proved to be a highly
workable alternative with none of the shortcomings of the
IBM manuals. Required reading is further augmented by
IBM SRL's on S/360 Principles of Operations, DOS
Assembler Languages and the "Green Card", S/360
Reference Data.
B3 or CS 138, a necessary pre-requisite to II and 12,
contains utility in programming. Two term projects are
associated with the course: the programming of the
Quine-McClusky Algorithm and a program to take a fully
parenthesized formula and convert it to its polish fonn. The,
test for the course Korfhafe [1966] was chosen because of
its comprehensive inclusion of a wide variety of basic topics
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from mathematical logic applicable in computer science.
Several colleagues had initially expressed dismay at its
difficulty for upper freshmen but ultimately found it highly
valuable as an educational tool.
liar CS 145 provides the necessary knowledge of data
structures, their relationships and methods of accessing and
manipulating these structures at different levels of store. In
this course, as in BI, great stress is placed on algorithms.
Towards this end, the Iverson Language is presented as a
means of studying algorithms and their behavior. The text
is Iverson [1962].
This book contains more material than we could
possibly cover in a single semester but it is presented in a
precise, highly developed language particularly suitable for
'describing algorithms. The many algorithms contained in
the book furnish rich material for study and analysis.
12 or CS 146 might be subtitled "What Every
Programmer Should Know About The Languages He Uses".
The text is Wegner [1968]. It was chosen because it
approaches programming languages, machine organization
and information structures from a single, unified viewpoint.
It is used both as a review and an introduction to more
formal descriptions of machine and assembler languages.
Macro definition and use are introduced and the significant
features of FORTRAN, ALGOL and PL/I are surveyed.
13 or CS 154 is included with somewhat of an eye to
the future as there is evidence of a decided trend towards
micro-programmable machines. The text for this course is
Hellerman [1967], and Iverson [1962].
It was chosen because of its particular relevence to the
course outline and because of its use of Iverson notation.
The text treats logic design and programming as sequential
processes which is in harmony with the computer science

curriculum at SICC.
Together with required courses in other areas (see
Appendix B) very little opportunity exists for electives in
the two year college. And because our program is so new,

we have, to date, only one computer science course to offer
as an elective, CS 142 which roughly corresponds to B4 in
CACM curriculum. However, we encourage students to
apply their elective credits towards mathematics, history,
social science and the humanities in an attempt to broaden
horizons.

Many junior colleges probably seek for more meaningful curricula in data processing and computer science. Such
content could be supplied by more emphasis on algorithms
and courses like B3 and II, perhaps along the lines of the
model I have discussed. Data processing has been accepted
as being somehow more trivial than numerical calculus but
an examination of the field and some of the problems
which may arise makes one feel that this is due to a lack of
general acceptance of a more precise and rigorous way of
describing the problems and algorithms. Methods of
organizing files, sorting, searching, inventory control and
.managcment information are part of..the field of data
processing and some of the more difficult problems in
computer science are to be found here. For example, B3
could be modified to include more material on Boolean
Algebra and additional material on decision tables. It could
be expanded into a two semester course to be followed by a
course such as 12 with emphasis on COBOL. This kind of
curriculum would give the Data Processing degree real
substance and the graduate would find himself with
sufficient preparation for continuity in his education. It is
hoped that our example at SICC will encourage other junior

colleges to make their programs resonant with contemporary needs.
It is not by coincidence that SICC is the only two year
college elected to membership in the Union for Experimenting Colleges and Universities. In its invitation to
Dr. Birenbaum for SICC membership, the union made
reference to his "innovative. programs". It is with
recognition of this progressive leadership and guidance that
SICC computer science students are able to enjoy the
benefits of such enriched education.
APPENDIX A
CATALOGUE DESCRIPTION OF COMPUTER SCIENCE COURSES

The computer science curriculum at SIee is offered as an option
under two separate curricula: Under the Science Laboratory
Technology curriculum as a transfer degree (AS) anti under the
Electro-mechanical curriculum as a career degree (AAS). Since a BS
in computer science is offered at CUNY (City College and
Richmond College) and-at SUNY (Pottsdam and Stony-Brook) the
t~ansfer degree (AS) is most desirable because of the arrangements
between the City units. The curricula in the two options is
substantially the same. (See similarities and differences in Appendix
BB.)

CS 102

INTRODUCTION TO COMPUTING
(3 class hours and 3
Laboratory hours per week)

COMPUTERS AND PROGRAMMING
(3 class hours and 3
Laboratory hours per week)

Computer structure, machine language, instruction execution.
addressing techniques, and digital representation of data. Computer
systems organization, logic design, micro-programming and
interpreters. Symbolic coding and assembly systems. Programs
segmentation and linkage. Systems and utility program, programming techniques and recent developments in computing.
Several computer projects to illustrate basic machine structure and
programming techniq ues.
Prerequisite CS 102
4credits
CS 138

INTRODUCTION TO DISCRETE STRUCTURES
(3 class hours and 3
Laboratory hours per week)

Review of set Algebra including mapping and relations.
Algebraic structuresIncluding semigroups and groups. Elements of
the theory of directed and undirected graphs. Boolean Algebra and
propositional logic. Application of these structures to various areas
of computer science.
Prerequisite: CS 102, Match 5
4 credits

CS 146

Algorithms, programs and computers. Basic programming,
program structure, and practice. Basic concepts of numerical error.
Interpolation. Solution of non-linear equations. Linear systems of
equations.
3 credits

PROGRAMMING LANGUAGES
(3 class hours and 3
Laboratory hours per week)

Formal definition of programming languages including specification of syntax and semantics. Simple statements including
precedance, infix, prefix, and postfix notation. Global properties of
algorithmic languages including scope of declarations, storage
allocation, grouping of statements, .binding time of constituents.
subroutines, corouttnes, and tasks. List processing, string manipulation, data description, and simulation languages. Run time
representation of program and data structures.
Prerequisites: CS 135,CS 136
4 credits
COMPUTER ORGANIZATION
(3 class hours and 3
Laboratory hours per week)

Basic digital circuits, Boolean algebra, combinational logic, data
representation and transfer, and digital arithmetic Digital storage
and accessing, control functions, input-output facilities, system
organization and reliability.
Prerequisites: CS 135, CS 136
4credits
ANALYTICAL GEOMETRY AND CALCULUS I, II, III
Math 21,22,23
(5 class hours for Math 21
4 class hours for Math 22
3 class hours for Math 23)

An integrated treatment of analytic geometry and differential
and integral calculus designed to provide a mathematical foundation
for students planning to major in engineering, the physical sciences,
or mathematics.
Math 21 Prerequisite: Trigonometry and the passing of the
Mathematics Placement Test, or completion of Math 5 with a grade
of B or better. If such a grade is not obtained, Math 5 may be
repeated with permission of the Department.
Math 22 Prerequisite: Math 21
4 credits for Math 21
~·[ath 23 Prerequisite: Math 22
3 credits for Math 22
3 credits for Math 23
MATH 5

MATHEMATICAL ANALYSIS I'
(3 class hours per week)

An introduction to mathematical analysis. Algebraic and
transcendental functions and equations. Determinants. Inequalities.
Analytic geometry of the straight line and the circle. Introduction
to numerical methods; location of real roots and equations.
3 credits
MATH 6

COMPUTER PROGRAMMING AND NUMERICAL CALCULUS
CS 142
(2 class hours and 2
Laboratory hours)

(3 class hours and 3
Laboratory hours per week)

Basic concepts of data. Linear lists, arrays, strings, and
orthogonal lists. Representation of trees and graphs. Formal
specification of data structures, data structures in programming
languages, and generalized data management systems. Storage
systems and structures, storage allocation and collection searching
and sorting techniques.
Prerequisites: CS 135, CS 138
4 credits

CS 154

Algorithms, programs, and computers. Basic programming and
program structure. Programming and computing systems. Debugging
and verification of programs. Data representation. Computer
solution of several numerical and non-numerical problems in a
programming language.
CS 137

DATA STRUCTURES
CS 145

MATHEMATICAL ANALYSIS II
(3 class hours per week)

Elements of analytic geometry and calculus. Differentiation and
integration 'of algebraic and transcendental functions. Polar
coordinates. Introduction to differentiation by graphical means and
trapezoidal integration.
Prerequisite: Math 5 or equivalent
3 credits
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Course B 3. Introduction to Discrete Structures

NUMERICAL ANALYSIS I

(3~O~3)

(2 class hours and 2

MATH 8

Laboratory hours per week)

Prcreq uisite: Course B 1.

Numerical techniques, real roots of equations, solution of simultaneous equations, interpolation, differentiation and integration.
Prerequisite: Math 6. Math 8 includes an introduction to
FORTRAN and the usc of the language to solve numerical
problems.
3 credits
NUMERICAL ANALYSIS II
(2 class hours and 2
Laboratory hours per week)

Review of set algebra including mappings and relations. Algebraic
structures including semigroups and groups. Elements of the theory
of directed and undirected graphs. Boolean algebra and propositional logic. Applications of these structures to various areas of
com pu ter science.

Error analysis, least square approximation, matrix arithmetic
and inversion. An elementary introduction to Taylor's series and
ordinary differential equations. Math 9 continues to usc FORTRAN
in the solution of numerical problems.
Prerequisite: Math 8
3 credits

Basic concepts of data. Linear lists, strings, arrays, and orthogonal
lists. Representation of trees and graphs. Storage systems and
structures, and storage allocation and collection. Multilinked
structures. Symbol tables and searching techniques. Soring
(ordering) techniques. Formal specification of data structures, data
structures in programming languages, and generalized data management systems.

APPENDIX BB
COMPARISON OF TRANSFER AND CAREER CURRICULA
Similarities

Differences

Course 11. Data Structures

(3~O-3)

Prerequisite: Courses B2 and B3.

Course 12. Programming Languages

(3~O~3)

Prerequisites: Courses B2 and B3.

Similarities

Differences

Computer Science requirements:
CS 102, 137, 138, 145146,154

Career degree requires 67 credits
transfer degree requires 64 credits

Math requirements:
Math 21,22,23 (preferred)
or Math 6, 8(+3 more credits
in math)

Career degree requires 9 credits
of guided electives in addition to
the 9 HSS required.

Formal definition of programming languages including specification
of syntax and semantics. Simple statements including precedence,
infix, prefix, and postfix notation. Global properties of algorithmic
languages including scope of declarations, storage allocation,
grouping of statements, binding time of constituents, subroutines,
coroutines, and tasks. List processing, string manipulation, data
description, and simulation languages. Run-time representation of
program and data structures.

Transfer degree requires:
Physics requirements:
50,51,60,62,70,71,80,
81 (Preferred) English
requirements: II, 12 or
21,22

Speech
2 credits
Hygiene
2 credits
American Government
3 credits
Eco f
3 credits
Phil I
3 credits

History and Social Science
requirements:
9 credits
Physical Education requirements:
2 credits

Course l3. Computer Organization (3~O~3) or (3

w2-4)

Prerequisites: Courses B2 and B3.
Basic digital circuits. Boolean algebra and combinational logic, data
representation and transfer, and digital arithmetic. Digital storage
and accessing, control functions, input-output facilities, system
organization, and reliability. Description and simulation techniques.
Features needed for multiprogramming, multiprocessing, and
real-time systems. Other advanced topics and alternate organizations.
REFERENCES

APPENDIX C
Course BI. Introduction to Computing

(2~2~3)

Algorithms, programs, and computers. Basic programming and
program structure. Programming and computing systems. Debugging
and verification of programs. Data representation. Organization and
characteristics of computers. Survey of computers, languages,
systems, and applications. Computer solution of several numerical
and non numerical problems using one or more programming
languages.
Course B2. Computers and Programming (2-2-3)
Prerequisite: Course B 1.
Computer structure, machine language, instruction execution,
addressing techniques, and digital representation of data. Computer
systems organization, logic design, micro-programming, and interpreters. Symbolic coding and assembly systems. macro definition
utility programs, programming techniques, and recent developments
in computing. Several computer projects to illustrate basic machine
structure and programming techniques.
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APPENDIX BB
COMPARISON OF TRANSFER AND CAREER CURRICULA
Similarities

Differences

Similarities

Differences

Computer Science requirements:
CS 102, 137, 138, 145 146, 154

Career degree requires 67 credits
transfer degree requires 64 credits

Math requirements:
Math 21, 22, 23 (preferred)
or Math 6, 8(+3 more credits
in math)

Career degree requires 9 credits
of guided electives in addition to
the 9 HSS required.

Physics requirements:
50,51,60,62,70,71,80,
81 (Preferred) English
requirements: 11,12 or
21,22
History and Social Science
requirements:
9 credits

Course fl. Programming Languages (3·0-3)
Prerequisites: Courses 82 and B3.
Formal definition of programming languages including specification
of syntax and semantics. Simple statements including precedence,
infix, prefix, and postfix notation. Global properties of algorithmic
languages including scope of declarations, storage allocation,
grouping of statements, binding time of constituents, subroutines,
coroutines, and tasks. List processing, string manipulation, data
description, and simulation languages. Run-time representation of
program and data structures.

Transfer degree requires:

Course 13. Computer Organization (3-0-3) or (3-2-4)

Speech
2 credits
Hygiene
2 credits
American Government
3 credits
Eco I
3 credits
Phil I
3 ered its

Prerequisites: Courses B2 and B3.
Basic digital circuits. Boolean algebra and combinational logic, data
representation and transfer, and digital arithmetic. Digital storage
and accessing, control functions, input-output facilities, system
organization, and reliability. Description and simulation techniques.
Features needed for multiprogramming, multiprocessing, and
real-time systems. Other advanced topics and alternate organizations.

Physical Education requirements:
2 credits
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Course B 1. Introduction to Computing (2-2-3)
Algorithms, programs, and computers. Basic programming and
program structure. Programming and computing SYStClllS. Debugging
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characteristics of computers. Survey of computers, languages,
systems, and applications. Computer solution of several numerical
and non numerical problems using one or more programming
languages.
Course·B2. Computers and Programming (2-2-3)
Prerequisite: Course B1.
Computer structure, machine language, instruction execution,
addressing techniques, and digital representation of data. Computer
systems organization, logic design, micro-programming, and interpreters. Symbolic coding and assembly systems, macro definition
utility programs, programming techniques. and recent developments
in computing. Several computer projects to illustrate basic mach inc
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Carlos Jose Pereira de Lucena

I. INTRODUCTION
During the year of 1969, we had the chance of giving
several talks in Brazilian universities about the need for
computer education in our country. On these occasions,
several questions arose concerning the role of the computer
scientist and the emphasis to be given on education in
computer science: Is it reasonable to maintain and motivate
the creation of graduate programs in computer science in
our universities in a generalized way? In which proportions
must our universities produce specialists in computer
applications and computer science? What is the influence
that a computer scientist can have in the university and in
industrial environments?
These questions were almost obligatory in every discussion
we had after the talks.
We are sure that still most of our universities are
unaware of the influence that a computing centre and a
group of computer scientists can have over its academic
programs in general.
The essence of this paper is to propose an educational
policy for the developmen t of computing in this country.
We propose also thc main characteristics of what we
consider suitable curricula for undergraduate levels, and we
take some time discussing the participation of universities
in the teaching of programmers and systems analysts;
specialists that our economy is badly needing today.
When we used the expression "the Brazilian experience" in the title of this paper, it was because we will
merely be describing here, according to our point of view, a
set of activities that are already 'taking place in the country,
proposing a way of reviewing some of them and of
generalizing others. What we hope after all is that some of
the ideas that we will be discussing can be of use for people
like us concerned with computer education.
2. THE STATE OF THE ART OF COMPUTING IN
BRAZILIAN UNIVERSITIES
The theme computer education is an attractive subject
all over the world and it is especially attractive, for its
challenging aspects, in the developing countries. This paper
originated from a study we did last year about the state of
the art of computing at Brazilian universities. More than
doing a questionnaire survey we were interested in getting a
more intimate feeling of why and how things were going in
this area. The technique we used to get most of the
information was to make formal presentations, either at
One university, or in a seminar for a group of universities
held in. our own university, about "Academic Programs in
Computer Science". As the subject was rather a centro-

versial one, there arose a lot of interesting arguments which
we explored to see what people working in computing at
the several universities thought about its several aspects in a
university context.
To give an idea of the statistical validity of the
conclusions we are going to draw about the country's
situation, it is important to mention some key figures.
There are 30 computers installed in universities and
research centres in Brazil (until February J 970). These
computers are placed in 20 universities and research
centres. Most of them (83.3%) are small machines (all
IBM·1130s and 160s). There is no large scale computer
installed and the largest that can be round are B-3500s, one
IBM-360 model 44 and an IBM 7044/140 I system. Fifteen
of these centres were either visited by us or sent
participants to our seminars.
The average number of people regularly working in these
centres is five, where 2 at least. are still senior
undergraduate students. (In this average we are not
considering one or two universities that would introduce a
bias in the statistics).
lf one is not worried enough with the mentioned
average number of people, we must mention that the
number or computers installed in educational institutions
will be increasing by ahout 50% by the middle of next year.
What is more, we shall see a lot of larger computers among
the new equipment. We mention this not because we think
we do not need these computers. We do need them to
change the present stage of our technology. The problem is
that we need to be as aggressive in finding people to work
with them as the manufacturers are in selling the
computers.
Let us start the discussion of our problems by stating
the more general of them: most universities are not sure of
what to do with their equipment. The first basic problem
they face is one of where to place the computer on campus.
Of course, this problem makes a lot of sense if we think of
the peculiar personality of digital computers. Nobody
would discuss where to place a physics' laboratory. The
problem is that a computing centre can be faced (and must)
as a general laboratory open to all the departments of the
university. But is is also a service bureau that solves most of
the problems of academic administration, and even as a
service bureau to do external services for industry.
What is normally happening in the country is that,
because of the shortage of people, only one or few of the
several possible uses of a computer on campus is being
explored. And, unhappily, education is not necessarily one
of them.
We collected interesting statements from professors in
several areas who are outstanding computer users. Some of
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them are: "The computer in this university is a toy for
people from such and such departments to play with"; "we
can never get machine time as the computer is always
running the university's payroll"; "external services have
preference over research projects" and so on.
Although money is a problem for the computer centre;
administration, which sometimes causes an overemphasis on
external services, does not seem to be as important as the
non-existence of well educated people in the market. The
existence of such people at the university could change the
.orientation of the centre. And, of course, there is the well
known problem of the university competing with industry's
salaries.
One must have noticed that we still did not use the
expression Computing Science as it was still very early to
do that. Practically all substantial work in computer
education done in Brazil at the present moment is lead by
four institutions. These institutions are located in the Rio
de Janeiro (2) and Sao Paulo (2) areas. By coincidence, Sao
Paulo specialized in the undergraduate area: the University
of Sao Paulo (Campinas Campus) runs an undergraduate
program in Computing Science and the Aeronautic Institute
of Technology has a strong major in computing embedded
in the undergraduate engineering curriculum. In Rio, the
Federal University of Rio de Janeiro (COPPE) has a
graduate program in systems within the Electrical Engineering Department, and the Pontifical Catholic University
(PUC) runs the only graduate program in Computing
Science in the country, together with an active minor in
computing for students in science and engineering.
The two mentioned graduate programs like many others
in different specialities are mainly supported by the
Brazilian National Bank for Development, which is
primarily responsible for the flurry of graduate studies and
research which has recently taken place in the country.
When we said that Sao Paulo specialized in the
undergraduate area, we meant that they have a major
within regular programs. The reason we make this
observation is that one of the most important things
happening in computing in Brazilian universities is a general
effort to have an appropriate minor in computing within
the various undergraduate programs in science and
engineering. As we are going to point out later, to find an
adequate number of people to teach these minor programs
is one of the more delicate problems we face today.
To complete an overall picture about the country's
situation in the computer fields we must indicate that the
number of computers installed in public and private
enterprises is around 300. This figure will be drastically
modified in the near future according to current
predictions. Even before the predicted growth the main
user's association in the country claims that most computer
installations have a significant amount of idle time.
Of course, we cannot assume that an explosive, growing
economy like ours does not have enough information to be
processed by the few existing installations. On the contrary,
it is easy to justify the large number of future installations.
And here we are back to the personnel problem: lack of
people and existence of poorly trained people. In this case
we not only mean people in computing but people at the
managerial level who do not force the computer systems to
be conveniently utilized.
Computer education is just a special case of the
problem of education in developing countries. Lots of
money is being invested by the Brazilian government in this

area. Let us then speculate about how to get the best return
for investment in the computer field.
What we propose in this paper are the general lines of a
strategy to supply adequately trained people for the
university in the first stage, and to enable the university to
supply people for itself and industry in the future.
Hopefully, a well established plan can lead us to
nothing worse than those plans adopted by most developed
countries, as nobody we know has completely solved this
problem yet.
3. TOWARD AN EDUCATIONAL POLICY FOR THE
DEVELOPMENT OF COMPUTING IN THE
COUNTRY
We find it comfortable to think about the solution of
the educational problem in much the same way we think
when solving numerically a differential equation. What has
to be done is to build up a procedure through which we
supply people in both short and long terms for the
university and industrial systems. What we will be discussing next is the establishment of the initial conditions
for the process.
If we think of education as an economic good, we can
observe that, with regard to the present problem, there are
two kinds of goods to be considered: consumption goods
and investment goods. In fact, our industry will eagerly
consume technicians as programmers and systems analysts
to make the present and future computing centres go. But
our country also needs to invest in the development of
professors who will be capable of training the users and
instructors of the future. Accordingly, we are going to
subdivide the discussion about establislunent of the initial
conditions into two parts (sub-sections 3.1 and 3.2).

3.1 Extension courses programs
One may question the university's role in producing
what we call consumption education in computing. In fact,
we can expect the market mechanism to solve this problem.
What we mean is that the salaries industry will be willing to
pay for computer people, will strongly stimulate the
creation of private courses to produce programmers and
analysts. This process is not new and it is sufficient to open
any of several Brazilian newspapers to confirm its existence.
Besides, the manufacturers have working training programs.
In the last section, when we mentioned the existence of
idle time in industry's installations, we alluded to the poor
training that exists today. Our idea is that somebody must
get into the market to raise the level of the existing COurses.
This could be done by universities through extension
courses.

Some points can be listed in favour of participation of
the university in this kind of training. Some of them are:
a) The curricula of the Courses can be enriched by topics
which are not normally seen in programs of this kind, as
the university can count on the cross-relationship
among its various departments. Some of these topics
are: statistics, management science, economics, opera-

tions research, etc.
b) The university's computer centres can use these
extension courses as a means of income which is far
better than running uninteresting industrial jobs at the
university just for the sake of equilibrating the budget.
c) A student participating in an extension course in
computing at a university can benefit from its
environment.
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In this way, part of the establishment of the initial
conditions would be to call most of the universities'
attention to this kind of activity. This program would
mainly involve organizational problems as no large staff is
required for the subject.
Among the universities we visited in the country there
are about five acting in this area. Nevertheless, most of
them are not taking advantage of their environment in the
setting up of the courses.
3.2 Regular courses within science and engineering curricula
Now comes the hardest part of the problem: it is
generally agreed today that at least all students in science
and engineering must have, by the time they graduate, a
working knowledge of computing. It is a fairly safe guess
that the technology of the future will be strongly based on
computers. Therefore, if a developing country ever intends
to be, to a large extent, technologically self-sufficient, it
must motivate research and teaching in the area of the
computer sciences. We are then faced with the problem of
forming high level users for the computing facilities
installed in the country, and of preparing the people
participating in academic activities in computer science in
Brazilian universities.
If we can outline some immediate steps to be taken
with respect to this problem, we shall have completed the
other half of the mentioned initial conditions.
The problems of graduating good users and starting to
supply academic people to universities are simultaneous.
When we say academic people we are refering now to those
responsible for the core curriculum in computing at
undergraduate programs.
By no means should the training to be given to a
prospective scientist or engineer be only a programming
course in a high level language. A lot has to be said to these
students about how to construct an algorithm, about the
role mathematical logic plays in computing and about the
organization of the computer systems available.
During the seminar held at PUC we presented two
papers about undergraduate and graduate curricula in
computing (8). In one of them we take our time describing
in detail the organization of a first course in computing
given at the University for students in science and engineering. One of the theses we presented is that an
incremental program taking from a minor to a major in the
field embedded in a science or technology program, is far
preferable to a rigid curriculum leading to a bachelor's
degree in computer science.
Before listing briefly the points we mentioned in the
papers, we must point out that we are making no attempt
to define an ideal program, but rather we are simply
transmitting our experience at PUC from 1963 to the
present date.
Here are some of our ideas about undergraduate
curricula in computing
a) A minor in computing for students in science and
engineering must include: programming in a high level
language, construction of algorithms (programming
techniques), elements of data structures and elements
of computer systems (an equivalent to approximately 4
semesters of the program).
b) A minor like the one mentioned in a) can be enlarged to
a major through the addition of topics such as:
mathematical logic and automata, list processing
languages, character manipulation languages, compiler

and assembler construction (basic concepts), and
operating systems - This would take 4 extra semesters
of the program.
c) Of the courses in numerical methods, at least the first
one (if there are more than one), must be strongly
oriented to computers - This will give the future
scientists and engineers the ability of easily approaching
mathematical problems through computers.
d) The logistic of the computing must be carefully studied
as to allow students to run as many programs as
possible per term. The exposure time of an undergraduate student to the computer must be very high,
mainly in the first terms of his course.
e) The group in computer science must not get involved in
teaching application courses. Nevertheless, a good
support must be given to people in other departments
so that these courses exist. After all, we expect most of
the students to be applied people rather than, for
instance, computer scientists.
How. can a program like this be implemented in most
universities of the country? The answer to that will
complete what we called initial conditions of the problem.
In fact we have to indicate who will teach at the
universities. The preferable background for them would be
a post-graduate degree in computer science. The universities
must have in mind that the influence of a person with such
a background over its environment has a high multiplicative
effect. For instance, one must not forget that among his
activities would be the one of educating professors from
other departments. We saw this experience working with
success in three universities in the country, apart from the
main four we mentioned in last section. Suppose the
existing graduate programs are expanded and a couple of
new others created, this investment would produce the
creation of computer science groups in most universities in
the country through the export of know-how. In this way,
what we think the basic requirements for the development
of computer education in Brazil would be fulfilled. We shall
now review the structures of the centres that are able to
start the described process.
The Federal University of Rio de Janeiro (COPPE) has a
program in systems within the Electrical Engineering
Department. This program is not training people in
computer science yet, but is already producing MScs who
are very knowledgeable in computing. The Catholic
University of Rio (PUC) has a graduate program in
computer science (recognized by the Brazilian National
Research Council) which is already turning out MSc's
suitably trained to perform the pioneer activities required
by the other universities in the country. The two other
institutions in Sao Paulo, the State University of Sao Paulo
(USP) and the Aeronautic Institute of Technology (ITA),
although not having graduate programs, can have them
established by the amplification of the existing undergraduate activities.
In short, we are sure that the country can bootstrap the
specialists who will start academic activities in computing in
its universities by fully adopting the principle of the
Regional Centres. This is not a new idea .but simply l\I1
application of the OAS's multi-national Program in a national scale.
The existing program at PUC can illustrate the results
one can expect for such a program in the area of
computing. From the MSc students graduating this semester
in computer science at PUC, I3 are going to universities all
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over the country and 2 to industry. From the 50 students
enrolled to start the program in March 1970 (from 12 states
in the country) 70% plan to go to academic activities and
30% to industry.
There is no need here for going into details about how
the four discussed institutions can be upgraded to be
transformed in regional centres as their problems differ
considerably. The fact to point out is that resources should
be given for them to be running PhD programs in the near
future.
4. CONCLUSIONS
If one can accomplish what we described, our
procedure for the establishment of an educational program
in computing in the country would produce the following:
All computing centres in Brazilian universities would
produce, through extension course programs, adequate
people to work for industry. This would be done with
several advantages with regard to the level that would
be given to students. A very nice arrangement would be
the establishment of agreements between universities
and technical high schools for the implementation of
this project.
- The academic program of the regional centres would
supply people to implement active undergraduate
curricula in computing all over the country.
This general plan can be elaborated and transformed into a
realistic project. When we get to the phase of discussing
details, we shall arrive at considerations as to the following:
- Although most of the training must be done at home,
still a considerable percentage (measurable) of people
must be sent for graduate programs abroad and the
import of know-how must be always seriously
considered.
It would be very interesting if, during the process of
upgrading the first regional centres, a high level
commission could orient them to specialize in different
sub-fields of computer science. Of course lots of
necessary intersection would be maintained.
New regional centres would be appearing informally in
the future. It would be rather interesting to support
these centres also, providing they would satisfy some
basic requirements.

With regard to graduate curricula to be adopted by
Brazilian universities, it is very difficult to list general
recommendations without doing an unrealistic work such as
ACM's Curriculum 68. The appendix illustrates what we are
presently doing at PUc.
Of course we can expect most of the curricula to give a
strong emphasis to areas such as software engineering;
theory of computation, and computer systems. Nevertheless it would be very nice to have in several programs,
minors as: numerical analysis; combinatorics; mathematical

programming, etc.
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What' we think with regard to the Brazilian case is that
the development of Oornputer Science will indirectly give
birth to an almost non-existent speciality in the country:
applied mathematics.
APPENDIX
GRADUATE PROGRAM IN COMPUTER SCIENCE AT PUC

Requisitesfor admission

_

Enrolment for the computer science graduate course is extended
to any candidate having a bachelor degree in science and fulfilling
the requisites mentioned below, who. according to the Department's
criteria, has sufficient experience and knowledge to take the courses
and participate in the course assignments. Candidate's acceptance
depends on the examination of his transcript and, if necessary, an
interview with a professor indicated by the graduate program
co-ordinator,
Although candidates with different undergraduate training are
acceptable, the following minimum level of mathematics is required:
- one year of calculus
- one semester of numerical calculus
- one semester of probability and statistics
- one semester of digital computer programming
The Department, however, has the right of accepting candidates
who have a good background if they are able to fulfill the above
during the program.
Conclusion of the program.
Two ways exist for the fulfillment of requisites for the conclusion
of the program. The first is to pass an examination covering the two
selected areas and to present a thesis so dimensional as to be
normally concluded within 2 months. The second consists of
preparing and defending a thesis dimension of 6 months. Minimal
times for program's conclusion after completion of the 24 credits,
by the first and second way, are respectively 3 and 6 months.
The duality of ways aims at giving a different treatment to
students who enroll in the master's program as their last graduate
course, and to students who intend to pursue a Ph.D. degree. The
form that involves an examination applies to the second casco That
is why the questions, although strictly within the course's curricula,
are taken from qualifying examinations for doctoral programs of
internationally reputed universities. Although this is the main reason
for the two forms for program conclusion, each student shall decide
on one of them, according to his personal criteria and under
guidance of his advisor, by the end of the 2nd semester.

Program's schedule
March to June - first semester of lectures
July - final course assignments for the first semester
August to November - second semester of lectures
December to January - final examination or beginning of thesis
Beginning of February - final examination or beginning of thesis.
Seminars
Seminars, for this Department, are meant to be a half course.
Therefore, two seminars may replace one course. The seminar's
objective is to deepen topics dealt with during the existing courses
or to present subjects not covered by the program. Seminars involve
lectures, assignments, examinations, etc., and have an average
duration of 2 months. Planning for seminars is very flexible because
it mainly depends on visiting professors and on the interest of a
sizable group of students.
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Jean-Louis Rigal

1. MANAGEMENT DATA PROCESSING
What exactly is management data processing and, first
of all, does such a science exist? How should it be taught,
and how should management data men be trained? To
answer these related questions, we will try to carry out a
pial) this year in October 1970, in France.
1.1 Even if we assume, as we are tempted to do, that there
exists a science called ,,[nformatics" defined by its aim; its
object (data processing systems and, in particular, but not
exclusively - men-controlled computers), does not mean
that management informatics exist, any more than medical,
documentary, or astronautical informatics exists as a
science. What does exist are at least various ways of
applying data processing and of using computers. At most,
the union of two or more techniques aiming at solving one
problem (in fact, this is the case for any science: many
tools are used in astronomy, all aiming at knowing more
about stars).
In short, whether we accept the previous statement or
not, what we must define is the necessary research to be
carried on; the degree of competency required, and the
type of person to be trained in order to produce men able
to run a computing department and to form a liaison
between the computer and the management staff.
1.2 The main problems concern:
a) Picking up and grouping of elementary data, constitution of documents and files, and optimal consultation
of them. More generally, optimization of the circulation of
information under the storage memory pyramid of a
system.
b) Significance of the conclusions drawn, initial uncertainty of the data and chosen modelization being taken
into account.
c) Fullest possible understanding of the firm's economy
intellectual curiosity, flair for research, aptitude for
change.
d) Art of self-expression and dialogue, any engineer in
informatics being essentially the liaison officer between
the computing department and the management staff.
2. SET-UP OF COURSE
2.1 In France, we are considering a set of courses of 4 to 5
years after the baccalaureat (school leaving exam), with a
scope of possible switches from one course of two years
(one: economic sciences universities; another: a scientific
course called ,,[nfonnatics and Economy", implying 40%
mathematics and statistics; 20% informatics and programming, 20% art of self-expression and allied techniques. A
third being: University's Institute for Technology or
Institute for Programmation of Paris University' to a second

one of 2 to 3 years' (management "Maihise"; management
data processing "mai,hise", with a possibility of becoming
Doctor - MA - or engineer). The following flow diagram
shows more clearly the economy of the project.
...

main direction

... possible direction
end of the university courses
other possibilities, less conclusive
2.2: Programs are not definitely defined (except for the
first courses of two years), but we think this will be so
before February 1970.
For the Informatics and Economy preparatory course
of two years, totalling about 1,400 hours; teaching,
exercises, and working in small groups all included.
a) Mathematics (420 hours): order relations, graph,
boolean algebra, combinatory; real and numerical
numbers: functions, integration and derivation (introduction to.,.); linear algebra and matrix calculus;
approximation, maximization and optimization (emphasis being put on algorithmic constructions)
b) Statistics (180 hours) the statistical mind; combinatory;
conditional .probability and Bayes' theory; usual
distribution and functions of them (application to
rounding-off errors), estimation and tests (Bayesian way
and maximum of likehood); information (no infinitive,
perfect information can be created or carried).
c) Computer Science (300 hours)
Structures of a computer and system of data
Teaching of algorithmic languages,
Non-numerical algorithms (through examples).
d) Initiation of the economical mind and methodology
(270 hours)
e) Techniques of human communication (and second
living language, such as English for French speakers, if
necessary) 270 hours.
2.3 For the second course (Baccalaureat + 4 years = M.A.),
as a rough guide, let us include:
a) Data processing and programming; operating systems
and peripheral equipment (250 hours).
b) Other algorithmic specific language, files data processing (180 hou rs).
c) Operational research (theory of games and decision;
linear convex and dynamic programming) (180 hours).
d) Life of a firm or of a nation and study of organization;
human, economic and legal problems, management
accounting and balance.
Evolution and mutation of firm or of a nation (180
hours).
e) Study of cases and environment; modelization (200
hours).
f) Elements of mathematical economy (40 hours)
g) Techniques of expression (150 hours)
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Not to have:
Six months at least practical training
The course can be extended to five years (more
personal work and more study of cases working, or in a
firm) to give the title of "engineer" (fifth year)
The timetable given is indicative and depends on the
elementary course and on the final specialization;
variations are possible through optional teaching.
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AT
UNIVERSITY

OF

PENNSYLVANIA

Morris Rubinoff

The various programs invo.ving education in and with
computers which have emerged, beginning in the thirties, at
The University of Pennsylvania in general and The Moore
School of Electrical Engineering in particular can now be
seen to have followed a fairly logical historical pattern.
The large scale digital computers, and the new sciences
and professions related to them were born at The Moore
School and developed by surrounding industry in The
Philadelphia Area (which had computer development and
production at Univac, Burroughs, RCA, and Philco).
The graduate and undergraduate educational activities
which have emerged have the following orientations:
I. Computer Systems Engineering
2. Information Storage and Retrieval
3. Computers and Language
4. Computer and Information Sciences
5. Computers in Engineering
6. Computers in Business Education
7. Computers in High School Education
8. Graphic Orientation and Uses
9. Computer Operating Systems
10. Computers in Undergraduate Education

computer known as the EDVAC (Electronic Discrete Variable Calculator) [5]. The EDVAC is the first digital computer employing the 'stored program' concept which made
the digital computer truly general-purpose by making the
storage of instructions the same as the storage of data.
The advent of the ENIAC and EDVAC led to a
substantial expansion in the Moore School curriculum.
Between 1949 and 1952, four new courses on basics, logical
design, computer hardware, and numerical analysis were
introduced.
A direct result of this Moore School activity was the
formation of a computer company, Computer Controls,
which later became Sperry Rand UNIVAC, and the
initiation of computer R&D efforts in Burroughs, RCA,
and Philco. At the same time, attention was directed to the
many problems of man/machine interaction and a number
of courses and research studies were introduced. Among the
former was the offering of a graduate course on Human
Engineering in 1958.
In 1953 a course entitled Switching Circuits was
introduced which became the forerunner of the present
Moore School courses on Switching Theory and Theory of
Automata.

1. COMPUTER SYSTEMS ENGINEERING
Computer and information sciences had its beginnings
at the University of Pennsylvania in 1933 with the design
and construction of an analog computer by the Moore School
of Electrical Engineering, known as Mechanical Differential
Analyzer. Application of these analog computers in
research and in the solution of engineering problems led to
the introduction of two courses· "Calculating Devices" in
1939 and "Engineering Techniques for Solving Differential
Equations" in 1941 [1]. These graduate courses were
designed to encourage the study of automatic means for
carrying out numerical computations and the use of
differential analyzers.
The study of automatic numerical' computation methods soon prompted the search for a high-speed computer
with greater computation precision than that which the
analog computer could reasonably provide. This led to the
conception and specification of the first electronic digital
computer known as ENIAC (Electronic Numerical Integrator and Calculator) in 1942 and its completion in late
1945 [2,31. In the summer of 1946, a program entitled:
"Theory and Techniques for Design of Electronic Digital
Computers" was conducted at the Moore School. Lecturers
included J.W. Mauchly, J.P. Eckert, Jr., H.H. Goldstine,
A.H. Burks, J. von Neumann, H. Rademacher, Chuan Chu,
H.H. Aiken and others. Forty-Eight lectures were given and
recorded in four volumes of proceedings [4]. Prior to the
completion of the ENIAC, design began on another digital

2. INFORMATION STORAGE AND RETRIEVAL
In the area of research on man/machine parallels as well
as interaction, it was felt that a first step toward a more

intelligent computer was to provide the computer with an
ability to make its own associations between data and the
description of data. This led to the invention of an
associative memory with an organization known as Multilist
[7]. Although the computer with Multilist memory was
never constructed, the Multilist memory organization was
simulated with software and found many novel applications
in problem solving [8]. As a result of these applications, the
Multilist organization becarne a useful file structure for
information storage and retrieval and data management.
At the same time the exploration of semantic tools for
information storage and retrieval had reached considerable
height. Advanced methods for forming word co-occurrence
statistics were studied [9]. By using these methods, more
refined clumps of related words could be found from which
automatic recognition of word associations could be
realized (10] and an adaptive interface for man/machine
dialog could be achieved [I I]. The study of query languages
and their processors led to research on two English-like
query languages and processors - Easy English and Real
English (12, 13]. The accumulated research efforts in the
mechanization of information storage and retrieval systems,
the development of semantic tools for information storage
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and retrieval systems, and the structures of files and records
led to the subsequent establishment of a graduate course in
Information Storage and Retrieval in 1963.
3. COMPUTERS AND LANGUAGE
In the area of programming and formal language study,
emphasis was on the development of a generalized assembly
systems with macro facility [14] and study of the
theoretical foundations of formal mixed languages [15].
The Linguistics Department of the University has a long
tradition of strong research activities, which produced
N. Chomsky's work in the 1950's on phrase structure
grammars. The Moore School also has been engaged, in
cooperation with the Linguistics Department, in the formal
study of string adjunct grammars and transformational
grammars which are formalizations of natural language
grammars. The study had been put into practical use in
programming of syntactical analyzer of English or languages
which resemble natural languages.
Active research at the Moore School on the Theory of
automata began in 1958. Work on regular expression
language and on countable functions (what is now called
the theory of computational complexities) have become
classic. Research is now conducted in the area of the
iterative arrays of finite-state machines, ranging from
cellular logic to tessellation automata.
4. COMPUTER AND INFORMATION SCIENCES
In recognition of the expanding' course curriculum and
research activities, the time for inaugurating a graduate
program in Compu ter and Informa tion Sciences had
arrived. By 1959 the first separate degree bearing graduate
program was established in the Moore School [I 6]. In
addition to faculty members within the Moore School, this
program had active support of faculty members from the
departments of linguistics, philosophy and mathematics and
the Wharton School of Business and Finance. Fields of
study were grouped into five areas - Numerical analysis,
Computer mechanisms, Programming and formal languages,
Switching and antomata theories, and Mathematical Logic.
Existing graduate courses were reorganized and new
graduate courses were introduced to blanket these areas.
Ph.D.requirements were established for both written and
oral examinations in all the above five areas. In numerical
analysis, two advanced graduate courses were introduced in
1960. In computer mechanisms, an intermediate graduate
course entitled Introduction to Digital Computers-Systems,
with emphasis on computer hardware, was introduced in
1959 to supplement two existing courses on Computer
Logical Design and Engineering Principles. In programming
and formal languages, two new courses were introduced in
1960 - Mechanical Languages and Programming Languages.
The original course entitled Introduction to Digital
Computing Machines was reorganized in 1969 to give more
intensive coverage of Programming and Logic. In switching
and automata theories, a new COUrse on the Theory of
Automata was introduced in 1958. Courses in mathematical
logic were also offered in the linguistics and philosophy

departments.
Between 1959 and 1963, thirteen Ph.D. dissertations in
the computer and information sciences were initiated in
electrical engineering, psychology, and linguistics. The
program was recognized by the Graduate School of Arts
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and Sciences as an independent graduate program in 1962
and produced its first Ph.D_ in 1963. Since then, the
program has awarded 25 Ph.D.'s and more than 100
Master's degrees. In the fall of 1967, the program reached
an enrollment of 233 full-time and part-time graduate
students of whom 35 were full-time Ph.D. candidates.
5. COMPUTERS IN ENGINEERING
As the graduate program in Computer and Information
Sciences. enjoyed its rapid growth, the introduction of the
newly developed science into the undergraduate curriculum
and high school program picked up momentum [17].
Between 1963 and 1969, a computer engineering sequence
of four courses was introduced into the undergraduate
electrical engineering curriculum, one of which was on the
required list [18].
Currently, consideration is being given to the introduction of a Systems Programming course into the computer
engineering sequence so that emphasis on in tegration of
computer software and hardware can become more
meaningful. For the longer range development of the
undergraduate curriculum in computer science and engineering, a more comprehensive and flexible undergraduate
curriculum is being studied. This curriculum is designed to
encompass three programs, each of which can lead to a
Bachelor of Science degree in Engineering. Although all
three programs have the same basic requirements in the
physical sciences, humanities and social studies, their
technical electives are different. By properly choosing
among 35 electives, a student can achieve a major in any
one of the three programs-computer engineering, software
engineering, or computer science [1'1]. It is believed that a
comprehensive undergraduate curriculum of this sort, with
35 electives and 3 alternative programs, can only be realized
in a school where research and graduate programs both' in
electrical engineering and computer and information
sciences have been well developed.
6. COMPUTERS IN BUSINESS EDUCATION
In recognition of the potential role of the digital
computer in business, the search for applications to
business was initiated, and a paper on the application of
this new device, the digital computer, to accounting was
submitted to the Journal of Accounting in 1947. It is
interesting to note that the editors rejected the paper; it
was still too early for the non-initiated to comprehend the
computer.
In 1955 a course entitled Applications of Large-Scale
Digital Computers to Business and Industrial Systems was
introduced at the Moore School; only eight years later,
business applications had been solidly launched.
In 1966 the Wharton School instituted its "Information
Systems Option" within the two-year MBA program. The
Option consists of four computer-oriented courses. In
addition to these the student takes courses in general
management and in one of the traditional professional
majors, such as Accounting, Marketing, Finance, or
Operations Management. The student thus receives training
in computer technology, management, and a professional
discipline. This combination equips a student to participate
in the design and implementation of complex management
information systems.
The first course in the I.S. Option is a relatively

traditional introductory course in computers. All students
are assumed to know basic FORTRAN programming, which
is a general requirement of the Wharton MBA program. The
course focuses on computer hardware and software and the
use of the computer in numeric and non-numeric
calculations. Some emphasis is placed on the cornputa tional aspects of management science decision models.
The principal exercise is generally a moderately complex
(i.e., 150·250 FORTRAN statements) simulation program.
Finally, the students get exposed to some of the basic
concepts of me processing.
The second course deals with the design of file
processing systems. It covers such topics as data collection
and error control, data transmission, sequential processing,
random processing, and file organization. As the principal
exercise the students design a major subsystem--recently it
has been an order entry subsystem for a supermarket. They
are responsible for all aspects of the design, including
choice of equipment. The design goes down to the level of
gross flow diagrams and the specification of file organization.
The third course in the Option covers a few
miscellaneous topics of current interest. The goal is not
breadth of coverage, but rather aims at giving the student
some understanding of work going on at the frontier of
computer sciences. Recent topics included in the course are
computer architecture, special purpose languages, operating
systems, and list processing.
The final course is designed to serve as a capstone.
Based on the solid technical background provided the
students in the first three courses, the final course deals
with the application of computers in advanced management
information systems. It provides a theoretical framework
through a discussion of general systems concepts as applied
to large organizations and to complex information systems.
The role of planning and control systems is described. The
special problems of data management and the technical
means of dealing with them are emphasized. Finally, the
course deals with the managerial steps involved in designing,
implementing, and operating a management information
system.
Approximately forty students a year currently complete the Option, and the number has been growing. In
addition, considerably more students take some part of the
four-course sequence. For example, the first and second
courses provide a good technical background for a student
not planning to devote his professional career directly in a
computer-related field.
7. COMPUTERS IN HIGH SCHOOL EDUCATION
In 1962 a pilot program held on seven consecutive
Saturdays led the University to initiate a full scale program
for high school students in computer oriented mathematics
and programming during the summer of 1963 [6]. There
were eighty-seven participants, nine of whom were high
school teachers. The success of the program led to the
similar high school programs to be held in subsequent years.
The emphasis, however, was on finding and fostering talent
in the new area rather than on spreading computer usage
into the school system. Various Moore School people have
been available, however, as advisors to the Philadelphia
School System.
8. GRAPHIC ORIENTATION AND USES

Since 1963 research in graphics, computer. animated
movies, heuristic programming and operating systems have
contributed much to the growth of the graduate program.
In 1968, a 30-minute animated film was generated by
computer in full color and sound, entitled "Electromagnetic Fields and Waves, Part I: Transmission Lines", it was a
tangible result of a study on the general properties of
computer movie making [20]. An interactive computer
system for movie production of two-dimensional objects
has been in operation since 1969. Using the DEC-338 as a
terminal and master computer, this system can employ
either the IBM 360/75 or the RCA SPECTRA 70/46 as
production or slave computers [21). The creation of a
virtual movie camera for the above system enhances
three-dimensional effects. A second 30-minute color movie
entitled "Electromagnetic Fields and Waves, Part II: Waves
in Space" is in progress. A different approach toward
computer animated IJ10viemaking involves the employment
of a problem solver known as the Growing Machine[22].
Using the inherited growth capability of the Machine and
its flexible heuristic programming means, an interactive
movie making and playback system will soon be developed
which entertains easy expansion of system capabilities and
novel data compression techniques for storing digitized
images [23].
Other graphic systems have been developed at the
Moore School for application in graph theory, for indexing
documents for information and retrieval and for textediting of files and records. The strong interest in graphics,
computer animated movies and heuristic programming led
to the introduction of a course in Artificial Intelligence in
1969 and a course in Computer Graphics in 1970.
9.

COMPUTER OPERATING SYSTEMS

Research on operating systems began in 1963 with the
design and implernention of an on-line problem solving
facility. The facility offered an on-line programming and
data handling capability with time-shared use of terminals
[24]. In 1965 investigations in data management concerning
record storage and retrieval and file processing led to the
study of file sharing and access control. In 1968 a file
system for the facility was in operation which provided
effective access control to sharable files. It appears to be
the first data management system which provides adequate
access control below and at the level of files [25]. The
study of data organization and file structure for on-line use
has paralleled the development of the file system. Recent
theoretical study reveals that the various commonly used
file structures (for example, index-sequential, inverted file,
and Multilist) are special cases of a more general one.
Furthermore, it is possible to develop effective algorithms
for processing the general structure [26). By incorporating
the generalized file structure and its access mechanism into
a data management system, the data management system
can make available a variety of me structures to the user.
Furthermore, these various structures can be processed by
the set of access routines designed' for the generalized
system. Work is currently being conducted to implement
such a data management system for a time-sharing
environment. For those interested in operating systems and
applications of system design, a course in Systems
Programming was established in 1969.
Both the curriculum and the research programs are
supported by large third-generation computers; the IBM
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360/75 at a central University Computer Center for general
use; and IBM 360/65 in the Physics Department; and an
RCA Spectra 70/46 at the Moore School for hands-on
research and development. A growing number of terminals,
small computers, and display units are scattered around the
campus with connection to either the 360/75 or the
Spectra 70/46_ Because a large number of research
programs are using the computer facility heavily, and most
of the graduate students are involved in these programs, the
majority of students receive their programming experiences
through excellent computer facilities and direct training.
10. COMPUTERS IN UNDERGRADUATE EDUCATION
At present, one of Our major concerns is the application
of all this research to education. An initial attempt is the
establishment of a computer-communication based intructional system for teaching the undergraduate electrical
engineering curriculum (27]. The novelties of this research
lie in the use of a general-purpose time-shared instructional
system for the preparation, storage, recall and dissemination of course material; in the emphasis on teaching the
general concepts which pervade the sciences and engineering instead of specialized information about individual
courses; in the practice of on-line interactions between
teacher-computer and student-computer whereby more
effective teaching of concepts can be realized and
dramatized with the aid of instant computer response for
factual information at time of inquisition; in the demand of
teachers who form different disciplines within electrical
engineering would have to work closely as a team to define,
prepare and test the concept material; and finally in the
design for flexible learning, so that students can now
interrogate, retrieve and apply course material through
better access to the course rnaterial and in accordance with
his pace of learning.
This research was prompted by the Computer Science
in Electrical Engineering Committee (COSINE) of the
Commission on Engineering Education, National Academy
of Engineering in its call for an "educational software
system" which can significantly aid and strengthen the
engineering curriculum on the one hand and by the
Engineering Concepts Curriculum Project (ECCP) of the
Commission of Engineering Education, National Academy
of Engineering in its urge for teaching basic engineering
concepts through the entire undergraduate curriculum on
the other hand.
The influence of this research is expected to change not
only the course material but also the role of the teacher
who will no longer need to recite and reproduce factual
information in classrooms since this information is readily
available from a computerized repository. Instead, he will
hopefully become the catalyst, stimulator, and commentator who masterfully guides students through the material
with full personal attention.
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2. FIRST DEVELOPMENTS
I. INTRODUCTION

I.l
In 1970, some 25 years after the first computer
ENIAC was developed in the U.S.A. and some 20 yeats
after computers were first generally available, there can be
very little doubt about the impact of this stimulating device
on the world. Woolwich Polytechnic has had computers in
use for the last 10 years and is starting the new decade with
a new system. This account is an attempt to portray the
effects of computing on the Polytechnic and its plans for
the future.
1.2
To be able to appreciate this article it is necessary to
understand the constraints within which our computing
growth has taken place and within which we are likely still
to be limited by the system of higher education in this
country. Our private and public secondary education
systems, with their faults and virtues, have hit the headlines
abroad often enough, but our further and higher
educational system is less well known. During the last
decade new universities were formed to make the total up
to 43 and recently 30 new polytechnics have been set up.
The universities' finances come via the Universities' Grants
Council, to whom the government makes a bulk grant for
apportioning amount the member institutions. This is
commonly referred to as the private sector, as the local
education authorities (L.E.A.), who are public bodies, have
no control over the finances. The L.E.A.'s and the
Department of Education and Science (D.E.S.) control the
finances of the Polytechnics and these comprise the public
sector together with colleges of education and technical
colleges. The computing requirements of the universities
have been met centrally on a scale far in excess of that
available for the polytechnics and only recently has it
become possible to envisage sums of the order of more than
fIOO,OOO for computing facilities in individual polytechnics.
1.3
There have been some 6 to 10 polytechnics in
existence in the London area for nearly 100 years and most
have been running undergraduate and postgraduate courses
and carrying out research for internal and external degrees
of the University 'of London. Some of these became
Colleges of Advanced Technology and then were transformed into some of the new universities. The others have
become the nucleus of the five new London polytechnic
groups with broad technical and industrial bases. Of these,
Woolwich Polytechnic, which will become the major
member of Thames Polytechnic, is the one whose
computing activities are being described together with its
plan for the 70's which is integrated with the other four
new polytechnics as an Inner London Education Authority
(I. L.E.A.) group.

2_1.
The first polytechnic computer, Pegasus, was
introduced in Northampton Polytechnic (now City University) in 1957 and the Woolwich Polytechnic obtained its
first computer, S.T.C. Zebra, in 1960. This is a
valve/transistor machine with drum storage of 8K 32 bit
words with paper tape input and output using a complex
machine code and an effective autocode called 'Simple
Code'. The computer centre was set up with the
enthusiastic co-operation of the manufacturers primarily to
provide teaching and research facilities for the college but
also to provide services to industry in order to pay for the
computer and to advertise its capabilities. As a start, the
college reserved the equivalent of two days per week and
set aside three days per week for industry and commerce.
The use of evenings, nights or week-ends was to be resorted
to if and when necessary. A joint College/Manufacturer
management committee dealt with general policy and
financy, while a joint technical committee dealt with the
day-to-day running. Very little experience existed anywhere
of such co-operation but it functioned very well and
fostered mutual respect between the two parties. The use of
the computer from the start was basically on an 'open shop'
principle and the 'hands on' experience has proved an
incredibly effective way of breaking down fear and
prejudice on the part of potential users, young and adult,
individuals and organisations. Naturally, the co-operation
had to be restricted to 'closed shop' for some particular
confidential work.
2.2
The co-operation between Standard Telephones and
Cables Ltd. and Woolwich Polytechnic also led to the
former sponsoring a Research Fellow to work on a
computing project originating in Germany and leading to a
higher degree for the researcher. The main individual users
were the manufacturers themselves for technical work, and
another company for payroll. In five years the agreed cost
was met from the service work and other services rendered
and the computer became Polytechnic property.
2.3
By 1963/64, Woolwich Polytechnic was using over
500 hours per annum and estimated that it would require
twice as much within a year or two. The LL.E.A. (London
County Council then) installed a Sirius machine as a
temporary measure to help out until money and a suitable
third generation machine were available. In 1965 over 2000
h.p.a. were used and, in addition, time was used on the
London University Atlas. In the first five years many
different kinds of courses were run associated with
computing. They ranged from full-time courses to part-time
and evening courses, from undergraduate to postgraduate
levels, on programming, appreciation, systems analysis, etc.,
as is shown in Table I.
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2.4
Over the last five or six years, Systems Analysis
courses were gradually developed and followed by courses
in Operational Research to postgraduate level. An outline
of the courses is shown in Table 2 and some of the relevant
syllabuses are shown in Table 3. Courses with a large
content of computing were introduced leading to honours
and ordinary degrees of the Council for National Academic
Awards (C.N.A.A.) a national degree warding body, and to
diplomas at a level a little below degree level, known as
Higher National Diplomas (H.N.D.). More recently courses
were also introduced for professional qualifications of the
British Computer Society (B.C.S.).
2.5 As the Woolwich Polytechnic system operated on an
open shop principle, everyone was shown how to use the
preparation equipment and the computing equipment and
allowed to use it under supervision and then to use it
entirely alone. The paper tape input and output was very
appropriate for students and minor staff projects and the
Zebra simple code language was simple to master, up to a
point. It was a very slow drum machine but it was
magnificent for its purpose in the early 60's. Undergraduate
and postgraduate students in all faculties were given short
courses, as were the staff and every encouragement was
given to use the machine as a tool. Those who took
advantage of the facilities became very proficient and soon
asked for facilities beyond those offered. These were given
ALGOL programming 'courses and their work was sent on
to an Atlas computer for processing. Others used the
computer little but at least had no fear of it and used
modern computers afterwards with confidence. Courses
were run for groups from industry and the professions.
School parties visited us for half-day courses at fortnightly
intervals and some schools developed sufficiently for staff
to take their schools' courses themselves. Programming
courses were run in the evenings both for our machines and
in ALGOL, FORTRAN and COBOL. Also, specialist
requirements such as PERT were catered for. The
popularisation of computing and the removal of the
mystery associated with it were our greatest achievements.
2.6
These courses, in their turn, stimulated research and
teaching within the Polytechnic for staff and students. We
acted without charge as a centre of computing for staff and
students of other colleges. The whole educational ethos of
Woolwich Polytechnic was infused with the tools available
at the computer centre and now, instead of Woolwich
Polytechnic encouraging industry staff, colleges and schools
to use a computer, the position became reversed and
requests from potential computer users had to be assigned

suitable priorities. In economic terms) the lise of our
computers for educational and teaching purposes was
inefficient, but such useage will rarely, if ever, show direct,
short term financial profit.
3.

NEW EXTENSIONS

3.1
However, Zebra was a first generation machine, it
was slow, it had inadequate storage, it could not take input
and output other than paper tape (and slowly at that), it
had no real facilities for modern languages such as ALGOL,
FORTRAN and COBOL, it could not cope with large-scale
modern industrial, administrative and commercial problems, and our students' training on Zebra could not fit
them for the existing or future computer age. We tried to
overcome some of these difficulties by simulating a card
input by means of an electronic card-to-tape converter. This
produced tapes suitable for processing on Zebra or on
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Sirius. The equipment included a card punch, a card sorter,
and a card tabulator.
3.2
We lacked multi-programming facilities and the
possibility of real time operation and we had insufficient
backing storage to permit more than a modicum of useful
work for ourselves, for industry or for our students'
projects. Our student numbers over the next five years or so
seemed likely to double and our requirements for
computing time in physical and engineering science was
likely to be trebled.
3.3
The development of courses in human and social
studies were expected to match the technological fields in
due course and our administration and library requirements
alone were making us aware of the impossibility of meeting
our computing needs with any other than a suitable third
generation configuration. Our C.N.A.A. degree students in
their industrial training third year were gaining experience
and insight into advanced new computer systems and our
fourth year projects inevitably involved computing on a
large scale system. Our facilities were obviously quite
inadequate for them. Industry in its co-operation with us
expected up-to-date consultant advice on computing and
we were inhibited by our old equipment and its old
concepts.
3.4
The success of the Woolwich Polytechnic system
with obsolete equipment was due largely to the rapid turn
round which, in spite of the machine's slowness and lack of
sophistication, made it worthwhile using it except for really
large jobs on the ATLAS at the University of London or at
the United Kingdom Atomic Energy Establishment in
Chilton. Another reason for its educational success was the
existence of an invaluable Zebra Simple Code language
which was sufficiently concise to enable short three-hour

courses to be ru nand half-hour demonstrations. Even now

l

schools and teachers wish us to retain Zebra for them. One
great disadvantage was the lack of diagnostics on Zebra,
though some was available on Sirius; on the other hand the
latter had very few software packages compared with the

former, however limited the Zebra was in modern terms.
The peripherals were 'slow' but fast enough for the purpose
at that time. The existence of a Zebra Club to which all
users belonged, proved beneficial and enabled programs and
experiences to be discussed and exchanged amongst the
members. A form of ALGOL Compiler became available

later but it was too cumbersome to make a serious
contribution nor was it completely proved. Even on this
machine we were able to run the college payroll after a
Systems Analyst and a Programmer were appoioted, but it
did take very long to run and its efficiency was adequate. In
due course, the lack of time for educational purposes
forced the payroll on to a service bureau while other
applications such as bought ledger and student records were
being prepared for a future machine.
3.5
These first generation machines required no particular air conditioning and thus few operating or maintenance staff were necessary. We were fortunate in having
very good maintenance arrangements fOJ Zebra underwritten by S.T.C. We provided a maintenance engineer who
was thoroughly trained by them and who in his turn trained
his own assistants and maintenance engineers for S.T.C.
(one from abroad) and for other colleges acquiring similar
equipment. The cost of spares and replacements was
considerably reduced by S.T.C. who also provided
engineering support. The Sirius computer was maintained
by I.C.T. under a normal contract but our own technicians

were very successful in mrrnrmsmg the number of
breakdowns requiring outside assistance. While the payroll
for another organisation was being run we had to have
standby arrangements but we only rarely called on them.
Inevitably, deterioration took place and spares for Zebra
had to be obtained by cannibalisation from another set that
we kept for the purpose. Our chief technician and his
assistant are to be congratulated on keeping Zebra (and
Sirius) going for so long.
4. THE FUTURE
4.1
In order to examine the future of computing at
Woolwich Polytechnic a working party was set up in
February 1965 consisting of representatives of all academic
departments, administration and the library. Detailed
estimates for five and ten years ahead were obtained from
each section for potential computing requirements. A
summarised outline of these needs was obtained and
reduced to basic computer requirements which were
discussed with representatives of the Mathematics Advisory
Committee. This enabled us in turn to discuss possible
configurations with the manufacturers and select the best
configuration from each of them whom we decided could
offer us suitable services.
4.2
We tried to forecast likely developments in facilities
that would be of use to our environment and at the same
time not to 'ask for the moon.' Scientific and commercial
programming were essential, and magnetic tape disc backing
were needed and card input had to be available in addition
to paper tape. On-line and off-line links were envisaged for

remote users, information retrieval for library and general
work was considered! and real-time working was examined
for process control. We were conscious of the desirability of
computer aided design, numerical control of mach inery,
computer aided instruction, graphical display etc .. but we
could not expect all these facilities within one configuration for the time being. We envisaged new courses in
Computer Science and Management Science with research
into languages and new applications. The likely mix of

commercial and scientific work should prove very efficient
in its distribution between central processor and peripherals.
4.3
Realistic appraisals of existing systems and those
under development showed that the cost of a suitable
system would be prohibitive unless priorities were assigned

and compromises made. The comparative assessment of
different manufacturers hardware and software promises
proved a difficult essay into the realms of probability.
However, the completed plans were ready and submitted to
the l.L.E.A. in 1966. We considered that rental was better
than outright purchase from the point of view of

replacement as new equipment or increased facilities were
required. By that time the l.L.E.A. realised that the sum of
money required was large and that similar sums were likely
to be called for by each of the other four polytechnic
groups to be designated. It was therefore decided to defer a
decision on the Woolwich Polytechnic proposals till an
overall plan had been considered for all five polytechnic
groups (Table 5 gives a list of the new polytechnics and
their constituent colleges.)

provision of computer facilities for London with its five
polytechnic groups and inumerable other technical institutions and schools was serious and urgent and that a
co-ordinated plan was essential. A small informal discussions group of I.L.E.A. and experienced computer users of
Polytechnics met in February, 1967 and considered the
question of future policy and the possibility of one central
computer installation. A general feeling was discernible in
this preliminary exploration that a central computer would
have to be very large to satisfy the needs of the five
polytechnics and the other institutions. There were doubts
expressed whether the computer industry had yet proven
facilities to provide the links and facilities called for. Also
the time to quantify and agree requirements, specify a

configuration and examine computer manufacturer's offers
for one computer might take longer than five tailor-made
separate computers would take. The latter might cost £
125K - 150K each and the proposed S.E. Region
Computer Centre could provide backing facilities.
5.2
A working party was set up the following month to
examine possible provisions in detail. The consensus of
opinion at the first meeting was against the installation of a
central computer because individual polytechnics would
not be educationally involved and because particular local
needs could possibly be met with less sophisticated
equipment backed by a regional computer. It was decided

to examine the separate requirements and consider them as
a whole bu t it was apparent that the five polytechnic
groups were at different stages of computer development

and experience, even though similar systems might be
needed in the long run. The varied forms of the evidence
made it necessary to devise a common
questionnaire and to determine each polytechnic's likely
requirements in two years' time (September 1969/70) and
five years' time (September 1972/73). These requirements

submitted

were ready in May and confirmed the original opinions.
Over the nex t six months the data was examined and
re-examined and reduced to the possibilities of (a) one large
central computer with data link facilities to all polytechnics
and colleges, (b) the phased network growth of a flexible
and mutually compatible system of computers, (c) localised

and independent installations at each polytechnic with
appropriate facilities to other colleges. The cost of these
systems was of the order of £1,000,000 but informed
opinion suggested that the close proximity of the London
polytechnics should lead to a cheaper integrated system to
satisfy their requirements. The figure suggested was
.£500,000 overall and, with this limitation, suggestions were
invited from a number of manufacturers. As a result of
many discussions, the working party decided in December,
J 967 that three of the
polytechnics had sufficient
computing experience to justify that a large computer, and
l.C.L. 1905E, be installed at one of these three to serve
three poly techniques in all, by means of on-line links and
that two medium computers, l.C.L. 1902S's be installed at
the other two polytechnics with similar computing
experience. The location of the large computer was decided
on geographical and accessibility considerations and on the
availability of suitable space for early installation. This
arrangement would meet the immediate- needs but the
position would have to be further reviewed: in the light of

experience, in about three years' time.
5. COORDINA nON BETWEEN THE SCHOOLS
5.1

The l.L.E.A. realised that the problem involving

5.3
The next problems were those of staffing, tackled in
March, 1968 and the fact that new models were released by
l.C.L., making it desirable to replace the 1902S's by the
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new 1902A's. About the same time the new 1904A
presented a more powerful but costlier possibility instead
of the 1905E, and the query of a single central computer
with the 1904A as basis was raised again in November,
1968. It was decided not to recommend a large central
computer with links because of the unproved reliability of
links, the inadequacy for our purpose, the need for
educational involvement with a computer on the premises,
the danger of breakdown throughout the polytechnics and
because of the lack of flexibility in evaluating future system
developments, among other reasons. At this stage, in
January, 1969 the Greater London Council Computing
Branch came into the picture with a suggestion to link all
polytechnics (and schools) to their own enhanced system,
possibly with smaller computers at the polytechnics. This
was considered but it was found not to be as suitable as' the
agreed integrated compatible 1900 system.
5.4
It took till the summer of 1969 for the final
approval of the scheme by I.L.E.A. and D.E.S. and it was
then hoped that the 1905E could be installed in January
1970 and the first 1902A possibly in April 1970. Table 6
shows the equipment and staffing for Thames Polytechnic.
At the moment, February 1970, it appears that the 1905E
could be installed at Northern Polytechnic and one 1902A
at Woolwich' Polytechnic in summer 1970. The two links to
Northern Polytechnic would follow and then the second
1902A at Regent Street Polytechnic in 1971.
6.

LAST DEVELOPMENT

6.1 It has taken two and a half years to come to a decision
and it could be three and a half years from the
preliminary meeting to the actual installation of the first
computer. This arises partly because of the ramifications of
negotiating in a large education authority and partly
because of the diverse backgrounds and computing
experience of the large educational institutions involved.
With such a time scale there is always the possibility that
the announcement of a new computer or the amalgamation
of a number of computer companies or the discovery of a
vital new process could change the whole picture. It is
rather as if one takes so long in deciding on a new model of
a car that another model appears and the whole process has
to start again. Some time Or other one has to make a
decision and then to stick to that decision.
The exercise of producing the scheme and its
6.2
implementation have led to close co-operation between the
polytechnics and once the scheme was agreed a 1905E
Management Committee was set up between the polytechnics to advise on the large computer and generally on
the integrated use. The 1905E was to provide computing
facilities for all five polytechnics in the first instance until

the 1902A's were installed and then there would remain
two polytechnics linked to the 1905E and two independent
polytechnics with their own 1902A facilities and a backup
service available on the larger computer.
6.3
The 1905E management committee has representatives of all five polytechnics to ensure that a suitable
computing service is provided to the individual colleges via
the Computer Manager of the 1905E installation. The
committee could also act in an advisory capacity to
improve the co-ordination and exchange of programming
services and courses, co-ordination of equipment requirements, organisation of users' meetings and staffing policy.
A standing sub-committee exists of the three polytechnics
with data links and other sub-committees are set up as
required. We require three years to see how this plan works
out in practice. We shall then be in a position to see
whether our estimate of the increased usage does come
about and the best way to proceed from them.
6.4
We have reservations on the need to have waited so
long for new computers. We were ready in 1965 to install
one of the existing new systems if political and financial
restrictions had not proved insuperable. Our computing
could have been advanced by five years and perhaps we
might have made some small significant contribution to the
advancement of computing generally. Nevertheless, we
made some contributions with our obsolete equipment.
With the acquisition of our new equipment we have another
chance of making a significant future effect but not by
keeping the equipment for ten years. This is an expensive
field and some way of producing the finance must be
found.
6.5
The 60's appear as a period when computers were
introduced to people and organisations and their fears of its
impact were gradually allayed. The teachers were learning
as they taugh t and had to keep up-to-date in the face of one
of the most rapidly developing industries yet known. The
association of mathematics and computing was gradually
being weakened and financial rewards were becoming
apparent even in run-of-the-mill applications. The 70's are
likely to be the period when the full use of the computing
tool will be realised, when computer scientists and other
specialists take over the teaching, when the experiments in
time-sharing, remote links, etc. will payoff, when the
man/machine balance will become more efficient and when
completely new applications of computing will become
available.
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I. INTRODUCTION
For several years computer science educators have been
discussing the merits of various contents for a first course in
computer science at the university level (e.g., see Organick
[1968]). In addition to these discussions, the conclusion
that there are many different philosophies associated with a
first course may easily be supported by the profusion of
textbooks which have appeared for such a course.
At least five schools of thought can be identified with
respect to content of a first course in computer science.
The first of these supports a course in which computers and
the application of computers are discussed. As described by
Hamming (see Orgariick [1968]), such a course should
..... concentrate on fundamental ideas which will still be
important in the year 2000." In such a course students do
not interact with a computer and do not develop programs,
although they may do a limited amount of flow
diagramming.
A second group contends that the first course should be
designed to concentrate on problem-solving techniques and,
in particular, the development of algorithm flowcharts.
Under this approach computer programming is held to a
minimum and machine concepts are discussed briefly, if at
all. Any programming done under such a course organization is usually done utilizing a procedural-level language.
This course approach is currently probably best typified by
Rice, et.al. [1969] and Forsythe, et.al. [1969].
A third school of thought advocates that the beginning
computer science student should be exposed to the
technical concepts related to the design and functioning of
computing machines. One result is that programming
instruction generally involves machine or assembly level
languages. An examination of hardware design concepts is
often interwoven with programming instruction.
Hart [1969] has suggested a fourth approach which is
quite different from the three mentioned thus far. He
proposes not offering a first course as such to non-computer science majors, but rather teaching a procedural-level
programming language to students as an integral part of a
basic course in the discipline in which they are majoring.
Hart calls this ..A Quick and Dirty Introduction to the
Computer."
A fifth school of thought combines certain of the
attributes of the course proposed
the preceding four
schools of thought. It attempts to c~rrect, however, what
may be considered to be the defici~gcies contained within
each of the above approaches. These deficiencies might be
listed as follows:
1.1 Under the first approach, the lack of an introduction to
problem solving leaves the student in a position of being
unable to use the computer. Furthermore, he probably
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will really not understand either the capabilities o}
limitations of computer systems. Thus, he will not be
able to intelligently evaluate the role that computers do
and will play in our society.
1.2 The second approach suffers from the deficiency that
the student will not be able to experience sufficiently
the implementation of algorithms on a computer and
the associated process of debugging. .Among the
consequences of this is that: (a) the student will
generally not detect all of the logical flaws in his
algorithms, (b) the student will lack the proper
motivation to pursue vigorously the solution of
problems, and (c) the student will require a substantial
amount of further study in order to prepare him to
solve problems using a computer system. An additional
deficiency of this approach is that the student will not
acquire a sufficient knowledge of computer system
concepts, many of which are relevant to problem
solving using a computer system.
1.3 Approach three has certain attributes to commend it,
but also suffers from deficiencies. First, it usually
prepares the student to solve problems on only one
machine (possibly hypothetical) thus necessitating a
possibly expensive transition to adapt to other
computer systems. Second, there tends to be an
overemphasis on details which may be important to a
computer science professional but which are of little
relevance to a casual user of a computer or of computer
output. A consequence of this detail is that the student
will be unprepared and, in fact, discouraged from using
a computer as a problem solving tool.
1.4 The fourth approach suffers from the deficiency of
treating computer science as merely programming or
something closely akin thereto. On the contrary,
computer science is much more as is problems solving
using a computer. Concepts associated with the
structure of computer systems and information structures are critical topics. A rather thorough examination
of the different classes of problems which computers
are capable of solving is also essential. These goals just
cannot be adequately achieved within the framework of
another course.
The remainder of this paper will involve an 'examination
of the structure of one university level, first course in
computer science which attempts to respond to the
deficiencies. Of course, an honest appraisal of the
deficiencies of the resulting course must also be presented.
2.

COURSE OBJECTIVES AND PHILOSOPHY

this

The broad overall objectives of the course described in
paper are: (I) to provide the student with an
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understanding of the structure of computer systems and
applications in which they are utilized, (2) to prepare the
student with the knowledge necessary for solving problems
using a computer, and (3) to develop student awareness on
the role of the computer in our contemporary society.
These broad objectives may be fragmented into subobjectives which manifest themselves in the course topical
outline which appears in Appendix A of this paper.
The pedagogical philosophy upon which the course was
based is that students learn best about computers by using
computers. In addition, an examination of basic concepts
logically precedes a study of particular examples or
particular problems.
3. COURSE ENVIRONMENT
The course was offered by the University of Houston,
Department of Computer Science as a freshman level course
during the Fall semester 1969-70 and carried four semester
hours of credit. The University of Houston is a public
institution with an enrollment of" approximately 25000
students in eleven colleges. The course is designed to service
all colleges of the University except for the College of
Engineering which offers its own basic programming
courses.

The course is required of all undergraduate business
students and may be taken as an elective by students in
other degree programs. Of the course enrollment of 1089
students, (I) 72 percent were from the College of Business
Administration, (2) 2 percent were from the College of
Engineering, (3) 16 percent were majoring in the physical
sciences or mathematics, (4) 3 percent were majoring in the
social sciences, and (5) 7 percent were from other areas of
the University.
One of the interesting characteristics of the student
population of tile course is that while the course is
designated as being at the freshman level, only 17 percent
of the enrollment consisted of freshmen. The remainder of
the enrollment broke down as follows: (I) 34 percent
sophomores, (2) 35 percent juniors or seniors, and (3) 15
percent postgraduate or graduate students. Conversations
with students explain this phenomenon in two ways. First,
tile small percentage of freshmen results because students
required to take the eourse are somewhat apprehensive and
therefore tend to postpone enrollment in the eourse.
Second, the large number of graduate students may be
explained by the fact that there are no remedial
introductory computer courses offered on campus. Thus,
graduate students seeking an introduction to computer
science must elect this course. Historically, this course has
been the terminal course in computer science for
approximately 85 to 90 percent of the course enrollment.
The prerequisite for tile course is either one semester of
calculus or one semester of symbolic logic. Since the
Department has virtually no control over enforcing
prerequisites for such a large number of nonmajors,
however, we found that only 64 percent of the enrollment
had satisfactorily completed one of the prerequisites prior
to enrolling iri the course. Among the students which did
satisfy the prerequisites, however, 71 percent had earned a
grade of A or B in the calculus course.
The computer facility used for processing student
programs was a closed shop IBM System/360 Model 44
using the WATFOR compiler. Turnaround was overnight;
jobs submitted prior to midnight were available at 0700 the
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following morning six days per week. This proved to be a
source of great frustration to both the students and the
instructors. The availability of remote batch terminals or
more frequent runs would have greatly facilitated the
computer programming phase of the course. To further
complicate matters, students were required to keypunch
their own programs and data. However, only 20 keypunches were available to students thus creating a
bottleneck, particularly at certain peak hours.
4. COURSE IMPLEMENTATION
4.1 Staffing
The strategy for implementing the eourse was constrained by tile resources which the Department could
reasonably commit to the task. During the semester under
study this consisted of three fulltime faculty members on a
half-time basis and ten graduate teaching assistants on
half-time appointments. The course time of four contact
hours per week was divided into two hours of attendance in
a large lecture section and two hours of attendance Once
per week in a recitation section. There were three large
lecture sections of approximately 350 to 400 students each
conducted by the full-time faculty members. The recitation
sections, of which there were 29, were conducted almost
entirely by graduate teaching assistants under the supervision of one of the full-time faculty members. The
graduate assistant supervision consisted primarily of weekly
meetings in which material to be discussed during the
subsequent week was reviewed and lab assignments and
related grading criteria were considered.
4.2 Course Content
The topics selected for inclusion in the course are listed
in the course outline appearing in Appendix A of this
paper. The topics covered can be segmented into the
following six categories:
4.2.1 Introduction to computer systems (includes machine
language programming).
4.2.2 Introduction to data structures.
4.2.3 Problem analysis and basic concepts of algorithm
design.
4.2.4 The Fortran IV programming language.
4.2.5 Numeric algorithms.
4.2.6 Nonnumeric algorithms.
The rationale for the above sequence of topics can be
traced as follows. First, the student should be exposed to
the basic notions of computer organization and the
distinction between and function of hardware and software.
This was accomplished by discussion and by the introduction of a simple hypothetical computer for which several
machine language programs were developed. An examination of data structure concepts followed since the
construction of algorithms assumes tile existence of data
structures which require transformation. Among the topics
considered were pure and floating-point number representation as well as the concept of linear lists and their storage
allocation.
The third topic area considered was that of the analysis
of problems and the development of algorithm flowcharts
for their solution. Algorithm flowcharts were developed for
simple problems in order to introduce basic concepts of
algorithm design including assignment, branching, and
looping operations as well as the concept of a subalgorithm.
Next the syntax and semantics of a subset of the Fortran

IV programming language were introduced as a vehicle for
implementing the algorithm flowcharts. The features
-introduced·are listed in Appendix A.
The remainder of the semester was devoted to an
examination of algorithms for the solution of problems
from a variety of applications areas. A list of the types of
algorithms examined appears in Appendix A. Those
included range from numeric algorithms for polynomial
evaluation and elementary matrix operations to such
nonnumeric applications as text analysis, sorting, and
compiler prescan,

4.3 Problem Assignments
The students were required to solve a considerable
number of problems during the semester. In the first two
topic areas discussed in §4.2, problems assigned included
writing two machine-language programs for the hypothetical computer and numerous problems involving number
conversion and the construction of data structures,
including stacks, queues, and decks.In the remainder of the- course, the students were
required to solve problems which required the development
of 24 algorithm flowcharts and 29 Fortran programs. The
problems involving the construction of algorithm flowcharts were of two types: (I) 24 problems which involved
the development of a flowchart given only a set of problem
specifications and (2) 4 problems which involved the
revision of an existing flowchart given changes in the
problem specifications upon which the original algorithm
flowchart had been based. The Fortran programming
problems assigned were distributed as follows; (I) 19
problems which involved the development of original
programs given an algorithm flowchart (which mayor may
not have been developed as a previous problem), (2) 5
problems which required the simple punching of decks
given source program listings, and (3) 5 problems which
required the revision of programs given algorithm flowchart
revisions.
The pu rpose for assigning problems which involved
simply the punching of decks given program listing was to
force the student to study a variety of input Format
statements. In such problems, only program listings and test
input data structures were provided, but no information
was given on how input data was to be punched or in what
sequence it was to be introduced. The student was forced
to determine this by "reading into" the program listing.
Problems involving the revision of existing algorithms and
programs were assigned to force the studen t to read himself
into more complex problem solutions and then revise the
algorithms given problem specification changes. This is a
rather practical exercise since often in the real world an
existing algorithm requires revision. In addition, it permits
the introduction of a rather complex problem without the
effort associated with developing an algorithm flowchart
from scratch.
An implicit pedagogical philosophy underlying the
algorithm development problems assigned was that all
algorithm flowcharts would be implemented on a computer
using test input data structures. The reasons for adopting
this philosophy are threefold:
(I) The errors in the logic of an -:i.lgorithm are often best
exposed by using a set of test input data structures
which cover relevant portions of the domain of an
algorithm,
(2) Use of the computer to detect these logical errors is a

capital intensive approach which emphasizes to the
student that computer resources are less expensive than
human resources,and
(3) Students in a computer science course expect to
communicate with a computer and usually are excited
by such interaction. Conversely, dealing only or
primarily in algorithm flowcharts is too abstract for
masses of students in a first course and fails to
sufficiently motivate them to proper levels of achievement. While the psychology involved is not easily
explained, student interaction does provide an impetus
for students in the process of learning about computer
science.
All problems assigned were obtained from the basic course
textbook by Walker et.al. [1970].

4.4 Examinations
The examinations in the course consisted entirely of
objective questions. The ·choice of objective questions was
made partially because of the virtually prohibitive task
associated with consistently grading a large number of
examinations which contained subjective questions. An
added benefit associated with objective examinations was
their amenability to statistical analysis. This permitted a
rapid evaluation of weaknesses in course instruction and the
reenforcement of concepts which required it. Obviously
one argument against giving objective type examinations is
that it does not permit testing of the students ability to
develop an algorithm flowchart given only a set of problem
specifications. This argument was overcome, however, by
the sheer .ogisttcs of the grading problem.
The questlons designed to test a student's knowledge of
algorithm flowcharting and programming concepts consisted entirely of the missing information type. That is,
incomplete flowcharts or program listings were presented
for a given set of problem specifications and the student
was required to select answers which would complete the
flowchart or program in accordance with the problem
specifications. Sample examination questions appear in
Appendix B of this paper.

5. COURSE EVALUATION
The evaluation of a course can be made using many
different sets of criteria. These range from such objective
criteria as the student drop rate to very subjective criteria as
to what the students' opinion was of computer science after
completing the course. The data used for evaluating the
course under study consisted of: (I) grades as determined
by examinations (75 percent) and laboratory assignment
performance (25 percent), (2) the results of a questionnaire
completed by the students, and (3) comments made by
students during the duration of the course.

5.1 Student Performance
During the Fall semester under study, 1089 students
were enrolled in the course for credit. Of these, 648 or 59.5
percent completed the course with a grade of A, B, C, D, or
F. The remaining 40.s- percent withdrew from the course
during the semester with a passing grade at the time of
withdrawal. Of those completing the course with a grade of
A, B, C, D, or F, the distribution of grades was: (I) 106 or
16.5 percent with a grade of A, (2) 146 or 22.5 percent
with a grade of B, (3) 176 or 27.0 percent with a grade of
C, (4) 100 or 15.5 percent with a grade of D, and (5) 120
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or 18.5 percent with a grade of F. The relatively high
withdrawal rate has been of some concern and course
revisions hopefully will decrease the size of this drop rate in
future semesters. These changes are discussed in §6. One
interesting statistic is that students completing the course
with a grade of D or better or withdrawing passing
accounted for 88 percent of the initial enrollment. The
reasons for withdrawal varied widely and ranged from
health and marital problems to the course requiring too
much work. Since no meaningful statistics were accumulated on this subject, conclusions will not be attempted on
reasons for withdrawal.

5.2 Student Opinions
One potential measure of students' opmion of the
course is the percentage intending to enroll in another
course in computer science. Of those completing the
course, 19 percent expressed the intention to enroll in
another course, 60 percent said they would not enroll, and
21 percent were undecided. Interestingly enough, only 25
percent of those indicating that they would enroll in
another course were business students while 57 percent
were majoring in the physical sciences, mathematics, or
engineering. This can be explained to some extent,
however, since the business students were required to take
this course while the science, mathematics, and engineering
students enrolled in the course as an elective.
Student responses on lab assignments were very
revealing. Ninety percent of the students were of the
opinion that too many lab problems had been assigned.
When asked what percentage of the lab problems the
students had made a serious effort to solve, 60 percent said
75 percent or more problems had been attempted seriouslv
while 21 percent of the students had seriously tried 50 to
75 percent of the lab problems, The percentage of problems
actually completed successfully was much lower. Only 34
percent of the students successfully completed 75 or more
percent of the lab problems while 25 percent were able to
successfully complete 50 to 75 percent of the problems.
Thus 41 percent of the students completed less than 50
percent of the lab problems which had been assigned. When
asked why lab problems had not been successfully
completed, the following reasons were given:
Nine percent said that there was too much difficulty
gaining access to a keypunch.
Forty-one percent stated that not enough time was
allowed to complete the assignment. One of the major
reasons for the high proportion selecting this reason was
the POOl; turnaround time mentioned in §3.
Only 5 percent thought that the problems assigned were
not interesting enough to motivate them to pursuing
their solution.
The level of difficulty (too difficult) was cited by 32
percent of the students.
Other reasons were cited by the remaining 13 percent
of the students.
When evaluating the types of problems which had been
assigned, 90 percent of the students felt that problems
which required the development of algorithm flowcharts
and programs given only a set of problem specifications
were beneficial in their learning experience. Fifty-two
percent of the students, however, held the opinion that
such assignments should be reduced in number. Problems
which required the modification of algorithm /lowcharts
and programs were considered to be beneficial to the
learning experience of 92 percent of the students. Again,
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fifty-one percent held that the number of such problems
assigned be reduced. Problems requiring simply the
punching of decks given program listings received the
support of 84 percent of the students.
Student opinion was also sought involving topics
included in the course. Material on computer systems was
more popular than was the machine language programming
of the hypothetical computer.
Pure number system concepts was relatively inpopular
while floating- point number concepts were considered
valuable. Data structure concepts were considered to be
very interesting as were discussions on problem analysis and
algorithm design concepts. Nonnumeric algorithms were
slightly more interesting to the students than were the
numeric algorithms. This latter fact can probably be
explained by the distribution of student interest in the
course. Two other interesting facts uncovered were that
only 64 percent of the students had completed one of the
prerequisites for the course and that 66 percent of the
students would prefer the discontinuance of the large
lecture sections. This last response was somewhat surprising
in that the choice given the students was either large lecture
sections taught hy full-time, professorial-level faculty or
small lecture sections taught by graduate teaching

assistants.
6. PROPOSED COURSE CHANGES
As a result of the experience gained during the Fall

semester, three significant course changes were made during
the Spring semester 1970. These changes were: (1) the
number of recitation hours per week was reduced from two
to one and the number of lecture hours per week was
increased from two to three; (2) the number of lab
problems assigned was reduced; and (3) the number of

topics covered was reduced. The balance between recitation
hours and lecture hours was shifted because a greater
emphasis on lecture time seemed to be needed. The number
of lab problems assigned was reduced in response to student
complaints and because of the inaccessibility of keypunch

machines and long turnaround time for computer facilities,
There was a reduction of approximately 40 percent in the
number of algorithm novo/charts and programs which the
students were required to develop. Four algorithm
flowcharts and four programs were assigned as bonus
problems which, if included, would have reduced the
number of flowcharts and programs done by only 25
percent from the Fall semester. One consequence of this
alteration was that the proportion of students who
successfully completed 75 percent or more of the lab
assignments increased from 34 percent to 58 percent while
the proportion completing fewer than 50 percent of the
assignments declined from 41 to 20 percent. Similarly, the
proportion of students who held the opinion that too many
Jab problems were assigned declined from 90 percent to 47

percent.
The topics included in the course during the Spring
semester appear in the course outline in Appendix C.
Significant changes include the deletion of detailed
discussion of such topics as pure number concepts and
floating-point representation. Also deleted was the examination of several algorithms for numeric and nonnumeric
problems. An addition included added emphasis on
machine-language programming of the hypothetical cornputer and the use of a simulator for simulating the

hypothetical computer. Another significant change was the
addition of material on the application of computers and
the computer and society. The students seemed to find this
material to be very interesting and it served as a useful
capstone for the course.
Another experiment which remains is offering this
course during a five week summer session using the PL/ I
programming language. Whether this course can be
successfully compressed into such a short period of time
remains to be determined.
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APPENDIX B
SAMPLE EXAMINATION QUESTIONS
Questions 1 through 5 relate to the algorithm flowchart given on
page 1 of the handout. Assume that the actual parameter value
passed for the formal parameter S is 5.000. Use three decimal places
in performing your computations.
1. The value of X during the first iteration of the loop in symbols 6
through 9 will be:
(I) 1.500
(2) 3.000
(3) 5.000
(4) 2.500
(5) None of the above
2. The value of K during the third iteration of the loop in symbols
6 through 9 will be:
(1)0
(2) I
(3) 2
(4) 90
(5) None of the above -.

3. The value of X during the second iteration of the loop in
symbols 6 through 9 will be:
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(1) 1.732

(4) DO 20 A=l.CX

(2) 2.250
(3) 1.500
(4) 1.750
(5) None of the above.

(5) None of the above

4. The value of Y computed during the second iteration of the
loop in symbols 6 through 9 will be:
(I) 1.732

(2)
(3)
(4)
(5)

2.236
2.500
1.750
None of the above.

5. How many values of Y will be computed before the condition of
symbol 7 will be satisfied:
(1) 1
(2) 2
(3) 90
(4) 3

(5) None of the above
Questions 6 through 12 relate to the algorithm flowcharts and
Fortran statements on Pages 2 and 3 of the handout. The Algorithm
represented is to input two matrices, form the product of the first
and second matrices using the subalgorithm given, and output that
product matrix.

6. If the first data card for this program contained the numbers
11020207 in columns 1·8, there would be how many data values
on the fourth data card?
(1) 2
(2) 4
(3) 6
(4) 8

(5) None of the above
7. The statement or statements which should appear at line 10 in
the Fortran program arc:
(1) DO 10 I=I,RA
10 IVRITE(6, I(3)1,(C(I,1),1=1.CB)
(2) \VRITE(6,IOJ)(I.(C(I,J),J=I,RA)
(3) \VRITE(6, 103)((I,C(I,J),.I=I.CB).I=1 ,RA)
(4) DO 10 I=I.RA
10 IVRITE(6,103)1,(C(I,1),J=I,CA)

(5) None of the above
8. The statement in line 13 should be:

(I)
(2)
(3)
(4)

SUBROUTiNE
SUBROUTINE
SUBROUTINE
SUBROUTINE

MULT(A,B,C,RA,RB,CA.CB,L)
MULT(A,B,C,RA,CA.RB.CIl,L)
MUL T(X,Y,Z,RX,CX,RY,CY,PT)
MULT(X,Y,Z,RX,RY,CX.CY,PT)

(5) None of the above
9. The statement in line 14 should be:
(1) REAL X(25,25), Y(25,25,Z(25,25)

(2) REAL X(I,I),Y(I,l)Z(I,I)
(3) REAL X.Y.Z
(4) REAL A(25.25),1l(25,25),C(25,25)
(5) None of the above
10. The statement in line 16 should be:

(I) IF(CX-RY)5.10,5
(2) IF(CX-RY)l0,5,10
(3) IF(CX-j1:Y)5.l0,5
(4) IF(X-Y)10.5,10
(5) None of the above
11. The statement in linc 21 should be:

(I) DO 20 I=I.CY
(2) DO 20 N=1.RX
(3) N=I
(4) DO 20 N=I ,CY
(5) None of the above
12. The statement in line 24 should be:

(I) DO 25 M=I,CZ
(2) DO 25 1=1.CA
(3) DO 20 A=I ,CY
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Questions 13 through 21 relate to thc flowchart on page 4 of the
handout and the following problem specifications. The problem is
to input a positive integer number represented using Roman
numerals and convert it into its conventional decimal equivalents.
The Roman numerals and their decimal equivalents are: 1=1; V =5;
X = 10; L = 50; C = 100; 0 = 500; and M = 1000. Assume that a
number input never contains more than 24 Roman numerals and
that the numerals appear in the input field left justified with a
trailing asterisk used as a delimiter following the rightmost numeral.
Furthermore, assume that each numeral is input, beginning with the
left numeral, into array elements RO), for ifil,2 ... ,25, before being
translated to their decimal equivalents and the translated values are
stored in the array elements T(i). Assume that all input numerals
will be valid symbols. Only the translated number is to bc output.
Assume that the number of numerals is always greater than 1.
13. The contents of symbol 7 should be:

(I) R(i):X
(2) R(i)+-'X'
(3) R(i)-<-X
(4) R(i):'X'
(5) None of the above
14 The contents of symbol 18 should be:
(I) T(i)-<-IOOO
(2) T(i)<-500
(3) ie-i-I
(4) ie-i-l-l
(5) None of the above

15. The contents of symbol 19 should be:
(I) T(i)-<-1000
(2) T(i)<-500
(3) ie-i-I
(4) i'e-i-tl
(5) None of the above
16. The contents of symbol 20 should include:
(i) T(n)+-(J
(2) T(l)<-{l
(3) S<-{)

(4) S-<-1
(5) nothing else should be included ill the symbol

17. The contents of symbol 21 should be:
(1) T(i):T(ial)
(2) T(i+I):T(i)
(3) i:n

(4) (l-Lkn
(5) none of the above

18. The contents of symbol 25 should be:

(I) T(i):T(ial)
(2) T(i+1 ):T(i)
(3) i:n
(4) (i-1):n
(5) none of the above

19. The contents of symbol 23 should be:
(1) S-<-T(i)-S
(2) T(i)+-'r(i)-S
(3) S<-5-T(i)
(4) S<-5+T(i-l)

(5) none of the above
20. The contents of symbol 27 should be:

(I) PUI S
(2) PUI S(i)
(3) PUI R
(4) Put R(i)
(5) none of the above

1l. If we COded the algorithm flowchart for this probleni in Fortran,
the input and format statements for symbol 2 would be (assume
R is declared as: REAL R(25):
(I) READ(5, I )N.(R(I).I=I.N)
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IV.

I FORMAT{!2,25AI)
(2) DO 10 1=1,25
10 READ(5,I)R(l)
I FORMAT(25AI)
(3) READ(5,1) R
I FORMAT(25AI)
(4) READ(5,1) R
I FORMAT(25A4)
(5) none of the above
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R.J.T. Carver and H. Grant

I. INTRODUCTION
Imperial Chemical Industries is a vast world wide
organisation made up of many divisions and subsidiaries
producing items varying from nylons to fertilizers.
Throughout this organisation there are eleven computer
installations dealing with the commercial applications of
individual divisions and subsidiaries. The largest of these
installations is operated by Central Management Services,
(CMS), a Head Office Department. It was for the
programming services section of this installation that the
program training scheme discussed in this paper was
developed.
This section, about 45 programmers strong, provides a
programming service to other Groups within CMS and to
other Head Office Departments. The commercial field,
covering the centralised ici Procedures for personnelrecords, salaries, sales/purchase ledger, statistics and pensions,
and the field of information processing, covering both management and scientific applications, constitute the major
part of the section's work. Although some of the original
programs were written in Assembler the section's policy in
these fields has been for some time to write all new work in
PL/l. Subsidiary programming services are offered in more
scientific fields, where a number of languages are used: Fortran. Kcode, Assembler. etc ..
The paper reviews the reasons for looking at programmer training, the philosophy of training adopted, the
training plan developed and its implementation, an
objective comparison with the past, results to date and
future plans.
2. INITIAL DECISION
Several factors inspired a complete review of programmer training. In the first place, as the programming section
grew larger, it was no longer possible to provide personal
tuition for trainee programmers, and it was becoming
necessary to rely more and more on the self-study training
material and training courses provided by the manufacturer.
In addition, the type of intake was changing. As part of
the Company's Senior management development programme, a number of candidates from divisions and subsidiaries
at home and overseas were being accepted for a six-month
stay in the programming section. The requirement here was
for intensive training over a, short period which would
enable them to get as much programming experience as
possible in such a short time, and to make a useful
contribution to the work of the section.
This requirement of management students was reflected
in the section as a whole, by the need to get trainees out
into the section programming efficiently as quickly as
possible. Most trainee programmers were graduates, and

after two years of programming in project teams, it was
reasonable to expect them to have become team leaders or
to have moved out to other groups in management services
in order to obtain as wide experience as possible. In this
situation it was again desirable to provide intensive initial
training which would give them the knowledge and skill
they required as programmers and also give them an insight
into the work of CMS and its role within ICI.
The system of training being used did not meet these
requirements satisfactorily. It consisted mainly of P.I.
(programmed instruction) texts and training courses
supplied by the manufacturer, supplemented by seminars
and lectures. Introduction was covered at a later stage in a
short course organised for the department as a whole, but
this was felt to be inadequate.
The main advantage of the system seemed to be that it
was economical, since the manufacturer did not charge

directly for training materials and courses supplied by
them. The possibility that these would be charged for
separately in the immediate future was an added incentive
to undertake a complete review of programmer training.

3. THE TRAINING PHILOSOPHY
1. General
The programming management of CMS felt that if
effort was to be put into developing a training plan for
programmers two basic criteria should be adopted.
Firstly thc development should use advanced training
methods; in developing a training plan the process of
training is just as important as the content. Secondly,
the content of training should reflect as much
experience as possible, from across the industry, of
programming techniques, control of programming
projects, organisation of programming departments,
ets..
To fulfil these two criteria CMS commissioned
Master Register Ltd. to help inthe development. Two
consultants were involved - Mr. Brian Blake, a leading
consultant in the field of training, and Mr. Roger
Carver, a consultant in the field of E.D.P. with
experience in programming and E.D.P. management.
2. Principles of Training
In reviewing CMS's programmer .training, and in
developing the new training, the following principles
were to guide assessment and development.
2.1 Initial training should not be looked at in isolation.
Training should be planned to fit alongside the
career path of the new entrant.
2.2 The induction process should begin on a trainee's
first day in the Company, and should extend over
several days to allow time to assimilate the
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completely new environment.
2.3 An appreciation of work in fields associated with
the job helps the trainee to see the wider aspects of
the Company.
2.4 Training should be "off the job".
2.5 Training should be planned so that the student
participates, thereby obtaining identification and
involvement with the training.
2.6 Reinforcement is the key to good training; new
information should be in small amounts, reinforced
with examples, exercises, and discussion and linked
to past knowledge.
2.7 Training should not just teach the theory of the job
but should simulate the final working environment
to give a realistic insight into the problems to be
encountered, and how they may be overcome.

3. ProgrammingAspects
3.1 At the outset it was realised that a training plan for
programmers did not just involve teaching them a
language and a few techniques of programming, but
covered a wider field, including management
techniques, planning and control methods and an
appreciation of the problems to be developed into
programs. It was, therefore, a forethought to
planning the training that a much wider field than
teaching I'Ll I would be covered.
3.2 Two principles underlying the development of the
training involved the I'Ll I can tent. pL!1 is a
language that can be used successfully without full
knowledge of all the rules and facilities. Within the
context of commercial programming, only a subset
of PLII is required. An even smaller subset is
required by a programmer at the outset of his
career. It was therefore decided that one principle
of the training plan would be that subsets of pL/I
would be taught at appropriate stages through a

programmers career.
3.3 pL/l is a large comprehensive language and has
many different methods of performing similar
functions. If training is organised as it is in the p.r.
text to teach input, output, storage, processing, and
control facilities, one after the other, eaeh faeility
being eovered comprehensively, the programmer
gets a disjointed view of the language. He also has to
learn too much before being able to practise the
actual job of writing a program, which involves all
these facilities in combination. The language should
be learnt across a broad front covering input,
output, storage, processing and control in parallel.
A little of each aspect should be learnt and used
first, and then the cyele repeated. In this way the
.inter-relations between the different facets of the
language are learnt.

4. THE TRAINING PLAN
I.

In order to base the training plan on as much
experience of programming and knowledge of training
as possible, a committee was set up to review the
development of the plan as it progressed. Some
members of this committee were working members.
The committee consisted of five persons, three CMS
staff, and the two consultants, so that there was a
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balance of experience in the fields of programming
techniques, programming management, and training
methods.
The training plan envisaged at the outset had the
following general pattern:
Stage I - Basic Training
Induction to ICI and EDp
Fundamentals of Data Processing
Basic I'Ll!.
Stage 2 - Intermediate Training
Training modules made up of more advanced but
generally applicable programming aids and techniques.
Stage 3 - Advanced Training
Modules of more specialised and advanced subjects,
plus training in management and supervision.
It was envisaged that stages 2 and 3 would be
interleaved with the programmer's work, modules
of training being taken to supplement the programmers
knowledge with new techniques as they were required.
2.
The steps undertaken to develop this training
scheme are given below:
2.1 So that the total training requirements of programmers within the CMS context are covered in full in
the training scheme, the first step to be undertaken
is to define in detail the total knowledge that is to
be covered in programming training.
2.2 Out of this body of knowledge decide on the
contents of each stage of the training as defined in
Ch.4.1.
2.3 For each stage divide this content into training
modules of a suitable size for effective training.
2.4 Define the level of detail, objectives, and contents
of these modules.
2.5 Assess existing training material and extract that
which could be used in producing the modules.
2.6 Define the training strategy in detail:
Method of presentation
Order of modules
Time for each module
Examples, Exercises, etc.
2.7 Produce the modules.
2.8 Pilot run modules and assess results.
2.9 Redevelop modules as required in the light of
experience gained in Pilot runs.
5. METHOD OF IMPLEMENTATION

I. The body ofKnowledge
The body of knowledge was defined under five
headings:
- IBM 360
- CMS, EDp Department Organisation and Procedures
- Programming Principles and Techniques
- Programming Languages
- Programming Management
Details were recorded under these headings and then
grouped in the order Basic, Intermediate, and Advanced.
Within the Programming Languages Section of the
Body of Knowledge, the Language pL!1 was analysed
and divided into Basic, Intermediate and Advanced. The
options, facilities, attributes and keywords were listed
for each of these training stages. In addition, that part

of PL/l defined as Advanced was sub-divided into
Commercial and Scientific, since it seemed useful to
isolate that part of PL! I that would be needed by a
programmer moving from a commercial project to a
fully scientific project.

planned and run prior to the commencement of the
course. This course was run by the training
consultant and helped considerably in teaching the
instructors the techniques of presentation and gave
them the opportunity to practice prior to the
course.

2. Basic Training
2.1 Form of Training
Once the body of knowledge had been defined and
tha t part to be covered in the Basic Training agreed
upon an investigation into the present P.I. texts and
courses was made to see what parts of these could
be used in the new training. It was found that very
little could be used directly without making the
training seem disjointed.
A decision was therefore made that a completely
new training scheme should be developed. Bearing
in mind the training principles already defined and
thereby the level and type of training required, it
was a logical step to decide to make the basic
training a course, full time, run by a group of
instructors and tu tors. In this way it was felt that
trainees could be brought up to the required level of
competence in as short a time as possible and that
the training principles (ch. 3 § 2) of induction,
participation, identification and involvement and
particularly the more difficult principles of reinforcement and simulation of working environment,

could be implemented more successfully.
2.2 Development of Course Contents
The implementation of the initial pilot course had
to be somewhat rapid as an input of trainees was

planned eight weeks ahead and it was desirable that
these students were trained under the new scheme.

The load of development work for the basic course
was spread among existing experienced members of

CMS. As a communication aid, a form was designed
(fig. 5.1). The course coordinators, that is, the EDP
consultant together with the CMS Programmer
Training Officer, completed one of these reference
sheets for each session of the course. The details
covered objectives and an outline of the content.
The outline specifically covered points of overlap
and compatibility with other sessions and useful
references to manuals and other training literature
were stated in a column provided. When session
notes, handouts, exercises and visual aids were

complete, the additional details at the bottom of
the reference sheet were inserted to aid the filling
and copying of course papers.
In the pilot course, the person preparing notes
for a session was generally also allocated to take
that session on the course. However, as the course is

developed, these sets of reference, notes, handouts
etc., will be n1ade comprehensive enough for any
experienced person to take the session in the future.
2.3 Session Instructors
In the basic course it was planned to use
members of CMS programming staff to instruct on
most of the sessions.
In order to ensure that the sessions were well
presented and to give the instructors as much help
as possible in undertaking this task, particularly as
the majority had little experience in teaching, a
course

to teach the instructors to instruct was

3. Intermediate and Advanced Training
3.1

The plan for this part of the traimng was for
modules of training material to be used for
self-training by programmers, linked with discussions with a nominated tutor who was experienced
in the particular subject.
To implement this concept the sections of the
body of knowledge detailed in Ch. 5.1 pertaining to
intermediate and advanced training were analysed
and divided into acceptable training modules. In
addition, in order to obtain the opinions of all the
existing programming staff of CMS and to use the
available experience to the full, a questionnaire was
sent out to all programmers orl which they
completed details of their own training needs and
the needs of their subordinates. From this additional information extra modules could be added
as seemed necessary, and also some measure of the
relative urgency of each module was obtained. The
final decision as to the order of implementation and
inclusion of modules was undertaken by a committee of training and programming management
staff.
3.2
In the design and implementation of these
modules it was important that two major aspects of
design were fully satisfied.
Firstly, the module form and layout must be
standard.
This ensures that all staff regularly making use of
modules become familiar with the structure, and do
not have to learn this each time, in addition to
learning the content.
Secondly, the modules should be compatible
and cross referenced. No gaps in knowledge should
be left between the contents of two modules, nor
should modules overlap excessively if they are both
to be used by the same personnel. In order to
ensure these requirements were satisfied, a module
co-ordinator was appointed responsible for ensuring
that the module training produced a smooth and
complete set of information.
3.3
The actual contents of each module obviously
had to be produced by personnel well versed in the
particular subject. To achieve this the module
development was allocated to CMS staff with the
relevant experience, the draft version being edited
by the co-ordinator to ensure compatibility. The
tutor nominated in most cases was the original
author. This had the advantage that the tutor was
not only experienced in the particular subject but
also fully familiar with the module content.
3.4
The structure designed for use in developing the
modules covered sections as follows in the order
stated:
Purpose and Introduction
Scope and Objectives
Target Time
Pre-requisites
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Materials and References
Tutor
Student Text - Text and Diagrams
Examples and Exercises
Exercise for Evaluation.
3.5
One of the training principles was that training
should be 'off the job', (Ch. 3 § 2.4) and this is
how these modules are used. As each programmer
progresses and moves from one project to another,
his training needs for his new project are discussed
by himself, his supervisor and the training officer.
Appropriate modules are agreed upon and
undertaken before his new project is started. This
means he can learn without the distraction of other
commitments, and in addition the subject learnt is
immediately relevant to the next programming task
to be undertaken.

4. PersonnelRecords
In Ch. 3 §2.1 we stated that 'training should be
planned to fit alongside the career path of the new

entrant'.
It was felt that this principle was really worth
implementing since training that is given when truly
required, and that is known to be a definite part of a
department's policy, helps the loyalty of staff to
increase and generally raises morale because of the
feeling that the Company is doing its utmost to develop
its staff to the full.
A staff training record sheet was designed (fig. 5.2).
One of these is held by the training officer for each
programmer in the section. All training undertaken is
recorded and, as already described (Ch. 5 § 3.5),
training for individuals is assessed at each project or
program change.
6. COMPARISON WITH PAST

I. Training Time
Under the old system, initial training lasted 10-12
weeks. By concentrating effort over a fixed petiod with
clearly defined objectives, it was decided that the basic
course could be completed in 5 weeks, at the end of
which a trainee would be ready to join a project team.
Working to deadlines in the project work, which formed
a substantial part of the basic course, students
experienced the time constrain ts which exist in the
normal programming environment, and also felt the
sense of achievement which concentrated effort
towards a specific goal provides.

2. Knowledge Gained
2.1
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In the past, programmers who had learned PL/I
using the P.1. text estimated that in practice they
used only about 40% of the PL/I taught. Also
because the P.1. text treated each aspect of
programming separately, (see Ch. 3 § 3.3), it was
necessary to complete the entire course before
submitting a program, and this was a source of
frustration to students. On the new basic course, a
small subset of PL/1 was taught as early as the
second day, and students had a small program
written and working by the fourth day.
Apart from the small PL/l subset mentioned
above, the first week was mostly taken up with

induction. In the next four weeks, induction
continued, but the course was largely organised
around a typical commercial programming project
- a suite of programs to validate data which was
then used to update a sales ledger, and to select
records from the master file, sort them, and print
them. Students flowcharted, coded, tested, and
documented three of the four project programs,
each successive program requiring a greater subset
of PL/I, so that by the end of the project they had
learned a sound basic knowledge of PL/l on which
the modular system would allow them to build.
Programming under the supervision of tutors who
were -practising programmers, students quickly
picked up standards of flowcharting, coding and
documentation, so that they learned good practice
right from the start.
The basic course was thus designed to meet
CMS's particular requirements. Students joined
programming teams well prepared to be effective
programmers, fully conversant with the section's
programming standards, and having an appreciation
of the applications they were to be involved in, and
the Company they were working for.

3. Manpower and Costs
3.1 An apparent disadvantage of the five-week course is
the manpower required to execute it. For the pilot
run, instructors had to be trained, and session notes
and visual aids prepared, and every time the course
is run it requires a lot of effort from instructors and
tutors.
3.2 There are, however, valuable by-products. For
example, involving members of the section in
preparation and implementation of the course
helped to give them a better understanding of their
subject. And people who came from other sections
in CMS invariably jumped at the chance to assist in
the induction side of the course by describing the
work they were involved in. The very fact that we
were interested in their work proved to be helpful
in establishing relations across group barriers. A
particularly valuable aspect of the pilot course was
the interchange of ideas and crystallising of
thoughts on CMS, PL/l, standards, and so on,
which resulted from the process of formally
defining the knowledge and skills required be a
programmer, which was described in Ch. 5 § I.
3.3 A cost analysis was undertaken assuming an intake
of fifteen trainee programmers every year. It
showed that the costs of operating the new scheme
compared with the old scheme were about the
same. But the new scheme had two major
advan tages.
3.3.1
A programmer becomes available to the
section in five weeks intead of ten, and
the time spent on studying modules
subsequently is not greater than the
amount of time he would have spent
consulting manuals and seeking advice
from experienced programmers if his
training had been less rigorous. Thus we
gain five programmer-weeks per trainee, a
total of 75 programmer weeks per

annum.

3.3.2'

The students on the course benefited from
learning in a group, worked enthusiastically, and quickly got to know instructors,
tutors and other people from the department involved in the course.
They experienced no difficulty in making
the transition from formal course learning
to working on a project team, which
certainly cannot be said of trainees who
have learned from P.I. texts.

7. CONCLUSIONS - THE FUTURE

1. Basic Course
The initial results of the basic course have been
encouraging. Without exception, students on the pilot
courses expressed their appreciation of the course. All
of them were enthusiastic about the thorough induction, and they appreciated the opportunity to start
writing programs very early in the course. They
benefited from learning in a group and, by gaining
experience as well as knowledge of the job they were
expected to do, the transition from formal training to
the normal situation was made easy.
Future courses will be run for groups of 6 to 10
trainees, since this is felt to be the ideal number of
students on such a course. It is a small enough group to
allow sessions to be informal and thereby effective, and
yet it is large enough to make it worthwhile inviting
people from all levels in the department to participate in
the instruction. This means that trainees can get to know
key people in the organisation at an early stage,
and that information is presented logically in a more
organised fashion than would be economically possible
with several smaller groups of, say, 2-3 people.
All of the students on the pilot course were agreed
on two suggestions for future courses. Firstly, they said
that standards should be more rigidly enforced from the
beginning. The ideal time to introduce standards is
when people feel they are helpful. Standards are not
always regarded in this light when they are taught at a
later stage after people have got into their own ways of
doing things. Secondly, they felt that programming and
induction should be integrated throughout the entire

five weeks. This confirmed our feeling that induction is
not something special to be taught in a separate course.
It is an integral part of a continuing process of getting
to know a new environment, and it is particularly
important in any training programme for new entrants.

2. The Modules
After the basic training is complete, the trainee
becomes an assistant programmer on a project. As he
gains experience he becomes more capable of deciding
his own training requirements, and in collaboration
with his programming supervisor and the training
officer, he can draw up a target list of modules to be
studied. These will be entered in his training plan in the
training register (fig. 5.2) and as each module is
completed, he records the fact on the register. An
external check that the module has been fully
understood is provided by the evaluation exercise,
which has to be submitted to the tutor. The fact that he
is controlling his own development as a programmer is
an added incentive to progress.
The system of modules also provides a ready made
framework for keeping training up-to-date. Further
modules can be added to the system as new training
needs are identified for example, when new topics of
the language or the operating system are introduced.

3. Instructors
It has always been recognised that one of the most
effective ways of consolidating one's
teach it. In the new system there are
benefits to the instructors, tutors.
modules, as there arc for the people
helping to train.

knowledge is to
perhaps as great
and authors of
whom they are

4. The Future
It is our firm belief that the system we have
outlined in this paper allows and encourages people to
be as effective as possible, both as individuals and as a
section, by developing each member of the section to
his maximum. We see this not as a static development,
but as a continuing method for keeping training up to
date and maintaining morale at a high level in the
section.
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COMPUTER

SECURITY

ADMINISTRATION
Edward R. Coady

1. INTRODUCTION

How many computer systems administrators have
claimed their individual systems and operating environments contain a unique group of applications? I suggest the
majority answer "yes.~' The "slow-down" in implementing

the new generation of computer systems is implied in this
answer. The dilemma that many administrators are
confronted with in the conversion from second to third
generation systems is rooted in the effectiveness of the
educational process or lack of it.
This paper will cover the United States Social Security
Administration's data processing system, in general terms;
the

recruitment,

selection

and

training of computer

programming and operating personnel; and a look to the
future and the roles of computer personnel and the
education they will require.
2. THE SOCIAL SECURITY DATA PROCESSING SYSTEM
The mission of thc Social Security Administration is to
administer a broad social insurance program for over 200
million Americans. The Bureau of Data Processing and
Accounts which is headquartered in Baltimore, Maryland
maintains the earnings history for each person who is
assigned a nine digit social security account number. These
earnings records are kept so that when it is time to
determine a person's eligibility for benefits and his benefit
amount, his complete earnings history is available. To
perform these data processing tasks we have 50 computer
systems and supporting peripheral equipment and over
1200 computer personnel to program and operate these
systems. I will briefly discuss the major EDP activities to
provide an overview for recruitment, selection, and training

of computer personnel at Social Security Administration.
Our social insurance program provides financial protection for the retirement, disability, survivors and health care
of the participants in the program. Because of broad scope
of this program, the use of automatic data processing
systems have been an integral part of our activities since the
beginning of the Social Security program in 1936. We made
extensive use of sorting, collating, tabulating and calculating equipment from 1936 to 1955. In 1956, we installed
Our first EDp computer system, an IBM 705 II. Today, we
have more than fifty systems: IBM 360-65, 360-30, 1410;
RCA SPECTRA 70-35, 301 and; STROMBERG CARlSON
4410's. Additionally, we have a nationwide telecommunications system which provides the linkage to over 600 Social
Security offices throughout the United States.
The major responsibilities of the Bureau of Data
Processing and Accounts can be classified as follows:

A. The establishment and correction of the social security
record - over 250 million names with the related
account number and date of birth information are
maintained in these files. The files are kept on magnetic
tapes and microfilm for both computers and clerical
reference. Name changes due to marriage, corrections to
dates of birth and years, changes of sex are maintained
in these files.
B. The maintenance of the earning history record - four
times a year earnings data is received from over 6
million employers. This data is sorted, balanced and
posted to the individual social security account so that
when future references are made a complete earnings
history is available for benefit computation or other
purposes.
C. The computation of the benefit when retirement, death
or disability of a participant in the program occurs a
search, by computers, is made of the earnings history
file and upon locating the related amount, thc
computation of the appropriate benefit amount is
made.
D. The maintenance of the beneficiary record - once
monthly benefits are begun a continuing updating of
mailing address data, benefit amount changes and
preparation of the monthly benefit check are performed. Over 25 million beneficiaries are now on our
roles and approximately 20% will move to a new
residenee every year.
E. The maintenanee of health insurance records beneficiaries may voluntarily choose health insurance
protection in which case transmission and related
computer processing is performed in conjunction with
private insurance companies.
In support of these functions, the Bureau has
approximately 9,000 employees. Of this number, over 1200
employees are directly engaged in EDP activities. In
calendar year 1968, over 7,000 different computer
applications were processed.
We maintain a magnetic tape library of over 160,000
reels and process approximately 5,000 reels a day. It is not
uncommon to proeess a file of 800 reels in one computer
application. For example, in the health insuranee operations, over 800 reels are proeessed each day to locate data
coneerning claims for social security health insurance
benefits.
3. THE RECRUITMENT AND SELECTION OF COMPUTER PERSONNEL

3.1 Recruitment Policies
The identification and placement of personnel in
computer positions has been a diffieult procedure beeause
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of the unique aptitude and education that are needed for
this type of work. Generally, employees who understand
the goals of the organization and have the mental vitality
and imagination as well as physical drive to u.e these skills,
will develop into outstanding computer people. At the
Social Security Administration, it has been a well
established policy to fill job vacancies from within the
organization, provided the available employees' qualifications are at least equal to (hose candidates from outside the
organization. This policy, plus the acute shortage of
qualified computer personnel from the outside had led us
to the conclusion that computer personnel have to be
selected from within the ranks of the existing work force.
There is also the realization that an understanding of the
Administration's operations is of significant benefit to
those ultimately selected and trained. Our experience
summarized on this point reflects that approximately
two-thirds of the 1200 people selected for the formal
training program since 1956 were recruited from our own
ranks. The remainder came from applicants with high
aptitude test scores on the Federal Service Entrance
Examination (FSEE). These applicants generally are recent
college graduates with no prior work experience. I will

training and self development related to the position to be
filled, participation in the incentive awards program and
other outside activities. Eaeh of these eriteria is given a
numerical weight and all applieants for the position are
arrayed by the total score. Depending upon the number of
positions to be filled, five to ten employees for the first
position and two for each additional position would
comprise the best qualified group. From this group, the
selecting offieials may ehoose the best qualified employee.
For example, for an announcement for twenty. position
vacancies for which hundreds of employees would apply, a
list of forthy-eight best qualified candidates would be
prepared for the selecting offieials.

discuss the recruitment and education of these two sources,
separately, since they each have some interesting characteristics.

f. other related outside activities
5%
Within each element, appropriate weights are also given.
For example, the employee appraisal covers twelve

3.2 Linkage between Recruitment and Training
The recruitment system. from either source. our
existing work force or the Federal Service Entrance
Examination applicants identifies those employees who we
select to attend a comprehensive training course. There is a
phasing-out process associated with the training course
which will be discussed in detail later. Following the
training course. the trainees are put under the aegis of a
formal training agreement which allows for accelerated
promotions. The total training period is 78 weeks from the
beginning of the classroom phase until the final certification as a journeyman programmer or operator. The Sameset
of recruitment. selection and training procedures apply to
the computer operations specialists, except that our
recruitment for operations personnel is limited to within
the organization. In essence, thcn, we have three phasing
out points; those who do not measure up to our basic
recruitment criteria: c.g.. those who score low in the
aptitude test. those who arc phased out during the training
program, and those who do not measure tip during the
on-the-job training phase.

3.3 Internal Recruitment
The reasons most frequently given for recruiting from
within the organization are the shorter training time and
the better quality of job performance when there is
established understanding of the internal operating procedures. The effect on morale from within the organization

may also be considered as an advantage to this means of
recruitment.

3.3.1 Internal Recruitment Procedures
Most of the positions at the headquarters of the Social

Security Administration are covered by 'a merit promotion
plan. This plan generally provides for the identification of
the best qualified employees for an individual position. The
selection criteria consist of: an appraisal of the employee's

performance, an aptitude test score, related experience,
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3.3.2 Elements and Weights Used in Internal Computer
Position Selections.
On a pereentage basis, the selection elements are
weighted as follows:
a. employee appraisal
38W·
b. computer position aptitude test score
3590
c. related work experienee
12%
d. training and self development
7%

3%

c. incentive awards

characteristics related to job performance; some of these
characteristics are not relevant to computer work, hence
they are not used or are given less weight than others. This
is also true within the aptitude test score element; a higher

test score would be given a corresponding heavier weight.
To illustrate this point, the following list is breakdown

of each element and its weight:
a.

.
employee appraisal
Points within each rating category
Meets
Standard

389f

Above
Standard

Outstanding
Quantity of work
accomplished
2
4
7
Quality of work
4
7
Initiative
2
4
7
Resolution of
problems
3
6
10
Working with others
I
2
5
Adjustment to new
methods or work
pressures
2
4
7
b.
computer position aptitude test score
359;
'A' quartile = 40 points
'8' quartile = 30 points
'C' quartile = 15 points
'D' quartile = 0 points
c.
related work experienee
12%
The selecting officials will specify one or more types of
positions which would provide primary and/or secondary
knowledges 'and abilities relevant to either the programmer
or the operator position. A minimum of six months

experience in a specified area must be shown for points to
be given. For the programmer position the
relevant experience would apply;
I.
Primary experience - JO points
3.

programming experience

b.
c.

systems analysis experience
operating computer system (eonsole)

following

2.

Secondary experience - 5 points
a.
b.

operating computer system equipment
operating and wiring of punch card system
equipment (EAM)
(card punch operation excluded)
For the computer system console operator the following
relevant experience would apply:
a.
programming experience
b.
operating computer systems
2.
Secondary experience - 5 points
a.
operating peripheral computer equipment such
as: magnetic tape or card reader devices
b.
operating
telecommunication
system
or
punched card system equipment (EAM)
d.

training and self-development
1.
high schoolgraduate or equivalent
2.
each year above the high school level

e.

incentive awards
1.
superior work performance
2.

7%
2 points
I points
3%

suggestion award where relevant to aptitudes and
abilities desired in computer positions

f.

other related outside activities
55%
J.
instructing in computer related subjects
2.
active membership in professional organizations
3.4.External Recruitment
Since 1966, we have recruited computer personnel from

outside sources. A small number of computer managers and
programming specialists have been recruited because they
have specific computer backgrounds and experience. For
example, the senior executive who is responsible for the
total data processing activity in the Administration came to
liS from NASA, our national space agency. Programmers
possessing specific higher level language skills and/or
extensive software development experience have been hired
since the advent of the third generation computer systems.
For entry-level computer programming positions, we
have recruited through Federal Service Entrance Examination procedures. This process, generally provided us with
young college graduates with little or no work experience
who score highly in general abilities aptitude test that
measure vocabulary, reading comprehension and quantitative reasoning skills. It is used by most federal government
agencies tor entry level positions in a variety of career
l

fields.

We have found advantages in using this recruitment
source. Specifically, the fresh viewpoint these young
graduates bring to the job coupled with an aggressive spirit
to advance has made them a valuable addition to our cadre

of programming talent.

3.5 Summary a/Recruitment System
The mix of inputs for computer positions is desirable

because:
a.

internally selected employees generally require less
on-the-job training.
b. externally selected employees bring a fresh energy
source that instills a competitive spirit in the total

organization.
c.

the successful participation in an aptitude test related
to computer work is an essential ingredient in the
recruitment and selection processes. Both the internal
aptitude test and the Federal Service Entrance
Examination have been successfully correlated to the

IBM Programmer Aptitude Test, which is probably the
most Widely used and accepted test for determining
programming aptitude.
To give you an idea of the great interest of the part of
Social Security Administration employees in getting into
computer work, let me mention some data from a recent
internal selection process. Nine hundred and sixty-three
employees filed applications in response to a bulletin board
advertisement for twenty trainee programmer positions.
The selection criteria was applied to each applicant. The
applicants were ranked by total points. The twenty trainees
were selected to attend the training program. These twenty
employees had 'A' in the aptitude test, most were college
graduates, all had above standard or outstanding on all
appraisal elements and some had received incentive awards
for superior work performance. These applicants had very
strong credentials for virtually any position in the

organization.
Next, we subject the group to an eight week training
program in computer programming. It will be described in
detail, later. Our previous class data predicts that only
thirteen of the twen ty will be successful in the training
program. This provides support for those employees who
are extremely cautious in their programmer selection and
hiring practices. We are no exception.
4.

THE TRAINING PROGRAMS

4.1 Intraductal}'
Next, I will address the in-house training programs that
the best qualified applicants for computer positions are

given. There are two separate training programs; the
computer programmer training program and the computer
systems operator training program. Each training program
was developed by our own ADP Training Staff with some
assistance from the computer manufacturersin the form of
course outlines, films and other training aids. Each of the
training programs has as the core, coverage of IBM
System/360 equipment since we have eleven IBM 360-65's,
fourteen IBM 360-30's, and six IBM 7080 Systems. We also
have RCA Spectra 70 equipment but the training in
programming and operating for this equipment is handled

as an advanced form of training.

4.2 The Computer Programmer Training Program
A training program covering seventy-eight weeks is
provided for computer programming training. The first
eight weeks are formal classroom training followed by
seventy weeks of on-the-job training. The inputs to this
program are those highly qualified internal employees and
Federal Service Entrance Examination candidates. .
The formal training course has three phases consisting
of Phase I - computer programming fundamentals with an
emphasis on assembly language; Phase 11 - advanced
assembly language coding techniques and COBOL coding
techniques; and Phose III - operating system concepts and
Job Control Language techniques.
During Phase I a comprehensive appraisal of the trainees
classroom performance is made through an analysis by the.
instructor staff of doily quizzes, trainees' problem analyses
and a five hour examination on the last day of the third
week. Approximately one-third of the candidates are
phased out of the training program at this point. Internal
employees return to their former job assignments and the

outside recruited FSEE candidutes arc nssignccl to other
starr level positions.
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During Phases II and Ill, the trainees arc given problems
of broader scope and complexity. Each trainee codes
several problems for actual runs on the computer systems.
Group assignments arc also made to provide a sharing of
ideas and to stimulate the cohesive climate the trainee will
encounter on the job. Another comprehensive appraisal is
made at the conclusion of the eight weeks classroom
phases. This information and the previous work experiences
and educational backgrounds of all the trainees arc
provided the programming staff selection officials. Organizationally, we are segmented into three major programming
staffs: the major social security systems staff - earnings
record maintenance, claims development, health insurance
and beneficiary maintenance; the statistical analysis staff
and the computer technology staff. The trainees are
assigned to one of these staffs for the remainder of the
seventy weeks of on-the-job training. Trainee performance
appraisals arc prepared every three months. Promotions are
made during the training period provided there is a strong
indication of success in programming work.
Our history of using the training program as a further
screening device has been successful. Since 1955, we have
selected approximately 1200 trainees for the training
program; 580 of these are in various programming or
systems analysis positions today; 370 were phased out of
the training program or voluntarily withdrew during their
training. The remaining 250 employees have migrated to
other parts of our organization, been lured away into the
private industry sector, retired or died.
In comparing turnover rates among internal employees
we have found that headquarters employees have a much
lower turnover rate than field office employees. For
example, in the period 1959-1964, one hundred and
twenty-five field office employees were brought to the
headquarters facility for the training program, 46 were
phased out of the training program and of the 79 successful
trainees only 26 arc with us today in programming jobs.
This problem, we feel, is related to the nomadic nature of
field office employees, that is, they tend to be more mobile
than headquarters employees.
The training programs arc conducted by OUf own staff
of AD!' training specialists. The class size is limited to 30
trainees The methodology consists of a lecture-problem
solving sequence which provides sufficient time for
instructor-student counselling and assistance, The manufacturer's manuals are used for reference by the trainees,
Several problems in each language are compiled and
analyzed during the course.
Following the training course, a seventy week on-thejob training phase takes place. During this period the
trainees arc evaluated on progressively more difficult
programming assignments. The elements used are in the
periodic evaluation are:
a, ability to absorb and retain information,
b. originality and creative imagination,
e. analytical ability,
d, thoroughness,
e. initiative,
f. industry,
g. working with others,
h. oral expression, and
written expression.
Even after this refined system of selecting programmers
we have a few trainees that cannot cope with the rigors and
frustrations associated with programming work. These
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employees are phased into other staff or administrative
positions.
The complete program for the selection, training and
promotion of programmer trainees is authorized by a
training agreement between the Social Security Administration and the United States Civil Service Commission. This
agency provides the guidance for the entire federal civil
service in personnel and salary administration areas.
The salary scale in the training program starts at $7,639
and leads to a maximum salary of $13,389 at the
journeyman level after three years. Advances at 'one year
intervals to $9,320, $11,233 and $13,389 are automatic
provided satisfactory job performance criteria arc met.
Beyond the $13,389 level, competitive promotional
procedures apply for positions leading to executive level
positions at the $21,589 salary level.

4.3 The Computer Systems Operator Training Program
As I mentioned previously, the recruitment and
selection plans of computer systems operators involves the
same processes as we have for computer programmers. The
basic difference in the two plans is that we recruit all of our
operators from within the organization. To reiterate our
selection system, a specified number of computer systems
operator positions are advertised on the bulletin boards.
Employees who reply to the announcement are arrayed by
their test scores, performance appraisals, work experience,
etc. Approximately twenty employees from the best
qualified group are selected to attend a three week
computer systems operator training course. The COurse
content consists of: concepts of computer systems,
operational procedures for two large scale systems, the IBM
7080 and the IBM 360-65 and operating systems concepts
and procedures. At the conclusion of the trainingcourse, a
comprehensive evaluation is prepared by tile COurse
instructor On all trainees. Approximately 20% of the
trainees are phased out of the training program at this
point. The successful trainees next are given a seventy-five
week on-the-job training program. This training prepares
the trainee to operate independently a large scale computer
system in a multi programmed environment and to
accurately assess systems messages and commands and to
direct other operations personnel in the running of a variety
of application programs. As in the programmer training
program, accelerated promotions arc made possible by a
training agreement with the Civil Service Commission. The
entry level salary for tile computer systems operator is $6,
882 with promotions to $7,639 after six months in training
and to the journeyman salary level of $8,449 after eighteen
months in training. Promotions beyond this level arc
competitive and may lead to supervisory computer systems
managers at $15,812.

4.4 Summary of Recruitment, Selection and Training
System
We agree that the testing for aptitude relating to
computer positions cannot be 100% accurate as an
instrument of prediction of an employee's future performance in computer positions. However, we feel that the
combination of rigid recruitment and selection criteria, a
comprehensive training class appraisal and a comprehensive
on-the-job training program with periodic appraisals can
produce a cadre of competent computer programming and
operations personnel.

5. THE ADP TRAINING STAFF

technical EDP school attendance.

As I indicated in the discussion of the training
programs, an essential part of this program was the use of
our own instructors in the training classes. Since our
organization has used data processing systems since its
inception in 1936, we have had the need for extensive
formal and on-the-job training programs for operation,
wiring and programming of data processing systems. We
found several advantages in using our own training
personnel in conducting the training programs rather than
utilizing the manufacturer's training courses and facilities.
First, we can incorporate our own in-house operating
procedures in the training program; secondly, we can
conduct the training at our convenience at our installation
and thirdly, we can eliminate the unnecessary emphasis on
marketing aspects which are inbred in the manufacturers
training programs. The amount of training required on a
continuing basis has justified the staff of six permanent
ADP training specialists that we have today. For example,
last year these instructors spent 5000 hours in the
classroom conducting 78 courses in a variety of subjects for
over 1200 management, programming and operations
personnel. In addition to the two initial training programs
for computer programmers and computer systems operators
we have conducted advanced courses for instruction on
FORTRAN Coding, Operating Systems Concepts and
Facilities, Disk Operating System, Job Control Language
and Report Program Generator.
In the selection of instructors for our ADP Training
Staff we used the following criteria:
1. desire to teach
2. high performance in computer programming
3. strong administrative skills particularly in oral and
written communications.

6.2 Technical School Training
The technical EDP schools have a rough road ahead
because of the complaints in the past have been that they
are fraudulent in their operations; that they are not
providing the training that is required by government and
industry; that they are machine-oriented; that each school
has a different set of entry criteria; and that the
employment promises after completion of the training are
empty. This image, I am sure will change but only after an
industry-wide code of training school standards are
enforced on this very important and useful segment of the
computer community. These standards should cover the
admission criteria, the instruction staff qualifications, the
curriculum content, and the employment potential for the
graduates.

6. TWO PROBLEM AREAS: TURNOVER AND TECHNICAL SCHOOL TRAINING

6.1 The Turnover Problem
Non-college personnel have a lower turnover rate than
college trained computer personnel. The college trained
employees tend to "follow the dollar" whereas the
non-college trained are not overly influenced by money.
They are interested in career and educational fringe
benefits, job satisfaction and company loyalty. The reason
may be that the non-college trained has to try harder in
climbing the ladder toward professional status. We have
found this true at the Social Security Administration.
Another aspect in comparing college trained and
non-college trained personnel is that the EDP course at the
college level provides very little preparation for entry into
the programming positions. We have not, up to this time,
given any significant weight in our recruitment and
selection processes to either college level EDP courses or

7. THE CHALLENGE OF THE 1970's
Certainly the need and utilization of computers in the
seventies will continue on a very steep upward trajectory.
The orbital insertion point is still a decade away. The
shortage of computer personnel will continue to be a
pestering problem. Estimates of the computer personnel
needed for 1975 in the United States, according to Dr. G.
Truman Hunter of IBM are 450,000 operators and 1.5
million programmers, analysts and managers. More career
opportunities will be offered in the computer field than any
other professional field. The entire consortium on the
educational systems, the professional societies, government

and industry leaders must attack this critical manpower
need.
Educational systems must

adjust to

the changing

academic needs of the computer community. The users of
computer systems must identify and update their educational needs and perhaps consider the permanent establishment of an in-house instructor staff dedicated to ADP
training. There must be a commitment to learn more and to

improve upon our experience of the sixties. In closing, I
believe as educators we do have our achievements in

computer education in the 1960's to be proud of. The
advancements of the computer society would not have been
so fruitful without our dedication as educators.
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HOW

TO

EDUCATE

NON-SCIENTIFIC

EDP

PERSONNEL

Christian Gram

1. SCOPE OF THE EDUCAT.ON
Programming is the fundamental of all electronic data
processing and, therefore, it is of decisive importance for
the entire computer milieu that a basic programmer's
training of high quality be established. Hence, the
Committee for basic education under the Danish EDP
Council has directed its efforts towards creating the
framework for a thorough programmer's course of broad
scope. Anyone wanting to work professionally as a
computer programmer, systems analyst, consultant, etc.,
should undergo this or similar basic training. The
prerequisites are normal high school education and here it is
noted that no previous aquaintance with computers or EDP
is needed.
In order to impart a suitably sound knowledge of, and
experience in, programming, together with a general
introduction to EDP and computer science to the student,
the basic programmer's training is a I year course. The
contents of this course are described in more detail in § 2,
and the level of the education and the aim of the course are
given an explicit formulation in two different ways: In § 3
a detailed job description for a programmer shows the type
of work he should be able to do, and § 4 contains typical
question papers for the examination following the I year
course.
Many programmers will want, and need, further general
education before specializing in specific jobs. This need is
covered by another I year course in addition to the first.
The second course is one of datamatics, and the two
together form a thorough and appropriate fundamental
education in datamatics, i.e., the computer-oriented part of
electronic data processing. The second course is also
described in § 2, and a sample question paper is given in
§ 4.
Besides programming, the courses contain a wide
variety of datamatic topics ranging from "Data transmission" to "Computers in SOCiety". The emphasis on
programming throughout the education gives the student a
solid foundation for all work in EDP, and the broad
orientation in many subjects of datamatics is needed to
solve the heterogeneous problems met in EDP. Most often
the datamatician will work independently on smaller
problems, while on larger problems he cooperates with a
specialist on the subject in question. The specialist typically with a university degree in the subject - may
perform the problem analysis and the systems analysis
while the datamatician concentrates on the more computer-oriented part of the work. Hence the datamatician is
not a systems analyst in the broadest sense of this term but
carries out many of the same jobs and, by suitable further
education, he may develop into a systems analyst in some
particular subject.

The present paper does not discuss education of
computer operators, nor education of technicians.
2. CONTENTS OF THE COURSES
The topics covered in the two I year courses are listed
below together with the duration for each topic. A more
complete description including suggested literature for each
topic is found in EDB-Radet (1969) and [1970).
The topics should not necessarily be taught in the order
given in the list but, rather, should be merged into a course
plan.
For the course of programming, it is explicitly stated
that, in order to gain sufficient practical experience, the
student must work as an assistant both in computer
operation and in programming (6 and 9 weeks, respectively). For the course of datamatics, no such periods of
practice are found in the course plan. This is because 1-2
years' work as a programmer is a prerequisite for the
course, which should give the experience needed.

2.1 One year course ofprogramming
Topic

Contents
in weeks
Boolean algebra, binary
Basic
and octal arithmetic, basic
concepts
electronic circuits, the
concept of data, the concept
of algorithm
Structure of Primary and secondary
the computer memories arithmetic-logic
unit, control unit,
IO-equipment, satellite
computer, program
ProcedureCharacter set, statement
oriented
types, the procedure
language
concept, syntax and semantics,
No.1
translation and communication
with operating system, use of
library
Assembly
Character set, syntax and
language
semantics of instructions,
address modifications, the
concept of macros, use of
subroutines and linking,
translation and communication
with operating system
Monitor and Operating system for batch
operating
processing, the concept of
system
parallel processes,
multiprogramming, time-sharing,
hardware functions, softwarefunctions for multiprogramming,
details of at least one
operating system

Duration
in weeks
I

3

3

2
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Data repreCharacter sets, data carriers,
sentation and hardware for [0 and data
conversion
conversion, control of data
conversion
Data transBasic technical concepts,
mission
hardware, data terminal
equipment, data logging
ProcedureAs for procedure-oriented
oriented
language No, I, but, while
language
the first one should be
No.2
Algol, Fortran, Cobol, or
PL/I, the second one may be
any available language
Programming Construction of
techniques
alogithms, proof of
algotihrns, modular programming,
use of libary, minimizing
storage and running time,
debugging facilities
Program and The student must learn to
system
write Operator's manual
description
and Maintenance manual for
a program. The student must
learn to use data and file

2

2

Input
programs

File
processing

Computers
in
society
Technical
English
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updating
Discussion of the structure
of some typical problems,
e.g. (I) updating of one
sequential file, (2)
simultaneous updating of
two files, only one of which is
ordered sequentially, (3)
real-time updating of master
files, (4) technicalscientific calculation
Historical developme nt,
.computermanufacturers,
service bureaux, EDP
organisations, EDP standards
If the native language of
the student is not English
and, if the course is not
held in English it may be
necessary to include a short
course in technical English,
both orally and in writing

9

2.2 One year course of datamatics
Topic

Contents

Duration
in weeks

Syntax and syntactical
Compiler
programming analysis, types of compilers,
error detection, storage

Y.i

allocation at run time and at

translation time, code
2

generation

Programming Revision of concepts,
'of operating priority and job scheduling
systems
algorithms, remote data
handling, language and algorithms
for operator communication,

measurement of efficiency, examples

Heuristic
programming
System
analysis

protection and security I

Typical
problems

6

2

descriptions, system

descriptions, and User's
manual
Choice of input data formats,
exernal data representation,
input and conversion algorithms,
exit conditions, debugging of
input programs
Basic concepts, methods of
placing records, physical
and logical structure of
storage media, sorting,
mergingon magnetic tapes,
standard sort programs, file

Work in EDP The student must work
production
as an assistant in any ADP
department
production department on the
jobs: operation of punching
equipment, operation of
computers, input data control,
run scheduling, output control
Programming The student must work as an
work
assistant programmer. A job
often consists of several
programs. The student need not
carry through the entire job in
all details but must, for at
least one program, execute all
phases of work through to a
completely debugged and
documented form.

'/3
Data base
techniques

of operating systems
List processing, games,

Y.i

pattern recognition

Phases of system analysis,
techniques of documentation,
analysis and goals, systems
design, preparation of
programming basis
Revision of file processing,
operating system and data

8

5

base structure, uses of data

Data

bases, software systems,
information retrieval
Revision of technical

transmission

concepts, interaction between

terminals and central
computers, data tele-network,
economy and design
considerations, application

1•

areas

0-1

Process
control
System
implementation

Basic concepts, numerically
controlled machines, digital
process control
Debugging and test systems,
instruction of user, restart
and recovery procedures, use
of safety copies, data
discretion procedures,
documentation standards,
updating of documentation

2

3.2 Results of work
On the basis of the description, the programmer must

Mathematical Probability theory,
descriptive statistics,
aids

numerical analysis, simulation,
queue theory, linear

Administration

programming, Critical Path
Method
Organisation, accounting,
work studies, business
machines, legislation,

3

report writing, conference

techniques, educational
techniques
3. JOB DESCRIPTIONS
In order to describe more precisely the purpose of the
education, the functions of a programmer and of a
datamatician have been set up in job descriptions. These
contain specifications of the working basis (the "input'),
the results of work (the "output"), the functions of the job
(the "process"), and some general proficiencies ("supplementary input"). The job description for a programmer
runs as follows:

be able to prepare the following programs and supporting
documentatlon adhering to accepted standards:
1. A complex of fully tested programs in accordance with
the programming basis.
2. Documentation in the form of an Operator's Manual
comprising:
I) Descriptions of the operation of hardware for each
individual program in the complex, here included
descriptions of pre-processing (punching, conversion,
etc.) and post-processing (conversion, quality control,
etc.) of data, forms used, etc.
2) A system now diagram showing the sequence of,
duration of, and relationship between the individual
programs in the complex.
3) The requirements for magnetic tapes and disc
storage or other auxiliary storage.

3.

must enable a datamatician to maintain and modify the

3.1 working basis
For each job, the programmer receives as his working basis

a description of the programs desired - a programming
basis. The description is mainly in datamatic terms and
comprises:
3.1.1 Data description:
I. The contents of input data, output data, and data in
permanent files.
2. Detailed specification of the format of input data,
output data, and data in permanent files. This may be
syntactic descriptions or complete examples in tabular
form.

programs.

3.3 Functions
Tile programmer must thus be capable of performing
the following functions:

3.3.1 Analysis in co-operation with a datamatician:
1.

.,

3. The possible variations within each input and output

field, as, for example, extreme values for numerical
quantities and minimum and maximum lengths of texts.
4.Specification of file sizes and of the quantity of input
and output and thus the consumption of paper,
magnetic tape, etc.
3.1.2 Process description:
5. Description of the data processes in the form of now
diagrams, decision tables, state tables or similar for
each program individually.
6. A system now diagram showing the sequence of, and
the connection between, the individual programs in a
complex.
7. The configuration of hardware and software, and,
particularly, the programming language to be used.
8. The desired frequency of each process for each section
of data, and, perhaps, requirements of time, as, for

example, maximum run time.
3.1.3 Reliability requirements:
9. Detailed specification of the checks wanted by the user
on input data, e.g., summation checks or control of
mutual consistency between various input fields.
10. Detailed specification of the checks to be built into the
programs for reasons of security in the information

system (i.e. as protection against operator errors,
destruction of magnetic tapes, etc.) and for the sake of
data discretion (i.e. as protection against unauthorized
mis-use of data).
II. Detailed specification of the tests required by the user,
and sufficient test data to fulfil these requirements.

Documentation in the form of a program description
including detailed now diagrams, decision tables or
state tables for each individual algorithm in the programs, description of the tests carried out. and the test
data employed. The description is to be prepared in
accordance with the EDP department's standards, and

Appropriate divisions of a program into a main program

and sub-programs and determination of the conununication between these. Special attention must be given to
utilisation of availablelibrary programs.
Choice of internal data representation whilst taking into
consideration process efficiency and the input and
output

programs

found

in the given hardware and

software configurations.
3. Specification of the tests needed for internal datamatic
reasons (these will depend on the programming itself).
3.3.2 Programming:
4. Programming of the planned program complex.
3.3.3 Testing:
5. Choice of suitable test data to supplement the external
test data mentioned under 3.1.10. and 3.1.11. above, so

that both external and' internal test requirements are
6.

satisfied.
Planning systematic debugging of the individual pro-

grams.
7.

Carrying out debugging and error correction for the
entire program complex until it works according to

definition.
3.3.4 Documentation:

x.

Preparation of documentation as described under 3.2.~.
and 3.2.3. above.

3.4 General proficiencies
In order to be capable of performing the functions
mentioned under 3.3 satisfactorily, the programmer must
have in addition to the purely technical skills in pro-

gramming, ctc., certain marc general proficiencies, such as:
I.

Knowledge of the entire computer field, including the
historical development; a general conception of the
available computers and their capacity; some of the
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bigger national installations; the most important international and national professional organisations and
some of the most important public EDP services and
organs.
2. Sufficient command of languages to master technical
native language and English both orally and in writing.
In addition, the student must have a high school
background corresponding more or less to university
entrance standards in mathematics.

Write the control cards needed for the following job:
MERGE is corrected as specified above.
The program units are compiled, but only if (i) is
performed correctly.
(iii) The programs arc run, but only if (i) and (ii) are
performed correctly.

(i)
(ii)

4.1.2 Datamatics
A computer aided instruction system

4. EXAMINATION
Both courses are followed by an examination.
4.1 Programmers

The programmers examination consists of two written
papers of 3-6 hours' duration and an oral. The following
types of problems are to be covered in the written papers:
1. Programming a small problem
2. Analysis of translation error messages.
3. Analysis of a program with a tricky block structure or a
tricky coupling between main program and subprogram.
4. Preparation of test data for a given algorithm.
S. Improvement or modification of a given algorithm.
6. Analysis of results from running a given algorithm with
given data.
7. Questions concerning basic hardware and software
concepts.
The datamatician's examination consists of a project
paper of 6-8 weeks' duration, a short written paper and an
oral. The project paper will be concerned with the detailed
specification and implementation of a smaller EDP problem
given in outline. Below follows a few typical question
papers to indicate the level of the examination.
4.1.1 Programming
Programming, problem 1
Answer the following questions thoroughly and
concisely:
a)
What is meant by variable dimension in Fortran? Give
an example of its use.
b)
Explain the difference between a closed and an open
sub-routine,
c)
What are the decisive factors of construction of test
data for a new program?
d)
Mention some methods for reducing or correcting
errors in input data.
e)
Convert the binary number 10.101 to decimal
representation.
Programming, problem 2
Magnetic tape no. 4444 contains three program units
(separated by EOF):
The subroutine PRINT, version 3, in Fortran
The main program MERGE, version 4, in Fortran
The subroutine PACK, version I, in assembly
language.
A program should be run, consisting of PACK, PRINT, and
a revised version of MERGE. The new version of MERGE is
obtained by replacing the statement with serial no. 2614 by
the statement
ACCOUNT=S
MERGE uses two job tapes, both specified as output units
(logical nos. 20 and 25), and one working tape (logical no.
IS).
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Prepare systems diagrams, flow charts, program
descriptions, instructions for the teacher, and instructions
for the pupil, for the following computer-aided instruction
system
The computer can cope with 6 pupils simultaneously,
each pupil communicating with the computer via a
terminal. Initially, the terminal is a typewriter on which
texts and questions are written, and the pupil's reply is
given via the keyboard. Later, the terminal will be
augmented with a graphic display unit on which drawings
can be shown. The system performs the following
functions:
a)
On the basis of a block diagram prepared by the
teacher a text file, a question file, and an answer file
are created. The block diagram shows the structure of
the program of instruction, and each block corresponds with an instructional unit plus the question
associated with it. The path to the next block in the
diagram is chosen on the basis of the pupil's answer to
the question posed.
b)
A pupil at a terminal calls the program of instruction
by means of the standard calling procedure. He is then
requested to give his name via the keyboard, and a
place is reserved for him in the system. Finally, the
first item of text and questions is presented to the
pupil.
c)
The program of instruction takes care of the actual
instruction in the following manner: Each answer in
the answer file (where all answers are placed by an
answer processing program) is compared with the
possible answers to the particular question and, on the
basis of this comparison, the next item of text to be
presented is chosen. The text is sent to the terminal
and the pupil administration file is updated such that
it always shows the "path" followed by the pupil.

5.

IMPLEMENTATION

The I year course of programming has been held a
number of times at different institutions with very
encouraging results, especially for the courses held at
institutions with a good computer milieu; the students
passing the examination are found to be very competent
programmers.
The course of datamatics has not yet been implemented fully, but it is hoped that the Danish Ministry of
Education will support a pilot course in near future.
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CAREER

PROGRAMMING
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BEYOND

INTRODUCTION

A_W.Hall

I GENERAL STATEMENT OF HYPOTHESES
During the course of his work as a personnel consultant
the writer has become increasingly concerned at the degree
to which he finds it necessary to select staff Oil the basic of
but few characteristics of the whole person. In advertising
and during interviews overwhelming importance is laid on
the technical expertise and general appearance, and
approach of the applicant to fill a current job as a
programmer. Growth of the computer industry being what
it is there is always pressure to fill a gap and expand staff
numbers for an instant utilization. Investigation led me to
develop the following hypotheses upon which this paper is
based.
1.1 That the development of certain techniques in testing
and interviewing have tried, and arc increasingly trying, to
isolate a few individual differences in people, which will be
predictive of high performance in the programming role.
1.2 That the greater the degree of such success in isolating
those factors the more likely, and apparently reasonable, it
is that the major objective of the employer will be to gain
an economic return on the investment in time, trouble and
expertise expended in selection, and exploit only those
factors, albeit to the full. In few professional jobs is such
'matching the man to the job' done with greater dedication,
and it is suggested, with possible disadvantages to the
individual in the long run.
1.3 That, given the current state of the labour market in
the U.K. (and elsewhere) the financial motivation of young
programmers (and potential programmers) is emphasised to
a degree which could be injurious to the future overall
development of the individual.
1.4 That Programmer applicants for jobs tend to play the
'rules of the game' and not make an attempt to sell the
whole person emphasising only technical experience.
1.5 That, given these market conditions, financial development, whilst rapid, obscures career development both in the
eyes of the programmer and the employer.
1.6 And that given the above hypotheses hold good the
'career' development in financial terms 'squeezes' that
career to a period which reaches a maximum for most
programmers at an' age which is too early and given the
emphasis on certain characteristics in the individual are
used to the exclusion of nearly all others, then
dissatisfaction which is non-financial can appear at an age
which gives cause for concern;
The secondary hypotheses are emphasised by the nature of
the general kind of individual found in 'the industry' and
are as follows:
a. That the exceedingly high labour turnover rate in
computer programming is a function of the hypotheses
stated.

b. That the idea of some form of job enlargement, aptitude
and personality development and retraining, should be
embodied in every user of computer staff.
c. That alternative career paths should be opened to all
computer staff (even if not accepted) and this can only
follow the sound introduction of techniques based upon 2
above.
d. That attempts should be made at every stage of the
career path from interview onwards (even for unsuccessful
applicants) to isolate characteristics other than those which
relate merely to producing programs, and finally.
e. That this means developing identity with the organisation rather than just with the function, and to produce an
ethic which in every way emphasises (a) career and (b)
profession in a much wider sense than the current (limited)
career path allows.
Much has been written about the effect of computers
on, inter alia 'Society'. 'the Organisation', 'the Worker',
'Government' and even 'the Housewife'. It is much more
difficult, however, to find studies of the effect of
compu ters on those most closely concerned with them ...
the programmers. The computer industry has been, and still
is, growing at such a rate that the market demand for
expertise is continuously running ahead of the supply of
such expertise. The results of this appear at first flush to be
(a) an intense concentration on isolating those aptitudes
which most signigicantly correlate with success as a
programmer; (b) more recent attempts to define those
personality characteristics required for such success and
means of identifying them at initial interview and by tests,
and (c) exploitation of those factors contained in (a) and
(b) for the financial success of the organisation and the
individual programmer.
The contention made by the writer is that the intense
use of bu t few of the individual's aptitudes and personality
characteristics, whilst making for very quick rewards in £
terms, not only atrophies many other factors which need to
be 'kept alive' if long-term career development is to be
achieved, but also leads all too often to the situation where
the programmer reaches a level of income which is out of
proportion to that which he could be earning in another
profession at his age. He is then effectively 'blocked' from
exploiting his other talents because of inability to switch
careers without severe financial loss.
2 SELECTION TECHNIQUES AND THOSE SELECTED
Whilst it
injurious to
much talent
too little, it
not applied

has been generally accepted that it is just as
the organisation to employ a man with too
for a specific job as it is to employ a man with
would appear that this concept is very often
in the computer field. Given the aura of
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glamour which has surrounded the growth of the computer
industry, and the financial rewards offered, it has been
found possible to attract to its ranks graduates from very
diverse faculties who have the necessary aptitudes, and
therein may be a root cause of many individual expressions
of discontent in the future. The organisation for which I act
is a medium-sized consultancy only and yet has and does
employ in positions at all levels graduates from such
disciplines as Mathematics, Engineering, Economics. Philosophy, Languages, Psychology and most Natural Sciences.
Peoble, these, of broad training and interests who are, if we
are not careful, going to require greater intellectual and
emotional stimulation than pure programming can provide.
The picture is not dissimilar for other organisations.
Given that the potential for computer work can be
found in such varying fields it is obviously necessary to
isolate the aptitude factors which are common. In this
sense, then, the choice is not between one discipline or
another but between similar people. At this stage the
process of developing good programmers but too few
aptitudes begins. It will be noticed that the essence of the
process is matching the man to the job. This may not be the
whole man, but for the forseeable future it is likely to be
the whole job. The techniques used are, in general, quite
sound and certainly add more information than can be
obtained at the essentially subjective interview, but do not
exclude the necessity for well designed and searching

problem as a challenging mental exercise to be tackled from
many angles, persistence in following a job through until a
programme is running efficiently, and giving attention to
detail. The factors in this formidable list can all, to a
considerable degree, be isolated by personality tests, as can
the factors which appear most desirable in systems analysts.
These are assertiveness, expedience, experimental ability,
flexibility, adverturous attitudes to work and stability.
They are not unlike those factors required in programmers
and so we may have here at least a possibility of an ongoing
career path from programmer to analyst. Nevertheless,
where the similarities do occur and ability justifies the
transition this is reached generally before the age of 30. A
career path which ends at that age can be viewed with
suspicion viz a vis the long-term satisfaction of the
individual.
The techniques are, therefore, relatively scientific and
have quite high predictive validity for success as programmers. Table 2.1, a summary of some American Statistics,
MILLER (I 969), makes the point.
Thus we appear to be able to predict within more
acceptable limits who will make a good programmer. The
matching process in complete for the job.

interviews.
It is highly unlikely that any single test will be 100 per

At this stage there appears to be no concept of a career.
The market situation for expertise in programming has led
us into the trap exposed by examining the difference
between the concepts of 'guidance' and 'selection'. The
broad objective in guidance is to produce a feeling. of
satisfaction in the individual, but in selection the emphasis
appears to be his satisfactoriness to the employer. But it
would be too much to assume that because a man is a
competent worker he is, therefore, a contented worker who
will indefinitely be satisfied with his current job's content.
We are more concerned with the employer's expectations
than with those of the employee, and this is dangerous. The
tendency to ask the question 'how well is he doing' instead
of 'at what stage of his career development is he' allows us
to avoid the issue of providing a constructive career pattern.
Really it is a matter of realising that we adopt a static
concept of occupation (perhaps because it is easier to
identify roles in this way) rather than a dynamic notion.
But people change, jobs change and work environment
changes. In the static concept we identify the current role
of the individual, we classify it in the appropriate
occupational group, define various aspects of the jobs and
its responsibilities and evaluate the man as against his peers.
Perhaps the role of the programmer does not change, but
the programmer certainly will, so that our original matching
process will eventually create distortions with effects on job
performance and employee morale. A dynamic concept, by
emphasising career, will be characterised by examining the
prospect of a sequence of positions, jobs or responsibilities
in the working life of the individual. It will not merely
allow for it, but will expect it, and if wise, will actually
promote it.

cent effective because no job ever depends upon any single
ability or apitude. This problem is overcome by the test
battery. Proper choice of tests can be carried out only by a
preceding detailed job analysis, not merely to find out the
abilities required to do the job, but also to discover the
personal interactions involved on that job, and thereby to
derive a clue about the personality required of the potential
job incumbent.. Obviously this is a static concept in that
there will inevitably be environmental changes occurring
just as there will be a tendency for the individual's
personality to change, but this invalidates the method only
in 'career' terms not in current job terms. But more of that
later.
Most computer staff users have by now produced some
list of aptitudes which are most relevant to job perfomance
and they will not be dissimilar to those produced by the
United States Department of Labour. These are general
learning ability, numerical ability, spacial ability and verbal
ability. In the U.K. the Civil Service lists the following:
Abstract Reasoning, verbal comprehension, numerical
reasoning with verbal reasoning and non-verbal numerical
reasoning with verbal reasoning and non-verbal numerical
reasoning, plus an experiment based on JOTTO and
application of a series of instructions.
Job analyses have, meanwhile, stressed certain personality characteristics as being of prime importance for
programmers. The main ones are: ability to work with
people, to work under pressure in meeting deadlines, to
work overtime readily, keenness to see a problem through,
readiness to adjust quickly to changes, viewing each
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3 WHAT ARE WE OFFERING?
RESULTS?

WHAT ARE THE

Given that entrants to, and current employees in,
computer programming are of sufficient calibre to respond
to alternative career paths, if offered, it is merely a matter
of time before dissatisfaction arises. This stems from the
nature of individual reaction to success or failure. It is,
therefore, imperative that the employer of such personnel
should attempt to understand the conditions under which a
person will experience success or failure. It is certainly not
always possible to correlate objective achievements with the
feeling of success or failure. The same achievement can
result once in the feeling of grr.at success and yet at another
time in a feeling of failure and undefined frustration. For
example, having achieved goal A and, given a person of
some ambition, aiming at goal B at a higher level, successive
performances at the level of A (even if successful) could
create a feeling of failure. This suggests that the feeling of
success (or failure) depends not so much on the achievement as such, but upon the relationship between the
achievement and the level of expectations. Certainly a
person is likely, in general, to set himself a higher goal on
the achievement of a lower one. It is suggested that just as a
person may lower his sights after failure, so may he lower
them after continued success at that level but unable to
attempt a higher goal because no outlets exist. And this
relates not merely to the 'job', for as SUPER (1953) said:
'work satisfactions depend upon the extent to which the
individual finds adequate outlets for his abilities, interests,
personality traits, and values; they depend upon his
establishment in a type of work or work situation. and a
way of life in wich he can play the kind of role which his
growth and exploratory experiences have led him to
consider congenial and appropriate.'
In theory 1110st of the recruits to programming have the
potential for some form of management position, and at
very early age they are satisfying themselves at a financial
level commensurate with lower to middle management
income. But, and here they are brought face to face with
reality, the openings at the top in data processing arc very
limited, and yet they have not acquired the skills which are
needed for general management. If they ever had them may
now be underdeveloped in the sense that training would be
required, and few employers are going to play them their
current salary for the privilege of providing them with
added education. In other words we may be producing
occupationally overtrained people.
It is the contention of the writer that the result is an
inevitable attempt by the individual to rationalise his
frustration in purely financial terms and with the great
demand for computer staff there is an inevitable rise in job
mobility. Identity with an organisation will be low and
career development in terms of self-fulfilment almost
non-existent. THE CORNMARKET CAREERS CENTRE
LTD., LONDON (1969) produced statistics which show
that computer staff expect far higher salary increases a job
change than, for example, Chartered Accountants, another
group in great demand, and they get them. But the latter
group can expect a career path which extends for many
years ahead, whereas this survey shows that for programmers salaries rise very quickly until their late twenties

when, except for the very best computer staff the rate of
increase slows dramatically. The same source also makes the
very relevant point that there comes a time when each
additional year of experience appears to add little relevance
to the value of the programmer. ..Once the basic techniques
have been learnt and perfected by practical experience, the
individual who remains a programmer or operator will make
the same contribution whether he be 25 or 35". But this is
of course relevant only to a programmer. The following
figure (3.1) is compiled from the above source and shows
current median salary at each age and amount the
programmer would like to receive in his next job.
It is immediately noticeable that not only has current
salary ceased to increase but perhaps more important,
expectations are more constrained. To what extent people
who are thinking in these terms are able to find their way
into jobs as systems analysts is uncertain. A clue might be
given by the fact that where the statistics show salaries for
systems analysts they are considerably higher than those for
programmers after the age of 30. The indications are, then,
that the people answering this survey had not been thinking
in market terms for analysts but saw themselves simply as
programmers.
The figures for job mobility indicate a lack of desire to
stay with one employer for very long. The 'Cornmarket'
returns show that between the ages of 20 and 23 about
one-third of programmers had been with their current
employer for less than one year and about the same
percentage for less than two years. In the age group 22-23
only 17 per cent had been with their current employers for
more than three vears. Whilst the desire to gain technical
expertise is obviously of great importance (23 per cent of
the sample in the previous year stated this as a main factor)
19 per cent stated that they wanted 'more interesting
work.' and 15 per cent higher pay. Nevertheless the point
has already been made that additional years of experience
become less relevant to the value of a programmer (except
perhaps just in the case of consultancy work), and it can be
hazarded that it is environmental mobility that becomes the
main factor rather than job mobility. The intrinsic nature
of the job is unlikely to change, but the seeking out of new
environments may be an expression of the desire to gain'
greater fulfilment.
4 WORKER MOTIVATION
Much has been written on the influence of intrinsic and
extrinsic motivational job components on work altitudes,
and work satisfaction and fulfilment. Where the job content
factors are involved such as responsibility, skill (and its
development) the nature of the work and achievement in
that context, it is the intrinsic components which are being
referred to. Job context factors such as income, conditions
(social security, welfare, pensions) and inter-worker reo
lationship are extrinsic components. Each of the factors
listed above is motivational in context, and an orientation
toward one or another of these types of motivational
factors indicates a desire to fulfil different sets of needs.
MASLOW (1954) suggested two forms of needs; the highest

11/417

order need which is basically the need for growth and
self-actualization, and the lower order needs common to us
all which are physiological and security and love. An
intrinsic orientation in the sense given above relates to the
highest order need whilst extrinsic orientation is desire to
fulfil the lower-order needs.
GOLDSTEIN (1940) and RODGERS (1951) produced
theories which stress the fact that people who, thwarted by
various situational variables, basic insecurity in the present
environment or personality factors, are not able to achieve
full self-actualization, therefore, re-focus their sights on
satisfying security needs (extrinsic orientation). Whilst they
may achieve the satisfaction of those needs they will not,
however, be able to achieve the same level of satisfaction as
they would have done had they had the chance to fulfil
their needs for self-actualization. It follows that they may
also feel frustration and resentment when comparing their
own inability to achieve self-actualization with the success
of their peers in other fields.
That the healthy individual needs to mature and to
develop and use his natural abilities to the fullest extent
(intrinsic orientation) is also the contention of such
eminent social scientists as MCCREGOR (1960), ARGYRlS
(1957), HERZBERG et al. (1959) and MASLOW (1954).
Other researchers such as CENTERS AND BUGENTAL
(I966), FRIEDLANDER (I 965) and BLOOM AND
BARRY (1967) add the viewpoint that the intrinsic
components are emphasised more at the higher job levels,
and from the higher educated. Such are, in general, the
people under discussion in this paper. Would the differential (on average £345 for programmers) between current
and expected salary from the next job be as high if
employers were able to offer opportunities which satisfy
the intrinsic orientation? I suspect that it would not,
particularly at the higher age and experience range.
5 A MICRO STUDY
As mentioned earlier the stimulus for this paper was the
result of my involvement in the personnel function for a
computer consultancy organisation. As part of my work I
have had the opportunity, in addition to normal interviewing and testing, to carry out a microstudy of an
organisation employing only programming consultants.
From application of the Cattell 16 Personality Factor
Questionnaire to 46 programmers, some of whom were
current staff, others accepted and rejected applicants for
jobs, it has been possible to produce an interim outline of
the kind of people under discussion. It is too early to try to
be definitive about the results (if that is even possible with
people), but some factors having decided relevance to this
paper have become noticeable. Certainly, as the representative occupational profile (Fig. 5.1.) shows, these programmers are people of whom the greatest notice should be
taken. The intelligence rating (far above national average) is
not surprising, for over 50 per cent of those tested had
good degrees. The .range of disciplines was mentioned
earlier in the paper. The profile also illustrates the similarity
of personality factors in these programmers to those factors
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also mentioned earlier which are looked for in systems
analysts. Their meaning also gives a clue to the problems we
shall be (or are) involved with if greater cognizance is not
taken of these people in career terms. They are then
generally, intelligent, assertive, happy-go-lucky but toughminded and expedient and definitely experimenting.
The assertiveness (or dominance) factor has been
positively correlated with social status and tends to be
higher in established leaders than in followers, but is not
substantially correlated with attaining leadership. Such
people are more likely to be critical of group defects
although they can show effective role interactions. In the
surgency factor (happy-go-lucky/enthusiastic) there is a
relationship with occupational groups including executives
. and directors. They are pretty effective people. That they
are expedient (in general terms) may indicate refusal to be
bound by rules and suggests less self-controlled behaviour
and a lacking in persistence. Not people who will carryon
with flimsy promises. The T factor shows them as realistic
and independent people. They are certainly more likely to
experiment in life generally and not Icast in their job. This
experimenting factor is also high in executives of most
kinds and researchers. That this picture is not far from
reality is certainly my experience and the experience of my
organisation. With few exceptions such people need
continual stimulus from their work and the promise of
challenge. The picture drawn above can be given more
substance by a brief examination of the following
'second-order factors' calculated from the overall results of
the test on the programmers. Again the point must be made
that at this stage this can be little better than a
gcneralization to add something to our store of knowledge
and to give food for thought. The four areas analysed have
each two extreme poles; they are
5.1 Low
High Anxiety;
5.2 Introversion
Extroversion;
5.3 Emotionality
Alert Poise;
5.4 Subduedness
- Independence.
Fig. 5.2 illustrates the results
Generally then our programmer is an enterprising kind
of person, quick to take action and resilient. He can make
and keep good inter-personal contacts. The stronger
elements (shared by over 50 per cent of the sample) is a
factor showing him to be independent, daring and incisive
As CATTEL's (1967) handbook on the test says about this
factor; 'He will seek those situations where such behaviour
is at least tolerated and possibly rewarded, and is likelt to
exhibit considerable initiative'. Of course we must be
careful not to talk too much in generalities because as the
figures show considerable percentages of those tested came
out at the other pole on each factor. Nevertheless there
were strong relationships between each factor which is high
and each factor which is low, except perhaps for the
anxiety rating. l leave you to consider the fact that about
one-third of all tested appeared to be showing above
average anxiety. It is my view that this was in nearly every
case a situational factor rather than one of any inherent
neuroticism. These people were, it can be noted, on

average, earning more for each age group than the figures
shown earlier.
6 A POSSIBLE APPROACH
Whose responsibility is it then to provide the climate for
career development for programming staff? The need for
computer staff is immediate, and the financial rewards are
high and quicky achieved. Both employer and employee
may have their vision clouded by these issues, whilst the
question remains of how to reconcile current needs with
the inevitable (and not too distant) problem of providing a
self-fulfilling future for the individual. Inevitably the
solution must be primarily with the employer; we cannot
expect the programmer at one end of the hierarchical scale
to provide the solution (who would listen to him? ) and it is
only passive and long-delayed action which can be the
result of government intervention. Certainly government
can intervene only on the scale of generalities, it is for the
organisation to come to terms with its own problems. How
many very good people are lost merely because they are
seen only as programmers who can, at a pinch, be replaced
rather than as integral members of the organisation in a
widersense?
Most training schemes are essentially pragmatic in the
sense that they are intended to produce people who will be
competent to do a particular job but who are not, for the
most part, grounded in an awareness, at least, of the
fundamentals of the role which they have the ability to
fulfil - that of managers, the designers of future
developments in the organisation in the widest sense. In
addition one could think of this as a problem of integrating
the programmer into the overall concept of the organisation. In this context the new examination syllabus of the
British Computer Society is worth mentioning. Although
still not operating in terms of developing the full potential
of the individual (outside the pure computer context) the
important aspect of the examinations is that they offer
specialist options in a wide variety of fields, and they
require all candidates to have a broad basis of knowledge in
all branches. This appears to be on the sound educational
premise that too narrow a specialisation will eventually
lower the individual's worth to data processing and himself.
Really, then, it is for the organisation to identify its
needs, current and for the future, and to select a man at the
interview stage not merely on the basis of the role he can
currently fill, but also on his apparent overall potential. In
other words, his aptitude for the job is not the only
cntenon. Ir should also be reasonably obvious that a man
with 'too much talent' for anything he is likely to be able
to do in the organisation, is a poor bet for long-term
employment. Where added aptitudes and personality
features are exposed then they must be recognised for the
mdlvidual's and the organisation's future development.
Certainly, the new man, particularly if he is young and
relatively inexperienced will need to fill gaps in his
technical know how, but this is not to deny the possibility
of developing to everybody's advantage his various other
aptItudes. Where, as is often the case, the individual has no

preconception about a 'high-flyer' future or anything
approaching that, then the problem is more easily resolved.
Work withing his ability in an environment suitable to his
temperament should suffice, given adequate financial
motivation. Perhaps he may get his greastest satisfaction
from activities outside of working hours.
For all other people some variation of 'management by
objectives' should give the right kind of stimulus and
results. Probably such a programme would be unnecessary
in a static company, and basic job descriptions, and
'matching the man' would suffice. In general, however,
compu ter organisations, if properly managed, have an
expanding future, and in these the fixed job description
may not only inhibit the growth of the organisation, but
also the development of the individual. It will be apparent
that these two will probably go hand-in-hand. The
management by objective approach calls on the subordinate
to establish short-term performance goals for himself. The
superior becomes involved only after the SUbordinate has
thought a great deal about the job (in its entirety), and
made a careful assessment of his own strengths and
weaknesses, and on the basis of this has formulated some
specific plans to accomplish his goals. The superior's role is
to help the man relate his self-appraisal, his 'targets', and
his plans for the period to the realities of the organisation.
In this way the man will attempt to see himself in terms of
his future and the organisation, perhaps thereby learning
something of the problems facing his organisation. Meanwhile the superior will learn much more about his
employee. All this is aided by the fact that at the end of the
'target' period the suboridnate is encouraged to make his
own appraisal relative to the targets, and in interview with
his superior he has a joint examanition and re-setting of
targets for the next period.
The advantages of such a system are; firstly, the
individual becomes an active agent of policy and not merely
a passive 'object' of policy; secondly, he will ecamine not
only his weaknesses but also his strengths and potentials
(and here good interview technique is invaluable if
resentment is not to be aroused); thirdly, there is no feeling
of coercion or manipula tion because he develops his own
potential, learns to plan into action. Here we have
identification with the goal and acceptance of responsibility. The result, one anticipates, is a greater sense of
satisfaction and self-development. Surrounding this technique, and complementing it, there should be a properly
devised training scheme, not based upon ad hoc two-day
courses, but a scheme which helps the individual develop a
genuine long-term career.
All of the above factors will have broad implications for
the organisation of the data processing or other enterprise
using computer techniques. It is not the purpose of this
paper to discuss, in detail, the 'organisation' as such, but to
deal primarily with careers. However, Appendix I illustrates
an organisational approach which has been used successfully in the context of giving flexibility to career paths,
whether as specialist computer experts, general management or service functions.
If there is any prime message to this paper it is this: The
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role of management in developing computer staff must be
an active one and not the passive one of acting in response
to market demand for programmers, because this always
leaves the organisation behind circumstances instead of
controlling the situation; we should, therefore, design for
future manpower requirements and start manpower development from the interview situation onward. In essence
know the man you want and know the man you have got.
It is the whole man who is being employed.

APPENDIX I
The chart shown is one example of an organisation well-geared to
providing flexibility in career path. Taking the 'Project Group' as
the base we have new entrants, or established members of a team..
gaining broad experience in a range of Management" Science
disciplines (from 0 & M to systems analysis and programming), with
more particularised advice coming from the 'Service Group'. The
future for people in the project group can lie in one of three
directions. Firstly. there can be movement up 'through the line' via
project leader to projects manager, that is, development in the [arm
of general management. Secondly, those seeing personal development in terms of deeperspecialisation can aim at obtaining a niche
in one of the service groups, one of the Forward Planning groups or
Organisation and Methods, for example. This 'sideways movement'
does not preclude another sideways shift, at a later date, to project
manager. Lastly, there are people who gain their satisfaction from
less ambitious, but still varied work, within the basic project group.
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TRAINING

SYSTEMS

ANALYSTS

Beryl Johnson

J. JUSTIFICATION FOR TRAINING
Is it necessary to train Systems Analysts, or is it true to
say that they should be able to acquire sufficient expertise
from their jobs, their senior colleagues and their mistakes?
Is it not sufficient to have bright young people from
within the organisation who, because they are bright, are
able to apply themselves to looking at the problems and
aims of the company? One aim of the company may be to

programming. Computer programmers certainly have
intimate knowledge of computers and the ability to use
hardware effectively. But a programmer is, of necessity,
machine orientated and is often unsympathetic to the
problems of those members of staff who are unable to
appreciate the benefits of a computer system. He is
opposed to the effort of selling himself and his system to
users. Some of the best and most experienced programmers
prefer to be left alone with their problems of machine-man

improve credit control. The accountant may instruct our

interface.

young analyst to produce a computer system which will
provide 5,000 invoices each month. With an understanding
of operational research, could our analyst, albeit untrained,
produce such a system? I believe he could. As he is bright

A systems analyst must, on the other hand, enjoy
meeting people; he cannot perform his job effectively if he
resents interviewing all levels of staff in order to determine
the exact requirements of a system. He must realise the
importance of carrying people with him, of keeping them
informed and interested in progress and he must be able to

he will almost certainly design a computer system which is

faster than manual methods and will, theoretically, improve
credit control. So, why should he require training? Why do
manufacturers recommend training and even provide a
limited amount free of charge?
There

arc several very good reasons why analysts

require training.
Firstly, although I believe our untrained analyst could
design a computer system, it will certainly not be produced
without mistakes - possibly serious mistakes. His first
mistake may well be accepting verbal instructions. Our
bright young analyst, and indeed the accountant, may be
unaware of the need for clearly defined terms of reference
or

project

assignment,

authorised

by

a senior

and

authoritative member of the company.
Secondly, he may be too occupied with solving the
immediate problem to consider actually improving the
system; or conversely he may produce a sophisticated
pre-invoicing system which the user is unable to implement.
He is unlikely to consider the problems of data
acquisition and control outside the computer room and the
implications of a computer system on customers and other
departments within the company. Will he, I wonder,
consider the need to train staff to use his computer system,
or the possibility of changing company policy?
I am not of course suggesting that training will make a
good systems analyst of a person without potential for the
job. But good training will create an awareness of the
problems involved and awaken and develop the personal
qualities required. For example, successful interviewing is
not an arcane art available only to people with innate
aptitude, but a skill which can be taught and, with practice,
perfected. Some analysts will find it easier than others but
all must develop a good interviewing technique.
How can one ensure that the right people arc selected
for training as systems analysts?
First of all it is important to remember that systems
analysis

is not

necessarily a logical

promotion

from

communicate effectively his ideas and recommendations.

There is, unfortunately, no fool-proof method of
identifying the potential systems analyst. The only thing
one can do is to select those people who are presentable
and who appear to have the necessary qualities. Talent, or
lack of it, will become evident during effective formal
training.
I think it is worth mentioning here that there are
certain prerequisites for each of the formal training courses
available. Most manufacturers have given a great deal of
thought to determining the level of knowledge required by
trainees attending each type of course. In selecting people
for training it is important to ensure that they do have the
knowledge required.
A good systems analyst is able to see both the wood
and the tree and is able to determine the difference
between the two.
In order to consider the most effective training for a
systems analyst, one must realise that analysis is only a
small part of his work.
Before a full-scale systems study is launched, the
problem area should be defined and the scope and
objectives of the project clearly specified. This is known as
the preliminary survey and is often carried out by a senior
systems analyst together with the head of the user
department. When a written project assignment has been
approved, systems investigations can begin. During this
stage, it is important for the analyst to be able to recognise
when enough material has been collected for his purpose.
He must be able to separate complaints and suggestions
about the existing system from the facts, and he must bear
in mind the four facets of any situation - the manifest,
assumed; extant and requisite situations.
Once investigations have been completed, the analyst
concentrates on analysing his findings to detect areas of
potential improvement. He then looks again at the material
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gathered and at the assignment brief that launched the
project. If all is well, new systems are designed. Steps must
then be taken to introduce the new system to staff at all
levels, particularly those who will be operating the system.
The object of preparing staff should not be merely to train
them in new procedures but to encourage their enthusiasm
to help its success.
Following acceptance of his new system the analyst will
be involved with preparation of procedure manuals, file
conversion, implementation and monitoring of the system.
2.

CURRENT TRAINING METHODS

One can say that the main objectives of a computer
systems course are to teach trainee a.ialysts the techniques
of systems investigation, analysis and design. Often
neglected but of fundamental importance are the need to
consider manual systems which in teract with the computersystem, and the ability to communicate ideas and to present
findings and recommendations in an effective manner.
Classroom methods of teaching are suitable for basic·
techniques such as statistical analysis of data (thought by
some to be the essence of systems analysis), flowcharting,
report writing and presenting facts in a clear, orderly
manner. Instruction of this kind is, however, less good in
inculcating methods of dealing with people. Trainees must
learn how to establish and maintain rapport with staff at all
levels; learn to listen; learn the importance of
cross-checking facts and the need to be aware of interacting
developments in an organisation.
Lectures and role playing exercises in the class-room go
some way towards meeting these requirements but still do
not provide sufficient training. Students often feel that
"role players" are being particularly difficult or not true to
life. Lecturers using a dead case study have the end result in
mind. They cannot avoid directing trainees to the "school
answer" and find it difficult to appreciate a solution which
is different, but perhaps equally suitable. Dead case studies
lack the impetus created by the unpredictable side of real
life. Trainees have no element of urgency in their
deliberations and they find it particularly difficult to
appreciate the need for setting targets and, more important,
keeping to them. Also, if the project is developed entirely
within the protection of a classroom there is less necessity
to produce a workable system which is not only feasible
but produces the necessary output, in a suitable form, at
the required time, to the right people.
3.

THE LIVE CASE STUDY

I believe that a live case study, accompanied by lectures
and role playing exercises, is the only reliable method of
achieving training of computer systems analysts in depth. A
live project forces the analysts to determine his objectives,
plan operations and review progress constantly, with a view
to rescheduling activities if necessary. When trainees are
brought into contact with user departments they soon learn
that recommendations which do not meet requirements do
not get accepted. They have the feeling of breaking new
ground and this encourages original and objective thought.
They work as a team under a project manager and their
progress is monitored throughout the period of training.
When introducing live projects into a systems course, the
method of training should be evaluated. It is no longer
sensible to confine lectures to the first two weeks of a
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four-week systems course, leaving the last two weeks free
for active project work. In a live face-to-face situation, the
progress and outcome of which cannot be determined in
advance, best use of the time available can only be achieved
by introducing the project as early in the course as possible.
The subject matter of the total course should be divided
into small digestible parts which can be fed to trainees at a
time when they can absorb and use the information more
effectively.
For example, the course director may discuss various
methods of interviewing, follow this by a short .film and
then introduce further discussion and role playing exercises
in the classroom, before interviewing personnel in a live
situation. In this way, trainees are able to progress from the
known to the unknown and are able to apply the subject
matter of the lectures without delay.
I have given my reasons for introducing live projects
into training systems analysts and also for rescheduling the
subject matter of the course. I would now like to discuss
how live projects can be initiated and directed.
The first step is to gain enthusiasm and co-operation
from the management team of a local company. Having
agreed with the company to proceed, the course director
selects an area to be investigated by the trainees. In order to
achieve the best results he should ensure that:The project selected is truly raw and not merely an
examination of a system resulting from a previous
investigation;
the project is in an area which is suitable for the
introduction of electronic data processing;
the problem area can be clearly defined and understood
by trainees in the limited time available to them;
the project is both interesting and offers scope for
creative thinking;
the company will not restrict design of new systems
solely to equipment already on site, but will allow
trainees to recommend acquiring additional hardware
where this is considered essential;
authority and support is obtained from the most senior
executive within the company. Neglect of this important area creates problems which are extremely difficult
to overcome.

The next step is to carry out a preliminary survey of the
problem area. This should not be neglected, for the course
director must be able to determine the scope and objectives
of the project. His survey will provide a backcloth for
lectures and enable him to assess the efficiency of systems
investigations carried out by the trainees. It will also enable
him to prepare an assignment brief for the project and a
timetable for the course.
The timetable for a course using a live case study is
more than just a programme of lectures and exercises. It
gives details of each area of activity and includes the
deadlines which must be inet. Trainees are encouraged to
prepare a bar or Gantt chart from their timetable. The time
allowed for each activity is represented on the chart and
progress of the activity can also be recorded. The project
manager should monitor the progress of each activity and
help the trainees reschedule if necessary. Trainees must be
given both the incentive and the opportunity to plan their
operations well in advance, for it will not be possible to
postpone a meeting with the managing director of a
company, a few hours before it is due to start.
In order to make best use of the time available on a

four-week systems course, I introduced the project on the
first day. Following discussion with the trainees, I helped
them prepare for a meeting with executives of the company
who gave background information to the organisation and
who discussed the project in detail. During the first week of
the course, lectures were given appropriate to the first stage
of the assignment and included procedures to be adopted
during preliminary surveys, the importance of a written
project assignment brief, methods of interviewing staff and
recording findings.
Trainees quickly learned that staff of a company have no
intention of playing roles and 'hat it is necessary for them
not. only to think of question'. to ask, but also to anticipate
the reaction of the particular interviewee. In spite of our
discussions in class, they were surprised to find that empire
builders, moaners and the unappreciated really do exist
within an organisation. They were, however, eager to try
out their newly acquired skills in dealing with these people.
Each member of the course was given the opportunity to
interview staff of the company and to report his findings
and observations to the rest of his- team. In this way we
built up a now diagram of all activities within the problem
area. Loopholes and contradictions were apparent and the
trainees became aware of the need to ensure that all
information obtained was both accurate and complete.
They gained an understanding of just how the system
worked, where it was stretched to its limits, where it failed
to meet objectives and where efforts were wasted or
duplicated.
After analysing the existing system, problems of
systems justification and costing were discussed together
with the requirements of a management information
system. The trainees were then given the opportunity of
returning to the company to determine the information
required by the management team in day to day
administration and long term planning. Creative thought
was encouraged and, the trainees "good ideas" were
included in an interim management report prepared for the
company. The report contained details of their findings
during the investigation, areas for potential improvement
and their recommendations. An informal management
meeting was held to discuss the report. At this stage, the
trainees believed they had fully defined and understood the
problem area and were proud of their observations and
recommendations. It was, therefore, a shock to hear about
the little points they had overlooked. They learned the
danger of jargon, unwarranted criticism and ill conceived
statements. As there was a danger of the trainees becoming
discouraged they were given every opportunity and
assistance in restating their proposals without losing face.
During the third week, trainees continued to design new
systems and were again able to relate lectures to problems
of the moment, for example the lecture on forms design
was followed by design of documents for their new
systems. The trainees were generally unwilling to discuss
their new forms with staff of the company before finalising
design. Afterwards, however, all, agreed that their journey
had not been wasted but on the contrary had been very
useful in ensuring that all items included on their forms
were necessary, and that all necessary items had been
included.
The number of trainees attending a systems course
usually prevents each from covering every aspect of the
project. This is overcome by forming discussion groups and
holding regular progress meetings. With careful control,

everyone is kept fully aware of all aspects of the project. As
the course progresses, they are encouraged to decide their
own sub groups which change to cater for each trainees
particular needs and capabilities.
Management and technical reports were completed
early in the last week of the course. The management
report was aimed at selling the new system to executives
who hold the purse strings but who know little about
computers and their associated jargon. Trainees were
anxious to deliver copies of their report personally in order
to clarify, before their final meeting, any minor points
raised by the management team of the company. As many
of them pointed out to me, there is even a technique in
reading a report. Whilst executives of the company
assimilated contents of the management report,the course
completed their technical report which contained a
complete systems definition of the computer and manual"
systems together with a procedure manual. The final'
management meeting was usually held in the board room of
the company and attended by the most senior executives
within the organisation. The course elected members to
represent them at this meeting, others holding a similar
meeting with the director of systems studies and senior
lecturers. The technical report was presented formally at a
meeting attended by computer personnel from within the
company and senior lecturers of the trainingcentre.
4.

EVALUATION OF TRAINING

Inevitably, some analysts benefit more than others from
the type of training described
notably those with the
required level of knowledge for an advanced systems course
and potential for the job. However, all trainees who
attended the experimental projects expressed greater
satisfaction with their training than had been achieved with
earlier courses. In order to help you to assess the degree to
success achieved with live projects, I will describe some of
the computer systems dcsigncd by trainees. The first two
live projects were carried out in a company which converts
paper and board for the bakery trade. The first study
resulted in the design of a computer system to provide
analysis of incoming orders, sales and products in terms of
turnover and profit contribution. It also provided for
analysis of salesmen's performance and the profit and
turnover contribution of individual products by size and
geographical area.
The second project followed order dockets through to the
accounts department, producing an invoicing system, sales
ledger and associated accounting procedures. As the
company was unable to justify the purchase of a computer
the system was designed for implementation on remote
hardware.
The next course designed a flexible computer system of
planned preventive maintenance for a local hospital.
Representatives from the Department of Health attended
the final presentation of recommendations and they offered
to implement the system in several hospitals. We then
organised two projects to run simultaneously; one in the
advertising department and the other in the accounts
department of a local Newspaper.
As fifteen trainees attended this particular course, it was
rather difficult to control all the activities; leading us to
restrict all future courses with live projects to a maximum
of twelve trainees. However, the new computer systems
were highly commended by representatives of the
manufacturer installing the hardware and the system was
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accepted for implementation by the company. A sample of
the timetable used with live case studies can be seen in
appendix A.

As we were anxious to maintain 11 high level of training,
at the same time producing an efficient new system for the
company co-operating with us, we analysed the system
produced by each group of trainees and the level of
competence achieved by each trainee during his training.
From letters received and discussions held with trainees, the
reasons for the success of the experimental projects
inclu.ded:- dividing the subject matter of the total course into small
digestible parts, which made it easier for trainees to
understand, and then remember and implement what
they, had learnt;
- working with a live project created a sense of urgency in
their deliberations and a sense of responsibility for their
conclusions and recommendations;
- introducing the project on the first day of the course
enabled trainees to identify themselves with their project
and to take a real interest in meeting the requirements of
used departments;
- presenting their observations and recommendations to
the management team of a real company encouraged the
trainees to be lucid, concise and accurate.
It has often been said that those who cannot do talk
about it. This has never been less true than when applied to
the director of a systems course using a live case study. A
live case study needs an experienced senior systems analyst
who has the ability not only to apply his knowledge but
also to teach others.
The training I have described presents a challenge to
lecturers. There is a great deal of work for him to carry out
before the course starts. He will generally initiate the

project and gain the enthusiasm of senior executives from
within

the

company.

He will need

to

carry out a

preliminary survey of the project area in order to prepare a
timetable and project assignment brief for the trainees.

11/426

Whilst the course is in progress, he will have little free time
as he is not only lecturer but also project manager for the
assignment. He will need to instruct and guide the students
and also monitor their progress throughout the course.
Many training establishments encourage tutorial staff to
take sabbatical leave in order to prevent their experience
and subject matter from becoming stale or out of date. I
found live projects a stimulating way of continually
updating methods of teaching, acquiring new teaching
material and keeping aware of developments in hardware
currently available.
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EXAMPLES

AND

EXERCISES

IN

PROGRAMMING

COURSES
John Wyndham Lewis

I.

INTRODUCTION

A major problem to arise in the experience of those
teaching programming at all levels is the provision of
suitable exercises and examples to give to their students.
While the prospective professional programmer must accept
that a great deal of practice and experience is essential if he
is to become competent in his art, we shall not be
concerned here with a person who is committed in this
wav. Rather our attention will be focused on the large
numbers of students attending programming courses at
various levels who are often not so convinced of the value
of, what is to them, frequently regarded as just another
subject. It is becoming increasingly evident that a student's
relationship with a computer can be irrepairably damaged
by an unsatisfactory introduction. It is essential, particularly in the early stages, that the examples chosen to
illustrate the various programming techniques be selected so
as to be immediately relevant to the student's own

experience and are Stich that he may immediately graspthe
significance of the use of a computer. It is all too easy to

destroy any interest shown by an uncommitted student in
the early stages by requiring him to exercise his newly
acquired talent by ploughing through a number of examples
which he finds irrelevant and which he does not

understand.
Anyone searching through some of the available books
on compu ter programming might be forgiven for thinking
that the only problems that could be solved using a

computer were the solution of quadratic equations,
simultaneous equations and areasof triangles.
This is not to say that such examples are not of value in
their place, but it is increasingly important that a computer
be regarded as an information processing machine and not a
piece of equipment which merely performs mathematical
calculations. Examples which rely more on the manipu-

lation of data in a non-mathematical manner are in
particularly short supply. The idea that a computer can be
made to operate in this way can be incorporated into most
examples if emphasis is placed, as soon as is practicable, on
the extraction of the maximum amount of information
from the available data. This implies early consideration of
the formatting of output and could then involve for
example, a full print out of the reasons for the failure of a
program with a particular set of data, with an identification
of that data.
The examples chosen in each course must obviously be
influenced by the programming language which is being
taught. If the students are not required to become expert
programmers the problem of syntactic errors can become
an overwhelming and somewhat irrelevant handicap. If a
syntactic burden is placed on the student as well as

programming problems much of the value of the instruction
can be lost. It appears therefore that where "programming"
is being taught as opposed to "a programming language"
there is a strong argumen t for the teaching of a
syntactically simple language such as BASIC.
2. THE TEACHER AND THE STUDENT
There is an increasing number of teachers in schools and
colleges who are called upon to teach some form of
computer programming. Such people often have had no
guidance at all in the selection or construction of examples
and exercises, although they often become aware of the
importance of this point at an early stage. At the other end
of the scale is the teacher of programming who has given

the same course of lectures for several years, always with
the same set of examples, irrespective of the background
and needs of his students.
It is essential that the teacher be aware of the purpose
behind the setting of any form of exercise. Programs to be
written might be short - perhaps 10 or 20 statements or
instructions designed to illustrate or test thc student's
knowledge of a particular computational (not necessarily

mathematical computation) or programming technique.
Particularly where illustration is intended, often, the
shorter the program the better in order that the essential
clements are not obscured. At the other extrcme a problem
might be so complex as to require both a considerable
amount of preliminary analysis before the programming is
performed and a knowledge and mastery of a wide variety
of techniques; such exercises are often regarded as projects.
Also of considerable interest are the types of question
which might properly appear in an examination paper of
the traditional type which perhaps requires answers to any
five questions out of eight in three hours.
Although this difficulty of examples seems most acute
in the early stages when a student is perhaps only familiar
with a few elementary programming techniques it is
essential that care be taken in the formulation of examples
at all levels of instruction. The following are some of the
categories which may be distinguished as having particular
characteristics. The computer science student (again this is
not the prospective professional programmer) is studying
programming because it properly should form part of his
course of instruction. A further class of student is learning
to program as he will become what might be termed a
professional computer user who will have close contact
with a computer in his chosen career. Such a person in the
future might be using the computer as a personal tool in his
day to day work through an on-line terminal and this class
includes doctors, linguists, lawyers etc., as well as engineers
and scientists. Further there are the "appreciation" courses
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designed to introduce computers to a wide range of people.
Even if these people are not intending to pursue the subject
beyond this "appreciative" stage, merely wishing to be
aware of some of the influences of computers, but not
intending to become a personal user, it is often of value for
some elementary programming techniques to be studied
and demonstrated by means of some relevant examples.
3. COMPUTER SCIENCE STUDENTS
It is clearly desirable that any person claiming to be a
computer scientist should have a knowledge of at least one
high and one low level language. Leaving aside the teaching
of advanced programming theory, a student needs to have
from an early stage a means of testing his computational
(again not necessarily mathematical) ability enabling him to
make a critical assessment of the techniques which have
been presented to him. Elements of machine organisation
and operation can be illustrated by suitable examples
through the medium of a suitable assembly level language.
With both high and low level languages, examples should be
chosen so as not to confuse the problems of computation,
. programming and coding. Typically a student may be
required to practice the use of arrays by writing a program
to solve simultaneous equations by a method which is
computationally involved and which he does not yet
understand. When such a program fails it is not easy to

The solution to the problem seems to be relatively
straightforward for the various technical subjects. Here the
various computational techniques are well established and
. suitable examples can be constructed for most students
either in the direct evaluation and numerical calculation
from theory or in the processing of experimental results. In
this last application may lie various non-mathematical
manipulations, which will broaden the experience of the
student. Often the desirability of graphical output will
become evident to the student and it should not be
forgotten that perfectly respectable graphical output can be
obtained on a teletype or line printer, which will illustrate
the point.
However, given the availability of a piece of equipment
such as an incremental plotter, the use would not be
expected to be able to program such a device ab initio. With
the development of advanced techniques and of a variety of
peripheral devices the professional user of the future is
perhaps going to be less of a programmer and more of a
user of packages and subroutines, which he will be required
to understand. During the course of his instruction again it

is essential that packages, which are used for demonstration
or practice are directly useful and relevant, although at a
later stage he will be expected to be able to adapt existing
packages to his own use. Again a considerable amount of

work decends on the shoulders of the teacher who of
necessity must be involved in the writing of these packages

determine where the error lies.

and in some cases may have to write these routines himself.

4. THE PROFESSIONAL USER

The instructor must also be aware that future users of
computers will not necessarily be restricted to a batch

While the computer scientist might be expected to be
prepared to handle a wide rangeof problems, arisingfrom a
variety of disciplines during his considerations of the
various applications of computers, a prospective professional user, as defined above, is concerned only with the
application of the computer within his own subject. Here

the finer details of any particularprogramming language are
of very little interest, the main requirementsoften being an
introduction to available techniques and applications.
Students in this category, particularly in the early stages,
are not all convinced of the value of the use of computers
and great care must be taken to make the course of study
relevant. An increasing number of texts are becoming
available with titles such as "Computer Programming for
Engineers, Biologists, Chemists etc.", but even the examples
given in such manuals may not be of interest to the student.
Again the examples may be very well constructed to
illustrate 'or test one of the finer points of this or that
particular programming language, but the student is much
more likely to find enthusiasm for a situation with which
he is familiar, probably in a problem which hitherto he has
found difficult or tedious and for which he really needs the
answer.

In the early stages it is not a satisfactory solution to ask
the student to suggest his own problems as he usually has
no idea of the techniques which might be required for its
solution. It is the clear responsibility of the teacher to
construct suitable exercises in consultation with experts in
the student's own discipline. Unfortunately, these very
people may have been the victims of an unsatisfactory
course of instruction themselves and be rather sceptical
about "computers" to the extent that the possibility of
using a computer does not occur to them in a natural way.
The responsibility in such cases lies even more heavily with
the teacher of the programming course.
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processing environment, but may have access to an on-line
terminal. There is as yet little experience to draw on in the

instruction of students through the use of a terminal, but
some problems are obviously better suited to one
configuration than another. It may, therefore, be necessary
to construct examples which demonstrate the various
modes of operation requiring perhaps the simulation of a
particular configuration.
5. EXAMINATIONS
Where a course of programming is concerned it often
becomes necessary to examine the student's ability. It is
recognised that the traditional method of examination
alone is of little use where programming is concerned and it
is essential that continuous assessment be made of the
student's progress throughout the course. This does not
mean however that, given the necessary safeguards and the
careful setting of questions, a useful measure of ability
cannot be obtained from such examinations.
Where low-level languages are concerned a particularly
suitable question seems to be that where a simple assembly
level code is given (including indirect addressing and/or
address modification) and asking for a program to be
written which performs some simple manipulation on some
data contained in the store. With questions involving high
level languages the programs of syntactic errors is
considerable and bearing in mind the somewhat artificial
circumstances under which these programs are written it
seems unreasonable to penalise the student too heavily for
such errors and here it seems much more suitable to ask for
flow chart solutions. When it is required to test a student's
knowledge of a particular computational technique it is
more appropriate to require the answer in the form of a
flow diagram, alternatively a program or flow chart can be

given containing logical errors which must be detected. A
further useful type of question is to give a program or
segment of a program and to ask the student to state the
value of the contents of various addresses or the value of
identifiers, perhaps at the completion of each loop.
Another question which tests the students understanding of
a given program is to ask for a set of test data which could
be used to validate the program.
Specification of subroutines might be given and the
question ask for the solution of some problem using these
subroutines with a full specification of any additional
subroutines, which might be required.

6. EXAMPLE
To illustrate the ease with which what is essentially a
simple idea may be modified to suit the needs ·of a wide
range of students, consider the following example:
The temperature of critical part of a chemical plant is
supplied direct to a computer at equal intervals of time
starting at t = o. (This may be simulated by values on a data
tape). The optimum operating temperature is 260° C. Write
a program to monitor these values and to print out the
following information according to the given conditions:(I) Alarm:- when a tolerance of± 10° C from the optimum
is exceeded,
(2) Warning:- when a change from the previous reading is
more than 4° C,
(3) Normal:- at a time of ten units (from the last alarm or
warning) the last three values are printed.
This example contains very little mathematics, but
poses some interesting problems in the manipulation of
data. By judicious choice of terminology, the problem can
be made suitable for almost any student and the problem
can equally easily be simplified or developed to suit the
student's abilities. For example one or more additional
channels can be added to the monitoring process or the
optimum condition may be variable with time, as might be
required in a biological research station for the simulation
of day and night.
Further topics which arc in the "adaptable" category
include graph plotting and contour mapping (not necessarily on an incremental plotter), word frequency counts and,
given access to a random number generator, some simple
simulation.

7. CONCLUSION
If the computer is to be favourably accepted by an
increasing number of people, it must be seen as a tool with
relevance to their own subject. Where such people attend
programming courses it is essential that considerable
attention be paid to the provision of suitable examples and
exercises. The responsibility for this clearly lies with the
teachers of these courses who must realise that it is not
sufficient particularly in the early stages, to load the
student with unsuitable and irrelevant exercises.
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electromechanical programs has been the assumption of the
accreditation responsibility by the Engineers' Council for
Professional Development (ECPD).

This paper offers and discusses a first draft design for a
general purpose curriculum in Computer Technology. The
proposed plan would educate and train "computer
technicians" at both the Associate Degree (two year) level
and at the Baccalaureate Degree (four year) level over most
of the spectrum that characterizes this field (as discussed in
the next paragraph).

One recent attempt to provide curricula assistance and
establish accreditation jurisdiction over a broader range of
the computer technician spectrum was the formation of an
ad hoc Software Technician Curriculum Committee

The now rapid emergence of the small, relatively low
cost ("unbundled") digital computer as a practical tool in
business and industry, and the increased use of multiple
peripheral units as information system components has
added significantly to the demand for a semiprofessional
specialist qualified to interface between the. professional

computer engineer or scientist and the clerical-level
personnel, who in increasing numbers will be the principal
users. The title computer technician (or computer
technologist) is suggested as the generic term for these
specialists, even though their areas of specialization may be
divided into at least three distinct functions, "electromechanical" (hardware-oriented) technician, software tech·
nician, and applications programmrner-,
Although detailed and well accepted curriculum
guidelines for developing the professional in computer
science have been published by the Association for
Computing Machinery (ACM), no comparably developed
guidelines have yet been available to the many 'junior
colleges and technical institutes presently attempting to
produce computer technicians in the United States. By way
of background, one closely related program that has met
with considerable success in a few institutions is the
electromechanical technology curriculum primarily develOped and supported by the Technical Education Consortium, Inc. On-going programs in electromechanical technology are strictly hardwareorientcd; however, with heavy
emphasis on the physical sciences and conventional
calculus, and with little instruction in programming. A
factor contributing to the effectiveness of the present

composed

of members

of ACM,

ECPD.

and

ASEE

(American Society for Engineering Education). In the
opinion of the authors - who were both members of this
Committee - the most important conclusions reached

were:

I. Only hardware-oriented curricula with a strong physical
science and conventional calculus base, such as the on-going
electromechanical programs, fall within the current purview
and interest of ECDP and, therefore, only this type of
program is of current interest to ASEE. (The authors
submit that the hardware option, based on the core
curriculum proposed by this paper, may also qualify for
ECPD accreditation if the elective hours are selected in the
proper fields.)
2. If quality programs are to be implemented, responsibility for proper development of curricula and accreditation procedures for programs to train "software tech-

nicians" and "applications programmer technicians", InUS
be assumed by some professional organization other than
ASEE - probably by ACM.
3. The faculty resources and physical facilities required for
all three "branches" of the computer technology programs
is essentially the same, so an institution may find it
practical to offer all three options.
Appended as Table I is a tabulation of the components of
the proposed curriculum for computer technicians, In the
final form of this paper, Table I will be further annotated
and a sample four year curriculum for each of the options
will be provided. Employment opportunities in the United
States for graduates of each of the curricula will be
discussed briefly.
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Table 1

Mn.jor '1"ecl:miclL1 COIlIpaD.elltll of .. 8of't1l1&re Teel:lll.1ci-.:J.lI CurrtCulUIII
Approx. No. or rull
1I1:!1lll!oter ecceeee

geo
1. C0IlIllUJ:l1clItion
lIkllll1

Remedial lI.lIlI1l1tall.ce, .... req,u1red.
'1"eclm1clIJ, (report) vr1tUla lI.l:l.d ora~
presentation lI.lI appl1ed to tbe accumentat10n or ProgrtIlIllI, or fiOVCbartll,
and or otber reprelleutationll or COllI.
puter progra=e, component dell1gp., 10.put f».1d/or reoulta.

2. Matbc_t1es

(a) Colleae A1e'ebra (lI.l:l.d e1Al.,Iltar,y
t'unctioos)
(b) E~elIIentll or lItathticlI and
mealluremellt
(C) F1.D1tc IlIltbe_tiell (lIetll, vectorll
and _tricea aDd appl1eat1011ll,
boo~eM tuDct101111 vlth applicat10nll lo.e1ud1p.g ecab1.Mttooal
losie.
(d) Computer IlIltbelaticlI Md ecee
DllIl:Iericll..l IIllltbod., e.g., repreocntatioa Md t1nite-preci.loll
appro:.o:1.=Bt1oa or tllDCrica~ 1.DrOrDLtl00, I"O\IIIdotr Md otber
ecareee ot comput,er plttll.llo,
root~r1.Dd~, 0IDCr1cal 1.Dtegra_
tlon, pe(l.Jo:-I~kUla, oolut1ocll ot
eyotcma or eq,ll6tlO~lI, IlIltbe_t1eo
or predlctloll (e.s., averae1.r:l&
metbods lI.IJd J'C!gl'e1l1oa).

). CO:IpUtera lI.l:l.d

C""J'Ute'

SYlltelll8

(a) Macb.111eo, lIBCb.1ne organbatlOD,
aDd IIlI.CbiDc! &zld lLIoclIlbly language
Input/output e.nd ll1terrupt eeructurell &ad ~ teebD1q,ueo
related tbcrcto.
(b) Elcmel1tll or operetitlg oyote.llll
(c) rIo IltI.d otbllr ccammlcat100ll er-

2 or ) all
req,'d

J +

......

(d) D1a1taJ. el*pI.!t;.er e1rcultll lI.lId
lIUblYIte. logic 1.Qel\ld1Jlg or
ll.Ceallplltl.icd by the appropriate
clementll ot pb:r'lI1ell.

4. Computer

scteeee

1+

Thll ltWllOer of oemeotel"'O of instruction 0L<99l1oted for a group of topico
io '?Oted IJith a pLUB (+) mark in three instanceo. Such marking io
intendod to ouggeot an area UIwN additional. etectiveo eould be offeNd
for pero01llJ r.Jiohing to OpeciatiBO:
(l)

in Doftuarc eyet:Bmo (!tomo 3a and 3b of Tabte JJ

(2)

in hm>dlJaro eyotemo (itemo 3e wid 3d of Tabte JJ

(J)

in appUcatiOtlO

~

(item 4b of Tabte 1)

lnotituti0l18 might be e.rp8eted to deveZcp
cri.attll options.
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l.

INTRODUCTION

I do not propose here to discuss the activity implied by
the term "computer programming", still less to present a
definitive answer to the question "What is a programmer? "

It is sufficient for my purpose to define programming as
including all the tasks directly involved in the preparation
of the instructions without which computing machinery is
unable to function as an information processing system.
For me the programmer is the human interface between the
machine system and the work system.

In the United Kingdom we do not know precisely how
many persons are actually engaged in programming, nor
what future demands will be. However, my colleague John
Humphries of the National Computing Centre Limited has
recently prepared a basis on which reasonably accurate
estimates can be made. As there arc at least 4,000 working
computers installed in the UK, there are now between
12,000 and 20,000 programmers.
New computers are expected to be installed at an annually
increasing rate. rising from at least 1,500 this year to over
5.000 in 1975. From this it can reasonably be estimated
that more than 60,000 additional programmers will be
needed during the next five years. It is my present purpose
to give an outline of the education and training facilities
currently available for potential programmers, together
with sufficient historical information to explain how these
facilities came into being.

There arc several different kinds of institution Or
organisation in the United Kingdom which offer education/training in computer programming. They can be listed
as follows:I. computer manufacturers
2. computer consultants
3. computer users
4~ universities
5. technical colleges
6. secondary schools
7. private programming schools
8. correspondence colleges
The first three of. these form a single group of
organisations with specific non-educational objectives
which have led them, logically and quite correctly, to
provide what can be termed machine-oriented programmer
training. The COurses they offer are intended primarily for
their own

or their customers' personnel and cannot,

therefore, be expected to conform to any national pattern
of education. They do, of course, take the national pattern
into account. Moreover, they provide continuing valuable
advice and guidance in its development.
The remaining five categories cover institutions with
educational objectives and responsibilities. Those in the last

two are also guided by considerations of investment and
profitability, whereas those in categories 4, 5 and 6 are
financed mainly from public funds. Schemes for computer
education in secondary schools are, at the moment,
experimental in character, and so more appropriately dealt
with in another section of this conference.
Although many graduates become programmers, university courses are oriented towards computer science as a
multi-disciplinary study or to the introduction of computing into specialist areas of academic study such as
physics or engineering.
Consequently, as would be expected, the education and
training of programmers as such forms only a minor part of
the university curriculum. Short courses in Algol and/or
Fortran are provided outside the normal curricula. often as
evening classes for those not in the university student
community. Of course, universities have played, and
continue to play an important role in the development of
computers and computing. At one time they were the only
organisations, other than computer manufacturers, which

offered courses in programming. However, since the
programmer is a skilled technician rather than a graduate
technologist, universities have not felt it appropriate to
develop a major education and training role in this field.
I shall now turn my attention to the more significant
facilities for the education and training of programmers the courses provided by technical colleges, private
programming schools and correspondence colleges. I shall
deal firstly' with the institutions financed from public
funds, the technical colleges, and then with the commercially based organisa tions.
.
2. TECHNICAL COLLEGES
The term "technical college" is used here to cover those
educational establishments whose main purpose is to
provide technical education and training for workers in
industry, COmmerce and public administration. The courses
they provide are largely of a part-time nature being based
on both day and evening classes of instruction linked to the
practical experience gained during full-time employment.
The syllabuses followed are usually those prescribed by
national or regional examining bodies consisting of
representatives of commerce, industry, teachers' organisations and the Department of Education and Science. These
colleges also provide full-time vocationally based courses
for school-leavers in preparation for national diplomas of
degree level in a wide variety of basic disciplines. It is not
possible in the short time available to describe more fully
the role of these colleges. There are nearly 400 of them and
together they deal with about 3 million students each year.
Although in the final analysis the greater part of their funds
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is provided by the central government, they are controlled
by local education authorities which have a considerable
autonomy in educational matters, subject to advice,
guidance, and some pressures from the Department of
Education and Science.
Until eight years ago there was no provision in the
national pattern of technical college courses for the
education and training of computer personnel. In 1962 the
British Computer Society became concerned with the need
to establish a long-term plan for such education and
training and sought the cooperation of one of the major
national examining bodies, the City & Guilds of London
Institute. This organisation, founded in 1878 and granted a
Royal Charter in 1900, has as its aim the advancement of
technical and scientific education as a service to the
individual: to industry and to the nation. It provides
examination schemes in over 300 subjects for the needs of
operatives, craftsmen and technicians in most types of
industrial activity. In 1963 it set up, in accordance with
well-established and effective procedures, a commitee of
representatives of the various interested parties - employers, professional organisations, teachers, technical

institutions and the Department of Education and Science
to offer advice and prepare a suitable scheme.
Within one year, the first examination syllabus for a
"Certificate for Computer Personnel" (City and Guilds
3 19) was offered to technical colleges for implementation.
It was intended for al types of junior computer personnel
and based on the concept that there should be a common
ground for the Lise of computers in any environment -

commercial, industrial or scientific. The svllabus consisted
of five parts
.
a. Computers - theory and application
b. Equipment - principles and practice

e. Computing methods.
r. Mathematics and statistics
g. Related studies.
the first two of which were intended as the major part of
the course. The scheme included a special mnenomic code
intended to facilitate both the teaching and the examining
of programming procedures.
This first course. designed to be completed in two years
of part-time study, was intended as the first stage of a
two-part scheme. The second stage, leading to the award of
an "Advanced Certificate for Computer Personnel" (City
and Guilds 320), was completed in the summer of 1965.
This stage provided for a more advanced study of computer
techniques, especially programming, and consisted of the
following three parts
a. Computers 1hcory, practice and applications
b. Logic and numercia! mathematics for
information processing
c. Information processing.
the first of which was the most important.
The first examinations for the 3 I 9 stage were held in
the Summer of 1966. By this time the group responsible for
drawing up the syllabus had completed the 320 stage and
were conscious of weaknesses on the 3 I 9 stage. There has
also been criticisms from some employers and teachers of
commercial subjects. These were mainly that the mathematical content was too high and that the course as a whole
was not well suited to the requirements of commercial date
processing. Above all there was the major problem of
keeping a syllabus in step with current practice in such a
dynamic technology. It was, therefore, decided in 1967 to
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start work on a reVISIOn of the 319 stage and to widen
membership of the syllabus committee by the .inclusicn of
nominees of the Royal Society' of Arts, a national
examining organisation with experience in the area of

commerce and trade.
The revised scheme was completed a year later and the
first examinations were held in 1969 in parallel with those
for the original scheme, which has now been withdrawn.
Details of the 3 I 9 scheme now in operation are given in
Appendix I.
The Royal Society had itself set up a Computer Studies
Committee which was developing examination schemes for
computer operators and for various levels of computer
appreciation. The City and Guilds Institute was invited to
appoint representatives on this committee and so the two
complementary organisations were able to cross-fertilise
and co-ordinate their respective activities in computer

education and training.
1967 was a year of many new developments. The
British Computer Society announced its own professional
examination scheme and the National Computing Centre its
scheme for a Basic Certificate in Systems Analysis. In
Scotland, which manages its educational affairs separately
from the other three countries in the United Kingdom England, Wales and Northern Ireland - computer education
schemes had already been developed by the Scottish
Council for Commercial, Administrative and Professional
Education. However, these did not include examinations in
programming.
The Stimulus provided by the 1963 initiative of the
British Computer Society and the City and Guilds Institute
had by now led to the development of so many new
examinations schemes that there was clearly a need for
some formal machinery for co-ordination so as to avoid
waste of limited national resources by duplication and
overlap of effort. In 1968, therefore, after much informal
discussion, it was decided by all the interested organisations
to set up the United Kingdom Co-ordinating Committee for
examinations in Computer Studies. The British Computer

Society was invited to nominate a chairman who was, and
still is, Professor R. A. Buckingham, Director of the
Institute of Computer Science of the University of London.
He has long been known internationally for his work as
Chairman of the IFIP Technical Committee for Education,
one of the two IFIP groups responsible for organising this

present conference.
It was agreed hy the participants in the Committee that
the three main areas of computer education - systems
analysis, programming operating - should be the responsibility of the National Computing Centre, the City and
Guilds Institute, and the Royal Society of Arts respectively.
In addition the latter would cover the general field of
computer appreciation by certificates for short courses.The
area covered by the Society in England, Wales and Northern
Ireland would be covered in Scotland by the Scottish
Council for Administrative, Commercial and Professional
Education, which was also responsible for a post-graduate
Diploma in Systems Analysis and Design.
3. PRIVATE PROGRAMMING SCHOOLS
I turn now to the facilities for education and training in
computer programming provided by the organisations in
my last two categories - private programming schools and
correspondence colleges. As I have pointed out, such

organisations, in addition to having educational objectives
and responsibilities are also guided by considerations of
investment and profitability. As a result their activities in
many countries have tended, in my view on the whole
unfairly, to be regarded with suspicion. It cannot be denied
that there have been many instances of dubious, and even
on occasions, fraudulent business practices. However, in all
countries there are laws to deal with such problems. We
should, therefore, consider the positive contribution that
such organisations have already made and can continue to
make towards the continuing and ever increasing need for
education and training in that dynamic technology of the
post war era - computing or, as it is now becoming
understood, information processing.
Over the last three or four years in the United Kingdom
there has been increasing pressure from many sides for the
exercise of some form of control over the activities of
private programming schools.
It is the dubious, and possibly fraudulent, business
practices which have received publicity and led to the
raising of questions in our parliament. Because of the
decentralised structure of our national system of education
and the guiding and advisory, rather than executive role of
our Department of Education and Science, we have sought
to establish a framework within which these private
institutions can voluntarily make a useful contribution to
the total resources needed to meet the ever growing
demand for educated and trained programmers.
The problem was put to the Co-ordinating Committee
and the City and Guilds Institute, as the organisation
responsible for the field of computer programming, was

The ultimate responsibility for setting and maintaining
a standard for new entrants to programming rests with
computer users. Hence a key element in the schem~ is the
oral examination and project assessment by an experienced
data processing professional. The project. must be the
candidate's own unaided work and conform to the
following conditions.
I. the project must have taken at least 50 hours of
work
2. the products of the project must always include'
a workable computer program
all program documentation
a written account of how the problem was
approached and a description of its solution.
The examination itself consists of three elements
written papers of five duration, a project, and an oral
examination of half an hour by an examiner appointed by
the City & Guilds Institute. To obtain a certificate,
candidates must reach a satisfactory standard in all parts of

invited to prepare a solution. After informal discussions

programmer is undergoingconstant modification. For those

with many of the private programming schools had
established their genuine concern to support this new
initiative, a special group was fonned which included
representatives of computer manufacturers, private programming schools, technical colleges, correspondence
colleges, the Department of Education and Science,
teachers' organisations and the National Computing Centre.
It was agreed that computer users, to whom the standards
developed would need to be acceptable, should play the

major role in devisingan examination. A draft was prepared
by a small team of experienced users and educators and
comments obtained from the regional committee of the
National Computing Centre, whose members cover the
complete spectrum of computer usage.
After less than one year the new scheme 459 - Basic
Certificate in Computer Programming has now been
approved and published. It is designed to ensure that

trainee programmers demonstrate
a sound basic understanding of the various items of
equipment used in a computer installation, and of the
physical media processed by such equipment.
a sound basic understanding of the functions of the
different types of personnel normally employed in a
computer installation.
a basic understanding of, and a practical ability in, the
various tasks involved in the job of programming, how
they relate to each other, and how together they make
it possible for a machine systemto process information
in the many different fields of cdmputer application.
The syllabus, details of which are given in Appendix II,
covers the following topics
I. general introduction to computing
2. fundamentals of hardware --the computer system,

3. introduction to software

4. data processing organisation and personnel
5. program writing - how to write a program,
practical programming, technical aids
6. elemen ts of file processing
7. documentation.

the examination during the same session.
4. THE FUTURE

Information processing is, as
technology. The nature and

J

have said, a dynamic

role of the work of the

responsible for the development of education and training

schemes and for the establishment, maintenance and
improvement of standards, this presents a continuing
challenge and stimulus. The subject panels of the City and
Guilds Institute are, therefore, constantly reviewing the
schemes which I have attempted to describe.
At the present time, scheme 320 - Advanced
Certificate for Computer Personnel - has been completely
restructured in the light of the many new developments
which have taken place since it was first designed nearly
five years ago. Above all it attempts to provide for future
requirements in the field of system programming and
applications programming which are only now becoming
appreciated by computer users. In this respect it is, as was
the first 319 scheme five years ago, ahead of its time. Our
present national facilities for programmer training and
education are fully occupied in meeting our basic
requirements. Indeed, if the forecasts I referred to at the
beginning are to be realised, present resources will prove to
be inadequate. So I will say no more of the new 320, a
possible Certificate in Computer Software. That could be a
subject for the next IFIP World Conference on Computer
Education.
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APPENDIX I
319 CERTIFICATE IN COMPUTER PROGRAMMING AND
INFORMATION PROCESSING.
A. COMPUTERS: THEORY AND EQUIPMENT
Notes:
(i)
Practical work must include programming of simple applications. Attention should be given to preparation of overall and
detailed flowcharts; use of actual data and generation of test
cases by program; preparation of all auxiliary programs to test
the main programs; planning programs in block structure to
facilitate testing; use of tracing monitoring and similar
techniques in program development.
(ii) Student, will be expected to use both the special introductory
Mnemonic code and, for applications programming, any other
(iii)

~~~~~P~~:~~li~O:~~~~~~ul:~r~I~~~~":~~~I~~eC~Od~~l; ~~ge;:~onfined

to the special Mnemonic code, copies of which will be available
to candidates. Questions may also be set which require a
general knowledge of other coding systems.
(iv} Practical work must also include the use of punched card and
paper tape equipment for the preparation of date and programs
and, wherever possible, the operational handling of on-line and
off-line peripheral equipment, including continuous stationery,
punched card files, paper tape, and magnetic tape or discs or
any other high volume backing storage.

Al

[NTRODUCTION
Evolution of computing machines: abacus and other computing tools: desk calculators; punched card machines in computation; electronic devices in computation; internally stored programs;
early machines; survey of modern computers, associated equipment
(and personnel), digital, analog and hybrid; data processing
con figurations; single and multi-processor; range of applications,
data representation; awareness of recent developments in hardware
and their applications; conversational mode and other man-machine
communication systems. Data Processing terminology.
A2 FUNDAMENTALS OF COMPUTER HARDWARE
A2.1 The Computer System
Basic parts of a computing system including input, control, fast
access stores, backing stores, randum access stores, arithmetic unit,
index registers, output.
Introduction to basic parts and interconnections of single and
multi-processor configurations; peripheral devices including graphical and visual display systems, on-line remote terminal
equipment optical and magnetic character recognition equipment.
A2.2Input and Output Media
A study of equipment for, and methods of usc (including
handling of storage) of:
(a) punched cards; punching, verifying, listing and sorting;
(b) punched paper tape; punching, verifying, correcting splicing
and reproducing, five, six, seven and eight track tape;
(c) magnetic tape;
(d) printed output;
(e) equipment aspects of method of error detection and
correction.
A3 ELEMENTS OF PROGRAMMING
Note: the majority of programs written during the course must
.
be fully documented. (See Section A6.)
A3.1 How to write and run a program
(a) Analysis of problems and construction of flowcharts, including
use of tree diagrams and algorithms (see Section B.1.);
(b) coding (see NOTES (ill) and (iv);
(c) storage allocation;
(d) program and data preparation;
(0) program development, testing and checking; use of operating
systems for both production and monitor runs.
A3.2Technical aids
(a) Input and output routines; use of subroutines, library
programs, diagnostic aids;
(b) efficiency of programs.
A3.3Theoretical aspects
(a) Introduction to software developments including machine
languages, single and multi-address instruction formats
assembly languages, compilers, programming languages fo;
business and scietific applications, executive systems;
(b) Awareness of functions of systems analysis and the need for
program specifications.
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A4
(a)
(b)
(c)
(d)
(e)
(f)

AS
(a)
(b)

(c)

ELEMENTS OF FILE PROCESSrNG
Basic. concepts of file structure, Physical-blocking data and
labelll.ng; Logical-records, items, methods of dealing with data
of variable length; B.C.D. and binary modes of transmission.
Amendment and interrogation of files;
Serial and random processing; an introduction to soninc
collating, merging;
0'
Updating high and low activity files;
Use of fumping and re-starting;
Introduction to principles and stratety of error handling. Use
of control totals, hash totals check sums.
OPERATIONS
Study of comput,er room or~anisation, discipline and management. ~vhen runnmg under differen t operating and work now
conditions;
contro~ of work now and operations. Receipt and despatch of
work; Job control and scheduling; handling of peripherals and
computer consoles; liaison with maintenance engineers,
sy~tems development staff, software maintenance, programrmng .and computing advisory services; maintenance and
analysis of computer room logs and records; maintenance of
punched card, paper tape, magnetic cape and disc libraries'
,
environmental control of computer room;
control of computer, including documentation of interface
between programmers and operators.

A6 DOCUMENTATION
(a) The need for documentation and standardisation: contents of a
program documentation file;
(b) written specification of problem; general now charts and block
diagrams;
(c) initial descr~ption of program input design, card and tape
layouts, design of files, use of peripherals, internal storage
~
allocation, output design;
(d) documentation during program development: details of check
runs, .verification routines and test decks, on and off-line
detection and correction of program and data errors, lip datinu
0
and patching operations;
(e) f~nalisa~ion of documents program execution rcquircrnen ts
(including storage, description of program names), details of
data p:eparation and program operation; labelling, ordering
and mam tennnce of program file.
B.

RELATED MATHEMATICS AND STATISTICS
N~te

- The aim should be to inculcate an understanding of the
underlying concepts of this syllabus. Formal proofs are 110t
required.
ill TI~e object of this section is to introduce simple ideas of
symbolic language associated with programming
(a) The language of sets. Subsets. Intersection, union and
complement. Commutative. associative and distributive laws:
(b) Logical upcrauons: "alld", "ur'", "IlUl". Simple truth tables: '
(c) Array notation applied in A4. Manipulation of the elements of
arrays; use of subscripted variables and summation sians:
(d) Use of tree diagrams with not marc than [our sta'''e:->·c ,
(e) Use o~ term "algorithm" as illustrated by means ~i ~ppropriate
now diagrams.
il~

Th~ object of this sections is to aid understanding of computer

(a)
(b)

Significant figures and notation a x IOn (n integral).
Num.be~ ~ases, binary, octal, hexadecimal; addition and
multiplication tables for binary numbers; the notation a x lb.
Introduction of floating point numbers and the ideas of
standardisation; rounding and truncation errors, accumulation
or
Approximation and accuracy; absolute and relative errors.
Internal rel?resentation of information including words,
characters, bits and bytes.

anthm~tl~ and representation of information inside the computer,

(c)
(d)
(e)
B3
(a)
(b)
(c)

Introd~ction to Statistics and Probability.
ColleC~IOI? and presentation of data leading to a critical
appreciation of presentation;
ideas of simple probability;
Frequency distribution, median, mode; arithmetic mean
Standard deviation:

(d) ideas of population and sampling.
C.

Note -- In this section the student should gain an insight into
the objectives and basic methods of information processing, into the
way in which these are involved in many different spheres of human
activity, and the part which computers can play in these activities.
He should be able to relate the detailed study in sections A and B to
such computer applications and also appreciate how the circumstances of his own work fit into a larger environment. About 120
teaching hours are recommended for this section.
Practical examples of computer-based information systems
should be used. They should be covered very broadly in the light of:
(a) information needs for the task involved and for those in control
of these tasks; (b) the information available and demanded; (c) the
quantity of information; (e) the processes involved and the time
availabcl to produce the required results. Stress should be placed on
the effectiveness and suitability of computing systems .for these
purposes.
Examples may be drawn from the following list and should be
related to the information processes, especially those in C.3.
Some practical examples of computer-based Information
Processing systems.
National census, national insurance; licensing; rate collection.
Insurance; building societies; banking.
Sales forcasting, marketing, billing and 'accounting; production
control and stock control; budgetary control; vehicle scheduling; reservation systems.
Process control, e.g. chemical manufacture, power supply
switching; computer-aided design.
Analysis of experimental data; survey analysis; technical data
retrieved, e.g. libraries, engineering drawings and specifications;
simple simulation example, e.g. breeding schemes. weather
forecasting.
CI
(a)

nIE NATURE OF INFORMATION PROCESSING
Forms of information; qualitative, quantitative (digital and
non-digital) coded. Information structures;
(b) Simple tasks and their information needs; processes to convert
information to desired form, data analysis, data reduction,
information flows, information flow charts.
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APPENDIX II

INTRODUCTION TO INFORMATION PROCESSING

THE BACKGROUND AND PURPOSE OF INFORMATION
PROCI~SSING:

(a)

Organisations: Objectives, structure, administration, specialisalion, departments; need [or policy and control;
(b) Departmental information needs, sources, processes, flows of
information;
(e) Control: the control loop with basic ideas about objectives,
planning, instructing, taking action, measurement of results
and comparison with plan, decisions on corrective action.
Differences between project control, process control, business
management control.

C3 INFORMATION PROCESSING PROCEDURES
(a) Manual and mechanical procedures;
(b) Methods of data collection and assembly; data transmission
systems;
(c) Elementary computer processes; storing, sorting, calculating,
etc.;
(d) Complex computer processes; file processing; information
retrieval; mathematical and statistical analysis; forecasting;
message switching;
(e) The use of a computer as an information centre: single and
multiple access; time sharing, real-time working; service
bureaux.

BASIC CERTIFICAT IN COMPUTER PROGRAMMING
SYLLABUS
I.
INTRODUCTION
A broad perspective of the development of computing from
the punched card to present generation data processing systems.

2.
FUNDAMENTALS OF COMPUTER HARDWARE
2.1 The Compu ter System
Basic parts of a computer and how they link to form a system:
(a) Input devices
(b) Output devices
(c) Backing storage devices
(d) Central processor - with special reference to the Immediate

Access Store and how it holds programs and data.
2.2 Input and Output Media
2.2.1Data Preparation equipment, techniques, and data representation for:
(a) Punched cards
(b) Punched paper tape
(c) Magnetic encoders
(d) Printed output
2.2.2The Handling and storage of:
(e) Disc packs
(f) Magnetic tapes
2.3 Input/Output Devices - On-line
The characteristics, functions and use of the following online
equipment:
(a) Card readers and punches
(b) Paper tape readers and punches
(c) Line Printers and all introduction to:
(i) MrCR/OCR equipment
(ii) Telecommunications

(iii) Visual display
2.4 Storage Devices
The characteristics, functions and use of, and data representation on, the following equipment:
(a) Magnetic tape devices
(b) Fixed disc devices
(c) Exchangeable disc devices
(d) Magnetic drums
(e) Magnetic card devices.
3.
INTRODUCTION TO SOFnVARE
Inc1uding;(a) Machine language and address forma ts
(b) Assemblers, compilers and associated business and scientific
programming languages
(c) Executive and operating systems
4.
(a)

DATA PROCESSING ORGANISATION AND PERSONNEL
The computing and data processing function within an
organisation
(b) Systems Analysis and Programming
The functions of systems analysts and programmers, and the
relationship between them.
(c) Operation
(i) The functions of the computer operator
(ii) The organisation of operations departments.
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5.

PROGRAM WRITING
This section should be considered in relation to the
programming language which has been notified to the Institute.
5.l How to write a program
(a) Understanding the problem and its solution using now charts,
and decision tables
(b) Subdivision of programs into segments, modules and sub-

routines
(c) Coding
(d) Storage Allocation
(e) Program development,
(i) Program test data
"(ii) On- and Off-line detection of program errors
5.2, Practical Programming
. The production of complete programs solving simple problems
using a selected language.
5.3 Technical Aids
The use of:
(a) Utility software
(b) I/O control/file handling software
(e) Compilers and assemblers
(d) Monitoring and diagnostic software
(e) Testing facilities within operating systems
(f) Program library maintenance
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6. ELEMENTS or rILE PROCESSING
(a} Basic concepts of file storage using tapes and discs
(b) Basic principles of file manipulation including generation
control and standard updating and reporting procedures
(c) Basic concepts of file access - serial/sequential/direct access
(d) Basic concept of file structure including:
(i) Labelling
(Ii) Physical records/ clocking
(iii)Logical records
(iv) Fields within logical records
(v} Variable/fixed length record handling
(e) Error handling including use of:
(i) Con trol totals, check sums
(ii) Usc of dump and restart techniques
(iii) File protection procedures
(f) An introduction to sorting, collating and merging
7. DOCUMENTATION
(a) The need for documentation and standardisation.
(b). Contents of a program documentation file including>
(i) Written specification of program operation
(ij) Flow charts to B.S. 4058
(iii) Card layouts
(iv) Tap/disc and record layouts
(v) Print layouts
jvi) Specification of storage and perpheral usage
(vii)Coding sheets
(c) Program development documentation including>
(i) Test data records
(ii) Test run history records.

A

GAME-ORIENTED

EXERCISE

FOR

TUTORIAL

JUNIOR

SYSTEMS

SYSTEMS
DESIGNERS

B. Scheepmaker, H. B. Emanuels,

I. INTRODUCTION
In coordination with the Netherlands ADP Research
centre, four leading Dutch cities have organized a course for
junior systems designers for the purpose of employment in
their own municipal computer centres. The course lasts for
almost four months; participants are mostly administratively skilled and trained to a medium level, without
any particular prior knowledge or experience in the field of
EDP_
After the course was presented for the first time,
evaluations showed that the students had not realised the
full significance of the subjects taught, because, apart from
some minor cases of a simplified nature, there was no
opportunity for them to become acquainted with practical
aspects of the course in a more generalized way.
To remedy this situation, a 4-day systems game was
constructed. in which some important techniques and
methods wc·re taken into account; namely, those which are
frequently encountered by a systems designer. 'Nontechnical" methods were particularly stressed in this game.

2. OBJECTIVES OF THE GAME
The objectives of the game are to introduce an exercise
for these junior systems designers in training, who attended
the extensive uninterrupted course of almost four months
(half programming, half systems concepts) in primarily
theoretical subjects, that will:
enable the student to become quickly acquainted with,
especially, the practical value of some non-technical
- subjects and the operational problems by using these
subjects as a tool (as for interviewing, analyses of
material in a systematic way; small-group discussions;
organizational planning of the implementation of a new
system, etc.);
- bridge any gap between the theoretical set-up of the
course and the first practical assignments students will
meet following their examinations at municipal computer centres in the different systems groups;
3. STRUCTURES OF THE GAME
In order to achieve the objectives, the following aspects
are relevant to the concepts:
- the game is set up for small group work with a
maximum of 4 groups (4 to 6 students per group);
the guidance is of a tutorial nature; only after each phase
of the game the (two) tutors act also as teachers in
evaluating the performance of the different groups;
during the game, there is a major opportunity for

plenary discussions.
The main procedure followed during the game is:
(I). before each phase, tasks are assigned to the groups and
relevant material (for example a letter from a client
asking for assistance) is distributed. In some phases,
each group has to consider different aspects of the same
problem;
(2). the actual execution of the assignments by the students
in the groups;
(3). evaluation by the groups of their own activity and
results obtained after each phase;
(4). feed-back of the progress and results of each group to
all other groups for plenary evaluation under tutorial
control;
(S).before plenary discussions start, material is distributed
which indicates the output which is expected from the
groups during
the previous phase (see appendices 2.1,

2.2,2.3).
4.

CHOICE OF THE SUBJECT

Before describing the game in more detail, it seems
worthwhile to indicate the requirements regarding the
subject to be chosen.
Because the main purpose of the exercise is to
emphasize some operational aspects of the whole
process of systems work, a realistic problem area must
be selected. For this reason, an administrative process is
chosen from the municipal sphere.
The scope of the problem is also relevant, considering
the underlying idea that the game should enable the
student to discover the pitfalls of applying some formal
methods and techniques taught in the course in a
practically oriented environment. The consequence of
this is that the problem should not be too complicated.
The subject selected must primarily serve the t- ,jning
process and not the learning process; it must stimulate
the problem-solving attitude and skill of the student,
not hamper it.
Summarizing the basis of the objectives of the game and
level of participants:
the problems area selected should create the "real"
atmosphere of a pratical situation as much as possible
for students who are inexperienced in a systems work.
The subject actually chosen is either a sub-system of a
municipal social security service or part of the population
registration system which are both actual subjects of
automation.

5. THE GAME ITSELF
The program of the exercise is shown in the figure,
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Scheme I. From this scheme, it appears that the phase of
the systems design is given relatively less attention than
problem definition, analysis and implementation of the new
system. This is because the formal course includes some
exercises of systems design of cases, and because this kind
of exercise is felt to serve the objectives of the game only to
a limited extent
A short explanation of the concept and contents of
each phase of the exercise is given below:
5.1 The program of the four days is distributed so that the
main steps of the game are listed and the most relevant
objectives explained; the game concept is stressed.
5.2.1t is required that each group considers the steps to be
taken and the strategy to be followed in order to fulfil
the assignment. The main task is introduced by a letter
from the director of the municipal service (social service
or population registration) sent to the director of the
municipal computer centre. In this letter, he requests an
investigation into the particular sob-system regarding
the possibility of introducing automation taking into
account some existing bottlenecks.
5.3. The plan ·of action of the different groups is discussed,
using a check-list distributed by the tutors. Differences
between what should appear to be done and varying
actions considered by the groups are analyzed.
504. The first interview is executed (504.1). For the role of
interviewers, employees of the particular service. are
chosen who are actually involved in the change-over of
their system to an automated one. During the
interview(s) all the formal input and output material
of the old system is at hand. This material is handed
over to the group only if they ask for it. So, one group
can possibly finish the first interview with more
documents on hand than others may have.
After evaluating results of the first interview (504.2),
the groups get an opportunity of completing the
problem analyses and of gathering information
relevant to the design phase for a second interview
(504.3).
Beforehand, the suggestion is given that groups
concentrate their efforts regarding the first interview
on the existing situation and, the second, on the needs
of the client. Due to inexperience, most groups are
rather unsystematic in their approach (not with
standing the plan of action made in phase 5-:2),and so
this goal is generally not achieved. Because of this, the
first interview is therefore kept rather short and,
particularly after this, the groups 'discover' the value
of a systematic plan of action.
5.5 The results of the interviews are systemized by the
groups, and
5.6 discussed, in a plenary group, on the basis of tape
recordings of the actual interviews by the groups
(selection of relevant parts) and personal observations
of the tutors during interviewing. Some check-lists are
handed out on aspects that should have been covered
in the interview analyses. Regarding the interview
evaluations, several practical rules are stressed.
5.7 Participants determine the main elements of the
systems design, eliminating the existing bottlenecks
found in former phases, and provide the different
output documents.
After an individual orientation (5.7.1), the solution is
worked out per group (5.7.2). The results of each
group are presented to the other groups in plenary
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session (5.7.3) and discussed, particularly concerning
the logic of the design, whereafter, a presentation is
given by the project leader involved on the actual
solution chosen and implemented for the. municipal
service selected (5.704). The flow chart, plus input and
output forms, are distributed.
5.8 The groups have to consider the problems of the
implementation of the new system. Four areas of
concern are stressed here, namely:
cost factors of the systems activity (analysis, design,
testing, production and implementation);
introduction of the concept of automation into the
municipal service involved (introduction courses, etc.);
aspects concerning the transfer to the production
department of the computer centre of the new system
(conversion, testing, production);
introduction of the new system in detail in the
department(s) of the organization involved (training of
personnel, parallel operations, etc.).
5.9 Each of the four groups presents one of the four
subjects mentioned in (5.8). Check-lists are distributed
and all group efforts are evaluated in plenary session.
5.10 The complete game set-up and its execution arc
discussed in the plenary group. Moreover, each
participant is requested to complete an evaluation
form some weeks afterwards.
6. EVALUATION
In systems work, orientation towards organizational
structure and the personnel behind the projects assigned are
of major importance to the systems designer. This
determines the quality of the systems analysis, both as
regards design and implementation and, therefore, the value
of the new system to the user. In the concept of a
game-oriented systems exercise as described, it seems
worthwhile to stress these aspects.
The game was enthousiastically received by participants,
not only at the time, but also after they had been working
in the systems field for a year. One may conclude,
therefore, that the object of the exercises had been
achieved; the student grasped some practical aspects of his
future task and got a better understanding of the reason
why different subjects are taught during the course and of
their value as an application tool.
A striking example is one of interviewing. This subject is
handled in the course, and an elaborated syllabus
distributed. Even if one

organizes

some

exercises in

interviewing during the course, the 'performance' by the
administrative representatives of the municipal service in
the game achieved a much more realistic environment; some

communication difficulties with the interviewers (handling
over of material at hand for example) were given serious
attention. Some other important conclusions about the
game concept were:
6.1 On one hand, the exercise is a game, too much
complexity is therefore avoided; for example, the
judgement of the groups if automation of the
sub-system presented (in terms of costs, etc.) is
eliminated. Furthermore, the partial approach (only
considering a sub-system) is a limitation. Also, the
computer configuration for the systems design is given.
On the other hand, in the plenary evaluations, the
tutors emphasize the performance of the group against
standards taken from practice. So, there is a kind of

mixture of the game element and of the realistic
aspects. This may sometimes bring conflict; the
students may try to find excuses for their mistakes in
the set-up and limitations of the game.
6.2 The size of each group should be restricted to 4
persons; because the students are inexperienced,
inter-group discussions are particularly relevant. If the"
group is larger, these discussions are difficult to achieve
effectively and some participants (the weaker ones)
tend to playa more passive role.
6.3 The tutors have to be experienced in the field of
systems work; their role is a difficult one. Although the
group work plays a central role in the game,
participants tend to be rather unsystematic regarding
the organization of their work in the group. Moreover,
after the first interview, most of them show a
recognizable feeling of uncertainty, becoming aware of
their lack of experience in applying techniques and
methods taught as operational tools. The tutors
therefore have to keep control over the activities of the
groups, but, to such an extent that the groups do not
see this as a disturbing influence on the game process.
As an example, the ineffeciency of the work
organization within the group should not be criticized
too quickly. and strongly.
6.4 The participant (inexperienced) requires that the
different assignments are presented very clearly. So,
unless asked for, the groups will perhaps present only
one solution or suggestion, without indicating the
alternatives involved and the reasons for their choice.
6.5 Some participants express a need for an individual
evaluation of their work; which indicates that, for these
participants, the group structure is not sufficient for
them to acquire confidence in their personal capabilities. From earlier observarions and intermediate

examination results formulated during the course, it
appeared that this applied primarily to the weaker
participant.
6.6 During the game, a rather striking distinction can be
observed between those having an organizationallyoriented attitude, and those having a stronger affinity
towards hardware.

Scheme l
PROGRAM OF THE GAME

First day
5.1

5.2
5.3

tnrroducrton to participants
contents of rhc game
planof actlon
evaluation

of

objectives

and

SA
5.4.1 first interview
5.4.2 evaluation
5.4.3 second inter vicw

\'4 •

•
•

Second day

5.5
5.6

evaluation interviews
evaluation interviews

5.7

5.7.1 individualorientation on systems design
5.7.2

SYSIl~Il1S

I •

1

design

Thirdday
5.7.3 evaluation

2

5.7.4 presentatiun 0(501u11011 implemented
5.~
plan of action for the implementation of new system
5.Q

1
.3

3

evaluation

5 10 evaluation of exercise

1

.··..
·

APPENDIX 1
Material distributed during the game (see also scheme I).
5.1
timetable of the program
explanation of purpose and set up of the game

letter from client asking for assistance.
5.3
phases of process of systems work (see appendix 2.1).
5.4.2 check-list concerning items of problem definition interview.
5.6
check-list of system elements which should be known after
interviews.
description of existing information flow in problem
involved, plus quantities of files, transactions, etc.
5.7.1 parameters for the systems design.
check-list elements of input controls.
5.7.4 flow-chart actual solution implemented
input and output documents used.
5.8
time schedule for the problem studied (from letter to final
production via computer centre).
assignments on: introduction of automation, cost factors,
transfer to production department, and implementation.
5.9
check-list on four subjects of 5.8 (see appendices 2.2 and

2.3).
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2.
2.1

APPENDIX 2.1

Stages in an automation project
I.

PRELIMINARY STUDY
determining desirability and usefulness of the application of
automation in the problem area(s) involved;
problem analysis, in which the bottlenecks of the problem are
analyzed in detail, according to quantitative and qualitative
information (nature and size of problem);
overall analysis of actual situation, especially with respect to
elements which remain important in the new set up;
determining the various technical and organizational require-

ments to be fulfilled by the project with respect to a possibly
new system set up (input/output, frequencies, structure, etc.);
defining input/output requirements, as well as costs and
(expected) revenue (past and future), indication of possible
computer processing procedure and overall measures to be
taken on completion of the preliminary study in the form of
a report. This should also state the way in which discovered
bottlenecks are to be removed.
2.

PLANNING AND MANPOWER
SYSTEM STUDY (I, 3 and 4)

N.B. Several aspects mentioned .above are not primarily or
exclusively a part of the system programmer's task.

REQUIREMENTS FOR

determining the size of the study as an indication for the
manpower required. taking into account the time needed or
available;
determining the way in which the study should be
undertaken, organizationally (carried out by whom; structure,
such as steering group, working groups);
devising a plan for the study, and determining the pain ts on
which follow-up is to be reported, and the way in which this
should be done;
determining the way in which the study should be undertaken
professionally, with particular respect to documentation of
various activities within the framework of the study.
3.

2.2

APPENDIX 2.3

Organizational supervision of an automation project
I.

SYSTEMS ANAL YSIS & DESIGN

thorough analysis of the actual situation, in which size and
depth of the analysis should be derived from the 'delimitation
(input/output) formulated during the preliminary study for
the new system;
drafting a systems design (which itself can be done in phases,
depending e.g., on the complexity of the problem).
4.

EXECUTION AND IMPLEMENTATION OF THE SYSTEMS
DESIGN

determination of the form and the way in which the new
system will be practically realized;
preparation, both organizational and technical, of the
implementation of the systems design;
implementation of the new design. in phases or as one
activity. as well as supervision of its opera tion in the initial
phase(s); possibly adapting to relevant unforeseen or modified
factors;
post-implementation supervision, and transfer to user.
APPENDIX 2.2

Aspects of execution and implementation of systems design
Starting-point: availability of systems design and description of
.procedures, forms, etc.

I.

11/444

USER·ORIENTED
preparing design implementation
introduction of new system; when, how. to whom;
training personnel directly involved in execution with new
system; preparing procedures, instructions, etc, (possibly in
co-operation with internal organization department);
informing personnel indirectly involved with the new system
(management and others); how. who is to do so, when;
planning, determining planning control procedure;
preparing necessary organizational modifications (delimitation of tasks, task structure. communication, etc.).
introduction and post-introduction support
.
actual support of user with first conversion to new system;
preparation of transfer to user;
.
adapting system in view of substantive, unforeseen factors, in
consultation with user (and production);
evaluation of first results of new system in operation:
post-introduction support, including final transfer of system
documentation to user;
conversion planning.

COMPUTER-ORIENTED
conversion preparation;
preparation for test production and definitive production
(phased structure in terms of time; stand-by facilities, internal
with unforeseen circumstances);
transfer of system documentation on the way production and
quality control should operate;
determining, in consultation with user, a planning schedule
for a new system operation (providing data from user,
processing period and time, providing output, designating
responsible man for delivery.

2.

INTRODUCTION (GENERAL INFORMATION)
why docs the organization, or part of it, consider automation
(bottlenecks, etc.);
what exactly is automation (emphasis should be on
non-technical aspects and meaning);
in what way is a project, in general, methodically tackled
(study phases, execution, results of each phase);
in what way arc personnel in the organization area involved
aware of project follow-up (feedback of intermediate results
in the form of a description of an existing situation,
preliminary system approach (design, introducing the new
system in phases, ctc.):
organizational consequences of automation:
job security
centralization
more rigid discipline (standardization/formalization)
changes in responsibility and authority
man-machine interaction; finding an optimum
weight of personnel organization, etc.

PREPARATION OF IMPLEMENTATION
transfer of contents of systems design to management with
respect to (sub)area (feeling whether system fulfils requirements as much as possible);
introduction of organizational steps to be taken with
implementation, as e.g.,
conversion
overtime
parallel running
personnel instruction (new forms, other procedures, etc.)
presentation of new procedure to those involved through
individual or group introduction (depending from changes);
supervision of new procedure as a test (even without further
computer processing, in other words, oriented on input only);
illustration of inevitable problems to be expected, such as
e.g.:
some part of the work is bound not to run smoothly
discovering new viewpoints
flaws in specific parts of the design (e.g. obscure forms, other
ouput format, etc.)
N.B. All previous topics stress the need for close co-operation with
the user, as well as gradual transfer through intensive support.

TEACHING A RATIONAL APPROACH TO
PROGRAMMING
C. J. Simensen

1. INTRODUCTION

Current training programs do not teach students the
process of programming, but rather how to use the tools
with which to program. Typically, before the student
begins to design and implement programs, he learns a
programming language and the control parameters that he
must use to interface with a specific operating system. The
nature of his additional training will depend upon his
position in business, or the curriculum he pursues in the
university, and will extend further into the use or design of
operating system components. Yet, curiously, the student
will probably never receive instruction in the process of
programming; i.e. the rational, step by step process that one
follows in the design and implementation of a computer
program. We teach students to program, ",.. like the Wright
brothers built airplanes - build the whole thing, push it off
the cliff, let it crash, and start over again." Graham (1969.)
There are several explanations why this condition
continues to exist.
The process of programming is taught by demonstration
or examples in a programming language, not as a
technique.
A rational programming procedure, independent of a
programming language, is difficult to teach effectively.
If the programming process is viewed as the application
of a set of tools to the solution of a problem by a human
mind, (fig. J.D.) then the thought processes involved in the
application can be clearly distinguished from the tools.
More precisely, the thought processes exercised in analysis
of the problem to be applied to the problem, can be viewed
as distinct from the tools and the problem, and associated
with the mind. While the relationship between the problem
and the tools is taught adequately in current training
programs, the student is shown only the results of thought
processes through examples, rather than taught the rational
steps in the processes.
It's as if we taught students to skillfully use carpentry
tools, showed them a finished house, told them how the
components of the house had been constructed and then
had them build a house. By applying the tools that they
had mastered, and by using the finished house as a model
they would eventually be able to construct a house, but
only by following the iterative procedure, trial and error. In
addition, they would be bound initially by the imperfections in the original model. An improperly laid floor in the
model would be reproduced in the copy.
2. THE ANALYTIC PROGRAMMING PROCEDURE
As a programming instructor, this author has noted that
a beginning student, left on his own, will usually follow one
of two procedures in designing and implementing a

program; the Kludge Procedure, or the Iterative Procedure.
The Kludge Procedure can be exemplified by one student's
statement, "The program seems to work most of the time.
When it doesn't, I'm not sure why, but it could be right
here so I think that I'll change this address and then I'll ..."
The Iterative Procedure is the method used by most
practicing programmers. H is the familiar, design-implement.execute·debug.modify·execute·debug, loop, which is
the same as the Wright brothers' method mentioned earlier.
The Analytic Procedure is more rational than either the
Kludge or Iterative Procedures because it approaches
problem solving as a logical, step by step process. The
divisions of the Analytic Procedure are; understanding the
problem, devising a plan for the solution of the problem,
carrying out the plan, and looking back over the solution
Polya [1957].
In applying the Analytic Procedure to the solution of
programming problems, understanding the problem can be
sub-divided into defining or analyzing the problem and
separating or partitioning the various parts of the problem.
For the purpose of this discussion, the divisions of the
Analytic Programming Procedure are considered to be:
Program Analysis
Program Partitioning
Solution Planning
Implementation
Verification
Program Analysis is the definition of a program in terms
of the inputs available to the program, the function applied
to the inputs, and the resulting outputs.
- Program Partitioning is the process of separating the
results of program analysis, the program definition, into
manageable elements.
- Solution Planning involves constructing a graphic implementation plan for each partitioned element of the
separation process and the integration of these elements
into a total solution plan.
- Implementation is the conversion of the Solution Plan
into a programming language and the execution of the
program.
- Verification insures that the definition of the program,
as determined in program analysis, has been satisfied.
While the Analytic Programming Procedure is not
completely distinct from the Iterative Programming
Procedure, its application serves to significantly reduce the
number of iterations required to produce a working
program. H also provides the benefit of more accurate
program documentation and therefore, improved maintainability.
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In teaching the Analytic Programming Procedure, stress
should be placed upon clarity and accuracy in program
design and implementation, rather than cleverness. As
Hamming has stated, " ... we need to distinguish clearly
between cleverness and genuine understanding. Cleverness
was essential in the past, it is no longer sufficient."
Hamming (1969]. The Procedure should guide the student
toward viewing Programming as an emerging discipline and
begin to prepare him for the day when confusion yields to
order.
If we accept the Analytic Programming Procedure as a
viable approach to teaching more rational programming,
then it is necessary to develop a pedagogical technique that
will guide the student in applying this Procedure to the
design and implementation of programs. There are three
major requirements for such a technique.
I) The student can clearly distinguish between the steps
in the procedure.
2) The thought processes occurring in. each division of the
procedure must be made visible.
3) The entire pedagogical technique must not be overly
burdensome to the student.
For the student to distinguish between the steps in the
Procedure, the output of one step should become input to
the next; that is, the results of Program Analysis become
the input to Program Partitioning, the results of Program
Partitioning become the input to Solution Planning, and so
on.
To make the thought processes that occur in each
division visible, the pedagogical technique must require the
student to record information in a prescribed order and
format, either before, or as he evaluates the information.
This process is central to the entire Analytic Programming
Procedure. Only when the thought processes used in
applying the tools to the problem are visible, can the
student subject these processes to rational evaluation.
The criterion that will determine the effectiveness of
the technique is whether the student continues to apply the
concepts of the Analytic Programming Procedure,
developed through the pedagogical technique, to his
programming after he leaves the training environment. To
accomplish this objective, the student must be convinced
that by making the predocumentation at the proper
moment, and using it, he will improve the efficiency with
which the entire program is designed and implemented.
Dijkstra [1965.] He must also have learned from his
experiences that using the Iterative or Kludge Procedure
will be far more time cons consuming arid frustrating.
3.

A PEDAGOGICAL TECHNIQUE

In developing and using a pedagogical technique that
satisfies the three criteria mentioned above, the trainer
must be careful not to let this technique overshadow the
concepts of rational programming that it teaches. We are
trying to teach the Analytic Programming Procedure, not
the pedagogical technique. This is particularly important in
teaching the Procedure to experienced programmers who
will find problems to which it is difficult to apply the
pedagogical technique. If the trainer chooses to defend the
technique he well find that, "AII too often the why or what
of a thing gets lost in the confusion of using and improving..
it. Blinded by our narrow viewpoint or infatuated by our
own cleverness, we pursue specific aspects and allow the
overall value of the thing to stand still or even retrogress."
Berg (1970.]
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The student must understand that the pedagogical
technique is an artificial instrument that, when used
properly, enables him to gain insight into the method he
uses in designing and implementing programs.
With these considerations in mind, the pedagogical
technique that we have developed has been kept both
simple and flexible. The relative simplicity of the technique
satisfies the criterion of the previous section, that
predocumentation should not become overly burdensome.
Its' flexibility allows the student to shape the technique to
his own thinking, within the bounds of the Analytic
Programming Procedure.
To guide the student through the divisions of the
Analytic Programming Procedure, we have developed a
senes of forms and a check-list. The forms are for the
following areas: Program Analysis, Program Partitioning,
and Error Analysis. The check-list details the steps in the
technique. This approach is not new in problem solving.
Several high sophisticated formatted procedures have been
developed in management problem solving and decision
making. Kepner et al. (1965.]
The student is first introduced to the technique through
a comparison of the Analytic, Iterative, and Kludge
Programming Procedures. A sample program is run through
each of the Procedures in a visual presentation so that the
student can clearly distinguish between the procedures. The
general activities that occur in each division in the Analytic
Programming Procedure are presented and the student is
introduced to the technique check-list, The check-list is
used by the student in completing the Program Analysis,
Partitioning, and Error Analysis Forms. It also details the
steps that the student follows in Solution Planning,
Implementation and Verification.
4. STUDENT CHECK-LIST FOR THE PEDAGOGICAL
TECHNIQUE
PROGRAM ANALYSIS
Specify
Program
Level;
(system,
subsystem,
component, unit, function segment.)
Specify Program Statement.
Specify Program Domain, storage medium and

representation in storage medium.
Specify

Program

Range,

storage

medium

and

representation in storage medium.
Specify Processing Steps
Input
Processing
Output
PROGRAM PARTITIONING
Construct element process chart.
Specify program elements.
Specify Inputs and their sources for each program
element.
Specify outputs and their destinations for each program
element.
SOLUTION PLANNING
Construct a detailed flowchart for each program
element.
Integrate program element flowcharts.
Verify interfaces between program elements.
Has function segment level been reached? No, return to
Program Analysis for next program element. Yes,
continue to Implementation.

IMPLEMENTAnON
Convert
the
program
flowchart
to
a
programming language.
Transfer coded program to a storage medium
(card, tape).
Verify the accuracy of program representation in
storage medium.
Complete Error Analysis.
Specify possible errors.
- Specify likely causes for possible errors.
- Specify preventative action to be taken, or accept
risk of occurrence.

- Specify trouble indicators for possible problems.
Compile or assemble program.
Correct coding errors indicated by diagnostics.
If diagnostics indicate design error, isolate error and
return to Program Partitioning.
Desing program element to correct problem and
proceed through solution planning and implementation
with corrected element.
Execute program.

VERIFICATION
Compare program output with program range established in Program Analysis. If program output lies
outside of range, go to data verification. If error
condition not isolated, return to next step.
Check trouble indicators for occurrence of anticipated
problems. If error occurred, return to Program
Partitioning and begin design of program element to
correct error condition.
Verify program input; if manipulated before processing,
verify both before and after manipulation.
Verify information flow and check branch points for
each program element. If error discovered, return to
Program Partitioning and begin redesign of program
element(s). Follow through Solution Planning, Implementation and Verification.
The following paragraphs present a detailed discussion
of each of the steps in the pedagogical technique, as
outlined in the student check-list.
Program Analysis requires that the student; determine
the program level; specify the program statement, program
input, program output, and program processing steps. The
student is directed through these activities by the Program
Analysis Form (fig. 2.0).
To determine the program level, the student must
establish whether the program is a system, a subsystem, a
component, or a unit; e.g. a total operating system is a
system, the supervisor is a subsystem, the coarse scheduler a
component, and the control stream interpreter a unit. If it
is determined that the program is a subsystem, then
Program Analysis, Program Separation, and Solution
Planning must be completed so that the subsystem is
separated into components. This cycle is repeated for each
component, separating the components into units. Program
Analysis, Partitioning, Solution Planning, Implementation
and Verification are performed for each unit. Implementation and Verification are then completed at the Component
and finally at the subsystem level.
Essentially, the approach that we have taken is one of
top down design, combined with bottom up implementation and verification (fig. 3.0).
The program statement indicates in one or two
sentences the objective of the program. It serves to focus

the student's attention on the component, unit, etc. under
consideration, and identifies the particular program element.
Specification of the input, (domain) and output,
(range) includes the following: name or description, storage
medium where input or output exist or will finally exist,
and the representation in the storage medium. The
representation could be the field description of a punched
card, tape format, direct access storage file description, core
table layout, or others.
Function specifications indicate how the input is to be
manipulated before processing, what will occur during
processing and how the results of processing will become
output.
Program Partitioning is the process of separating a
system, subsystem, component or unit into elements of the
next lower program division. Units are partitioned into
elements called function segments. A function segment is
the smallest program element. It is the final stage of
program partitioning and also provides the starting point
from which the student begins implementation. We have
had difficulty in constructing a function segment definition
that satisfies each student's conception of a prirnative
program element. The student's level of programming
experience, the programming language that he will use in
implementing. his solution, and his unique reasoning
processes, enable him to develop a satisfactory definition,
relative to the program that he is designing. The following
attributes are common to most students' definitions: a clear
interface with at least two other function segments; one
unified process; a maximum of one decision or branch
point. More subjectively, one should be able to explain the
processing which occurs in a single function segment with a
short sentence.

In program partitioning the student must; construct a
process chart, specify the program elements, specify the
inputs for each program element, and specify the outputs
and the destination of outputs for each program element.
He is guided through these activities by the Program
Partitioning Form (fig. 4.0).
The process chart traces the data flow through the
partitioned program elements.
Program elements are assigned an identifying name. A
description of the inputs to each element along with the
source of the inputs is indicated. Outputs from the element
and the destination of the ouputs are specified.
The student obtains the information required to
complete Program Partitioning from the Program Analysis
Form. The process chart assists him in visualizing the order
in which the program elements are to be applied to the
data.
Solution Planning is the process of constructing a
detailed flowchart for the program element under consideration.

By referring to the Program Partitioning Form, the
student can construct the element flowcharts. The element
flowcharts are then combined to form the flowchart for the
next higher element: e.g. flowcharts of function segments
are combined to form a unit flowchart. Function segments
are not usually flowcharted on separate sheets due to their
relatively small size. However, they should be combined
into a unit flowchart only after they have been separately
flowcharted. This will insure that the student considers and
plans each interface between program elements.
Implementation is the conversion of the flowchart to a
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programming language and the subsequent compilation or
assembly and execution of the program.
Following the coding of the program, the student
transfers his code to a machine sensible storage medium,
(punched cards or magnetic tape). The accuracy of the
program representation in the storage medium is verified.
At this stage of implementation, the student begins Error
Analysis.
Error Analysis is the process of anticipating and
planning for the occurrence of program errors that may
appear during execution.
The Error Analysis Form, (fig. 5.0), directs the student
in specifying possible errors, possible causes of these errors,
taking preventative action in advance of program execution
where possible, and establishing a trouble indicator to signal
the actual occurrence of an error.
In attempt to isolate possible problems, the student
reviews the Program Analysis Form, the Program Partitioning Form, the complete program flowchart, and his
coding. If a possible error is discovered, the student
indicates the likely cause(s) for the occurrence of the
problem. If the error can be prevented from occurring
within the limits of the program size and definition, the
student returns to the Program Partitioning Form for that
element, adds the new program element and carries it
through Solution Planning and Implementation. If prevention is not attempted, the student specifies under trouble
indicator what the nature of the error condition would be.
and at what place in the program the error condition would
be visible if the problem occurred.
The next step in implementation is the compilation or
assembly of the program. If diagnostic appear due to coding
errors, the studen t corrects the coding and executes the
program. If, however, diagnostics indicate design rather
than coding errors, the student must attempt to isolate the
faulty program elernenus) and return to the Program
Partitioning process.
Following the execution of the program, the student
proceeds to Verification.
Verification is the process of insuring that the results of
program execution satisfy thc definition established in
Program Analysis. In completing Verification, the student
will also attempt to discover program errors that might
deleteriously effect future executions of the program.
The initial procedure in Verification is the comparison
of the output with the program range established in
Program Analysis. If the program results lie outside of the
range, the student is directed to data verification.
The next procedure is to check the trouble indicators
for the occurrence of an anticipated problem. If an error
occurred, the student returns to Program Partitioning,
where he will begin to design and then implement the
program element necessary to correct the problem. If the
trouble indicators do not signal the occurrence of an
anticipated problem, the student continues.
The input data, as it appeared to the program, is
verified. If it was manipulated during input, it should be
printed out both before and after the manipulation.
The final step is verification of the information flow
between elements and a check of the branch points within
each program element. This is accomplished by comparing a
post mortum dump or snapshot dumps with the Partitioning Form and the Program Flowchart. If at any point in
Verification the student discovers program errors, he
returns to the Program Partitioning Form and proceeds to
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incorporate changes in thc program element by following
Solution Planning, Implementation, and Verification.
5.

COMMENTS ON THE TECHNIQUE
Upon first

reading, the pedagodical technique may

appear involved or unnecessarily complex. However, in OUf
training environment, it is reasonably easy to teach, and to
apply to the design and implementation of computer
programs. Student programs are function segment, unit, or
component level programs. One demonstration program is
expanded to the subsystem level, but the student never
programs above the component level. This reduces
considerably the level of complexity in the use of the
technique. Since the rational processes involved remain
essentially the same at each program level, it is not
necessary to expand the technique to more than a few
levels.
The technique is not a program design philosophy. The
student is encouraged to apply the Analytic Programming
Procedure, but not the pedagogical technique to his on the
job programming assignments. The technique is an
educational tool. Its only purpose is to give the student
insight and understanding of the thought processes he uses
in applying a computer, through a programming language,
to the solution of problems. It seeks to encourage the
student to impose order and discipline to the programming.
In our training situation, the student must apply the
technique to only five programs. After this, he is
encouraged to develop his own approach to programming,
within the broad bounds of the Analytic Programming

Procedure.
We can not yet make any firm conclusions about the
effectiveness of the technique. The first group of students
instructed in the Analytic Programming Procedure has been
on the job for only a few months; thus, no valid
conclusions 011 their perfonnance can be made. However,
informal reports from their supervisors appear encouraging.
The ex-students seem to be preparing and using predocumentation, and require fewer computer runs to produce

working programs.

6.

SUMMARY
With the complexity of both operating systems and

applications systems rising exponentially, we can no longer
afforcl to indulge programmers in the luxury of cleverly
constructed programs that are unnecessarily difficult to
maintain. We need efficient, yet easily maintainable
programs. Improved or more thorough testing procedures
are not the answer. No matter how thoroughly we test, we
can test only a finite number of possible program
combinations.

The significant requirement for creating efficient,
maintainable programs is, designing and implementing more
effective, maintainable programs. The program designer and
the program implementer both share in this responsibility.
As educators we must teach our students that programming

is a rational process, as much as is airplane design.
Aircraft manufacturers stopped pushing planes over
sliffs to see if they would fly, years ago. We must teach
programmers that rational programming produces effective,
maintainable programs and requires fewer test flights to do
so.
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1. INTRODUCTION

1.1Background
It is widely acknowledged that during the 1970's the
United Kingdom will be faced with a very serious shortfall
of computer personnel, and of systems analysts in
particular. In 1966 the Minister of Labour projected that
this shortfall would be in the order of '12,000 or more
systems personnel'. Despite this awareness of the problem
and irrespective of any attempts to deal with the problem,
in 1969 the Department of Employment and Productivity
stated that revised estimates now put the shortfall to the
order of '15,000 systems analysts by 1970'. It is distinctly
possible that a crippling lack of systems analysis will be the
major factor inhibiting the development of soundly based
computer systems in the next decade.

tool of functional departments, to their new and
exalted posts within 'Management Information Systems' and large 'Real Time Systems'.
2. A review of some currently adopted methods Of
systems analyst training, and some comments upon
currently held views of a desirable educational
background and experience.
3. The conclusions that:
The methods of training reviewed in Section 3 are
inadequate to meet the changing needs of industry
These changing demands as outlined will require of the
systems analyst a much greater technical competence
not only in the field of 'computerise', but primarily in
the areas of 'Information Technology', 'Operations
Research' and 'Systems Engineering', sciences not
pfesently considered an essential arm of the systems
analysts methodology.

1.2 Purpose of this paper
It is the contention of this paper that not only will we
be faced with shortfall of people, but that the currently
prevailing views of systems analyst training and education
will ensure that a large number of the systems analysts
available in the future will be inadequately, and more
important, mistakenly trained to meet the changing
demands of industry.
P.E. Rosgrove has pointed out that 'As business and
governmental organisations increase in size and complexity,
familiarity with operations of part of the organisation by
top management no longer ensures efficient overall
functioning. The manager's tasks are complicated by the
fact that he must concern himself with a large variety of
variables which affect his organisation in non-linear
fashion'.
ROSGROVE (1968). As early as 1961 J.W. FORRESTER concluded that as a result of these same factors
'in management as in engineering, we can expect that the
interconnections and interactions between the components
of the system will often be more important than the
separate components themselves'. FORRESTER (1961).
During the last decade management has awakened to
the need for quantitative techniques to enable them to
measure the effects of the interconnections and interactions
referred to by Forrester. There appears however to be little
awareness of this same need in the field of systems analysis.

2. AN ANALYSIS OF CHANGING DEMANDS
2.1. When computers first made an impact upon
business, in the late 1950's two factors were particularly
significant in determining the scope and direction of their
development.
2.2. One of these factors was the traditional division of
company activities into relatively independent and functionally differentiated areas such as marketing, production,
distribution, research, accounting, personnel etc. The integration of these sub-units of our organisation had always
presented a problem, and frequently the problem was not
so much solved as accepted, the necessity made to appear a
virtue. The pyramidal organisation chart (fig, 2.1), with
which we are probably all familiar, whilst often out of date
and inaccurate into functionally delinated areas and of the
formal pattern of responsibility which was totally oriented
towards a vertical information flow. Reports filtered up,
instructions cascaded down, according to formal and established patterns. Any lateral information flow would be the
result of an informal but sometimes exceedingly efficient,
infrastructure which became superimposed upon the formal
organisation. Figure 2.2 suggests thus, formal organisation
from point A to point B with the superimposed informal
infrastructure operating through points C to E.

1.3 The structure of this paper
This paper is structured into three sections,
I. An analysis of the changing demands placed upon
the 'systems analysis' function as computers progress
from their earlier, and comparatively humble, role as a

2.3 The second factor of significance was managements
view of the computer function which, with the exception
of an enlightened few, could be summed up as 'The
computer can do what was done before with greater speed
and accuracy'. This conceptual astigmatism was responsible
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for the fact that as late as 1964 one authoritative view
could be stated as 'I would estimate that 80 per cent of the
processing time on computers in the United Kingdom is
being spent on simple bookkeeping applications'. McCRAE

(1964).
I would like to take this view further and state my
conviction that something approaching this proportion of
total computer time was being devoted to applications
which had been implemented without reference to the
effect of the implcmentation upon the overall company
system performance, The vertical orientation of company
structures prevailing during the early sixties and the
tendency to view company activities within the context of
compartmentalised functionally defined sub units was
largely responsible for the inability of management to
conceive of the computer role other than as a tool of
functional departments, replacing traditional processes and
operations within the existing departmental (functional)
boundaries. The result of this functional orientation on the
part of management was a demand for computerised 'order
processing systems', 'inventory recording systems" 'sales
accounting systems', etc., which systems analysts designed,
programmers programmed and which were duly implemented. The accompanying euphoria was all too often
short lived. Whilst the implementation of new systems
within these functional constraints were often able to show

an improvement in the behaviour of the one sub-system
there are all too few instances of an evidenced contribution
to the performance of the total system. The reasons
advanced for the absence of such evidenced contribution

are numerous but all seem at some point to be based on the
difficulty of applying quantitative techniques to the
evaluation of system-interfuce efficiency. This difficulty is
very real and it is the lack of skills in this area which have

prevented the systems analyst from making the required
reference to overall system performance when evaluating
projected sub-system developments. Quite simply as the

consequence of a luck of certain quantitative techniques my
systems analysts have founded

their careers upon the

corner-stone of systems which made no effective contribution to the optimal utilisation of company resources.
2.4

The factors which enabled this situation to exist can

be summarised as,

One writer concluded as early as 1960 that the
contemporary nonintegrated approaches to applications of
information are purely tcmporaryvAs familiarity with the
capabilities and potentialities of the technology of
high-speed digital computers increases, the nature of the
equipment will 'force' an 'integrated systems concept of
management control' in business applications,
Mann (1960).
In the JO years since this statement was made
computers have grown up, and management has become
much more aware of the potential of the digital computer
as tool of an integrated system. The question which must
be asked is 'have systems analyst progressed apace of these
developments? '
2.5
Figure 2.4 is a conceptual rather than actual
representation of an 'order processing/inventory control
system' that may have been considered an 'advanced' or
'sophisticated' treatment of the requirement by industrial
management as little as nine or ten years ago. The prime

significance of this concept was its lack of impact across
sub-system boundaries. It was possible to conceive, design
and implement such a system within an existant functional

constraint.
Figure 2.5 again is conceptual, this time of a system
that management may well consider as todays approach to

an integration of sales, inventory and production activities,
providing additionally, an interactive management information service.
It is immediately apparent that the impact of any such
system will be felt across a wide spectrum of company
activities. It would have been impossible to even conceive
of such a system within a functionally constrained
organisation. Most important, for the design of such a
system to be effective within the total company system. a
full understanding of the effect of the implementation
upon the sub-system interaction would be necessary. The
design of a system such as that indicated in Figure 2.5 will
require a set of skills far in excess of those which were
required to implement that shown in Figure 2.4.
In the early design stages of any integrated system
involving terminal access, and I do not mean just the
proverbial 'Air Line Booking' giants, the systems designer
needs to be able to provide answers to a large number of

I. A lack of understanding, on the part of management

questions such as 'what will be the effect upon cost of

of the complex infrastructure which exists in an
organisation and which affects the organisation in a
non-linear fashion.

various response time criteria?' 'what will be the
organisational and cost effect of various patterns of
terminal siting? ' 'what are the ergonomic implications of
projected man-machine interface situations?' A cornpre-

2. A lack of appreciation by management of the effect
that computerisation within the vertical structure of an

organisation could have upon this infrastructure.
3. A lack on the part of systems analysts of any
appreciation of the two problem areas mentioned
above, coupled with a lack of skills to deal with the
infrastructural complexities even if he became aware of
them.

As a generalisation the first two conditions enumerated

hensive list of relevant questions would exceed both the
space and the time available to this paper, but it is
important to realise that a qualitative answer to most such

questions is inadequate. The answer to virtually all such
questions of a specifically economic nature must fulfil two
fundamental demands. It must be quantitative and it must
be seen to fall within a specified accuracy range. The ability
to fulfil these demands require of a systems designer a real

above no longer exist. During the 1960's management not
only became aware of these problems of lateral and vertical
integration but in many instances began the long haul

understanding of

towards an integration of both functions, or operations,

With so many sub-systems interacting within the
systems, and the effectiveness of the concept dependant
largely upon the suceess of the sub-system, interface, there
arises a need to apply 'optimising' and 'sub-optimising'
programmes to the various design theorem postulated, one
further needs to apply mathematical and logical system test

and levels of management. The evolution of business
applications of digital computers led to a lateral broadening
of perspective which is represented in Figure 2.3 by the
development from point A to point B. This broadening of
perspective led to the lateral integration of functions.
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techniques such as 'queueing and

probability theory', 'simulation', 'modelling' and 'linear

programming'.

functions to any ensuing stages of synthesis.
2.6
The demands outlined in the proceeding section
make abundantly clear the fact that systems design in the
1970's wiII demand of the designer a set of skills not
specifically demanded earlier. Any decision to ignore these
new demands and to apply the same criteria to the complex
as one did to the simple will ensure that the problems of
the 70's will make the considerable problems of the 60's
appear insignificant.
3. A REVIEW OF SOME TRAINING SCHEMES
3. 1
A survey conducted during 1968/1969 by a very
respected firm of consultants Peat Marwick Mitchell & Co.,
the results of which were presented at the 'Datafair 1969',
included among its main points of conclusion the
following:
1. The only man who is more expensive' than an
inadequate systems analyst is the inadequate managing
director.
2. It is the intention of companies to reduce 'mainly on
the job' training and the use of manufacturers courses
in favour of internal training courses and those provided
by consultants.
3. Organisations are prepared to pay upwards of
£100,000 for a computer installation but regard the
cost of training staff to get some benefits from it as an
extravagance.
4. During the development of complex systems there
wiII be a requirement for problem analysts and
specialists in data base management, telecommunications, mathematical techniques, etc., MOORE (J 969).
Mr. Moore believes it is a matter of some satisfaction to
see the 'all the job' training replaced, particularly as some
companies rely on it as the only form of trainingat present.
I can only endorse Mr. Moore's view adding that the
theory which equates systems analyst training with
swimming instruction 'if you throw them in the deep end
they will learn to swim' has overlooked the high casualty
rate associated with this method of teaching, and in the
field of systems analysis failures are very expensive indeed.
This same approach has been the millstone of other young
professions and one must but hope that the lesson is being
learnt before too great a price is paid. One of the major
reasons advanced by companies for not using external
training was that the content of the courses was not geared
to users requirements, and in particular, there was too
much emphasis on hardware and too little on the problems
of the definition of the complete system. MOORE (1969).
This realisation on the part of management indicates
the point made in Chapter 2.3 that management has
progressed during the 1960's. The remainder of this paper
will be devoted to the questions of whether progress has
been sufficient and whether the training available will meet
industriesneeds.
3.2
According to the National Computing Centre the
number of courses for 'the education and training in the use
of computers' available during 1970 in the U.K. is in excess
of 1,300, offered by over 260 institutions - universities,
colleges, manufacturers, etc. NCC (1969). These courses are
broken down into thirteen groups according to the
qualifications, if any, awarded on successful completion of
a course. These thirteen groups are shown in Table 3.1.
Of the 1,300 courses in various computer studies listed
in the National Computing Centre publication only 82 are

courses in systems analysis and the distribution of these is
confined among two of the thirteen classes shown above.
40 in Group 5 and 42 in Group l2.
The only courses among the 82 which lead to any
formal qualification are the 40 provided by the National
Computing Centre. It is "also interesting to note that almost
the only courses which exceed one months full time study
are those provided by the National Computing Centre, see
Figure 3.1.
3.3
From the above it seems to follow that the courses
in systems analysis training most likely to make an impact
upon the profession during the next decade are those
currently being offered by the National Computing Centre,
for this reason I shall devote the remainder of this section
to the review of these courses.
3.4
The 'National Plan for Systems Training' as defined
by the National Computing Centre consists of a modular
range of courses designed to be slotted into a systems
analysts 'On the Job' training and practical experience. This
scheme is shown schematically in Figure 3.2, and the
syllabus of each module is shown in Tables 3.2 - 3.5.
3.5
The duration of each of module 1. and 2, the
preliminary courses, precludes anything other than a
superficial coverage of any of the very wide range of
subjects covered. For example in module 2, Business
Orientation an assumed total contact of 80 Ius. is divided
between 23 subjects. Assuming an equal distribution this
implies that approximately 200 minutes is devoted to each
subject. It further appears that of this time 66 per cent is
devoted to functionally defined training and only 33 per
cent to the problems of organisation. The syllabus of
module 1, Fundamentals of EDP, is devoted purely (0 the
technical aspects of the computer.
3.6
Bv far the most substantial module of the scheme is
the six-week full-time course 'Basic Systems Analysis'
which leads to the 'Certificate in Basic Systems Analysis'
awarded jointly by the British Computer Society and the
National Computing Centre.
This module consists in total of approximately 200
hours consisting equally of formal lecture time and
practical exercises. A glance at the syllabus (Table 3.4)
indicates immediately a bias towards what I would refer to
as the pure computer aspects of systems analysis. In fact
investigation shows that this bias results in 80 per cent of
the formal lectures being devoted to aspects of computer
systems and only four sections, Systems identification,
Business communication, implementation and Measures of
performance and cost, comprising 20 per cent of the
syllabus are devoted to more general management aspects
of system design. This bias reflects the fact that the course
has been designed by computer oriented members of the
National Computing Centre staff, assisted primarily by Data
Processing Consultants. The course shows virtually no
appreciation of the wider demands now being placed upon
systems analysts.
There is in this paper, unfortunately, insufficient time
to conduct an exhaustive study of the practical work which
constitutes 50 per cent of the course, but a brief survey
indicates that of the four case studies which are involved
only one, admittedly the most significant, professes to be
aimed at the design and presentation of a complete system.
This one case study however, suffers from three major
defects:
(a) As a result of time constraints the area of survey
has been somewhat circumscribed.
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(I:» The statement of the problem has been functionally oriented and leaves little scope for a study of
the problems of inter-action.
(c) An absolute minimum of financial or performance
data is given, the student is therefore unable to even
consider quantifying the results of any investigation.
These three factors again point to a desire to direct the
student towards a functionally oriented computer system
with no consideration of the company system implications.
3.7
In summary, the course is almost totally computer
directed. The underlying philosophy, that systems analysis
is exclusively a computer science, is a very dangerous
misconception, and in this instance has resulted in the
omission from this training course of even an introduction
to the sciences which were referred to in Section 2.5 as
essential tools of the systems analyst in the 1970's.
4. CONCLUSIONS
4.1
The preceding sections, whilst limited in scope, are
sufficient to justify certain conclusions:
1. The demands of management have changed significantly in the last decade, the demand for simple
functionally oriented applications which was the rule in
the sixties, will in the 70's be replaced by a demand for
sophisticated integrated systems the introduction of
which will have far reaching effects upon organisational
structures and performance.
2. The demands which these systems will place upon
the analyst will demand a range of quantitative skills
not currently considered an essential arm of their
repertoire.
3. There is little evidence of a current appreciation of
this changing demand within the field of systems
analyst training.
4.2
The preceding sections you may say constitute only
a criticism of the current state of the art, and like all
criticisms at first viewing it appears to be negative. It is my
contention however that only by being fully aware of the
shortcomings of our current approach can the need for a
drastic revision of training schemes be appreciated. It is
immediately apparent that the elements missing from all
available specifical systems analysis training are the
quantitative techniques which are of course a standard
element of the training within at least one other discipline,
the discipline. to which I refer is 'Systems Engineering'.
4.3
It appears that the first attempt to formulate a
professional' discipline under the name of Systems
engineering arose in the United States in the early 1950's as
a consequence of the growing complexity involved in the
design of hardware engineering systems. The earliest efforts
in this field originated in the Bell Telephone Laboratories
when it became apparent to them that in the design of
complex engineering systems it was no longer sufficient to
be aware of the performance criteria of individual elements
or sub-systems, the major factor influencing performance
was the interrelationships and inter-actions of all elemental
systems when functioning as a total system. It appears that
we have now reached the stage where exactly the same
problems face the designers of complex management
systems and that we now need to adopt the techniques
developed in the field of systems engineering and apply
them to the design of computer based management
systems.
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4.4 At least one university in the United Kingdom is aware
of this situation outlined and has developed a dual-stream
masters degree course in systems engineering, I refer to the
University of Lancaster, and Table 4.1 shows the syllabus
of this course. The particular significance of this course is
the division at an early stage into the parallel fields of
industrial and commercial studies. The logic upon which
this dualstream approach is based indicates the awareness of
two factors:
1. That the demands of industry and commerce in the
field of systems design have a number of area's where a
commonality of techniques is applicable.
2. That whilst this commonality of ·techniques is
sound, at a particular stage the application of these
techniques to the process of systems design in the two
fields diverges.
4.5
If we are to train systems analysts to meet the
increasingly sophisticated demands of management, then it
appears that it is courses of this nature which wiII provide
the quantitative techniques which will be a pre-requisite of
their abilities. I appreciate that this is primarily a,solution
which will take effect in the long term and that in all
probability the use of these courses will be of little benefit
in the coming two or three years. It takes time for the cure
of a severe malady to become total and there is an obvious
need for other short tenn palliatives. The major problems in
the field of systems design are likely to overtake us in the
mid 1970's, the use of courses such as that provided by the
University of Lancaster could begin to pay dividends at that
time.
4.6
I do not for one moment imagine that the provision
of this one course by one forward looking university is
going to provide the solution to all our problems. I do
however firmly believe that only by supporting courses of
this nature, and sponsoring students onto such courses are
we going to convince the educational establishment of the
need for and the necessity of increasing the supply of such
fields of training. The increasing supply of such courses is
going to be essential if we are to train systems analysts for
their role in the coming decade.
4.7
The object of this paper has been to express my
growing concern at the lack of significant systems analysts
training to equip people for the 1970's. It is a plea for the
realisation that the time when systems analysts could be
trained on the job, by people themselves virtually
untrained, has passed. To cope with the problems set by the
design requirements of todays projects, and more particularly of the projects which one can foresee .in the later
1970's will require of the systems analyst thorough formal
education and training far in excess of that provided today.
4.8
The results of ignoring these educational and
training requirements will be of immeasureable consequence. I do not think that we have very much time to
realise the danger and take steps to recover the situation.

REFERENCES:
Forrester l.W. 'Industrial Dynamics' 1961 (Wiley, New York) p.6.
McCrae T.W. 'The Impact of Computers on Accounting' 1964
(Wiley, New York) p.96.
Mann A.D.

Moore D.W.

'A publically Regulated System of Management
Control Services', in Malcolm D.G., Rowe A.I.,
McConnell L.F., eds., 'Management Control Systems', 1960
(Wiley, New York) p.247.

/\
I

I

/

'Survey of the 1969-1971 requirements of established computer users for systems analysts'. 1969
(peat, Marwick, Mitchell & Co., London).

I

A

/

I

I

II

:\
,,
:\
: \

/

Rosgrove P.E. 'Definition of an Information System', in Rosgrove
P.E. ed., 'Developing Computer-Based Information
Systems', 1968
(Wiley, New York,) p. 7.

/

\

/
/

/

\
\

,\

:"

/
/

I

/
/

;J"

\

\

"

/

\

\

,\

/

I

\

\

I

§

l

Ji If
Figura 2.3

~

~

\

I

~

r

g \

I

\

\

\
\

\

:~\\. \~\

I! ll\~\\\
Lat"r"l intaCTati"n

F16uro2.2

Int'armnt;1on
Cilters {"ronl B to A
Control
C"~C"dD"

from A to II

Excopti<m
card ..

FllfUra 2.2

Form"l and rnl'ornlal inf"ormlltion !ltructuroll

Figuro 2.4

An IntoGTtltod .. y"tolll (eire.. 1960)

II/455

Fif':","c).l

Fir.ur.. 2.5

,\" i"tct\"rlltt'tl "r"tcm

«-:lr""

'l')'p"""ddu"/lciondi"trjl>ution
or ,,,'!It,,n,,,nn''ly:>Jn"o"r,!t'''

1970)

TIlE !lAT10HA\..COHPtlTTllG CI'I.ntt's
PUl<rOR SJSTDISnu.Wn<G

o
o

II/456

(Re v1sed6.3.70)

TABLE 3.1
FUIWAMENTALSOFE.D.P.
A.
I.
2.
3.

BASIC PRIIiCIPLES OF DATA PROCESSING
ThoComputoras an ald to Oatil Procosslng.
OOflnltlonof Oat"Procosslng.
Rangoof Hachlnos ProcosslngOato.

2.

ceces .
Contrlll Proeossor.
Output nevrces •
InputOevleos.
Storogo.
Datil Tran.,lsslon.
LImItations.

7.
6.
C.
I.
2.
3.
4.

(b)
INTRODUCTION TO OPERATIONAL RESEARCH
Tho e e sr c O.R. consldoratlons of importonco to tho 1IR1llyst
aroglven onon-IIl"them;:ltlcol trootmont.

FLOWCHARTII1G ANO PROGRAMMING
Idoll of Progrllm Flowcharting.
Presontotlonof FlOWchartIng.
Oovelopmon't 01 Progrom Flowchl)rtlng.
Flowchl)rtlng- Dovolopmontof Routine.

rc i
SYSTEHS EVALUATION
HOIl toovl)luotohordwore, softworo,mllnufocturorspropOSllls

e re ,
Id) AOVAtlCEDHARDWAREAHOSOFTWARE
A ",ystoms vlow of modorn dovolopmonts.

~: ~:~:~~~y L~:~~~~:~.

7.
8.
9.

AOVAlICEOCOURSES
(D)
BUSINESS IIlFORMAT101l SYSTEMS
This eourso Isopproprlllto for llnlllystsworklngon 'Intogrotod
systolQs' or 'manegomont lnformaflon systoms' andconcentrllteS
lin tho lntorlaco botwoon "n/llyst "nd USer deportmont
mllnogors.
It Is" usoful preliminary to the other coursos
Inthosorlo5.

B.
HAROWARE
I.OataReprosontotlon.
3.
4.
5.
6.

TABLE3.S

High Level Ll)ngu"go (COIlOLl.
ControlandServlco.
H"rdw"reUtllis"tlon.

(0)
ON-L1tlESYSTEHS
A spocllllizod ol<tonslon of

O.
INTROOUCTION TO REQUIRHIENTS OF SYSTEMS ANALYSIS
I. Fooslbillty StUdy.
2.00tallodStudy.
3.
I .. ple.. entatlon.
CLASSES Of COI1PUTER EOUCATIOtl COURSES
I.
2.
3.
~ •
5.
6.
7.
8.
g.
10.
II.
12.
13.

MScOogroes
011110"") ~ Post Grl)duato
FirstO.,gr.,os
Pro l.,s ~ i on" I Qu" I I f I cat Ions
~jotionlll Compdlng Contro Courslls
Olplol:",0511ndC"rliflc;lto5
HNC/I(IID
City ,~" d Gu 1 I ds of London I nst I tutll
Royal Soci"ty of Arts
OthorQu"llflclltions
Computor ~llnUflleturors Coursos
'110 Fort1'o I Quall/ic"tlon
Stop Pross

TA8LEJ.2
FUliOAMENTALS OF E.D.P.
A.
I.
?

3.
B.
~:
3.

e,
$.
~.

7.
Ii.

C.
I.

t

5.
6.
7.
e.
9.

llASICPRIIlCH'LESar DATAPROCESSlllG
The Co~,pute' "5 nn 0 I d to O"t" Procoss I ng.
OetinitionOf o"t" Processing.
Range of ~\llch i nils Process I "<) oe te •

SYSTEHS AlIALYSIS COURSE

I,
Tho Systems Anolyst and hIs Envlronmont.
2.
HardwaroandSoftweroRovlslon.
3. Punchod Card Equlpmont.
4.
PoporUllndllngOovlcos.
5. Accounting Machlnos.
6.0IltIlCopturo.
7.
Fact FInding.
a. r ee t Rocordlng lind Systoms IdentificatIon.
9.
BuslnessCommunlcllTlons.
10. FlleOrgllnlslltlon llIldProcosslng.
11. Doeumont ond Co do Designs.
12. SystomsOof(nltionl)ndO"tormlnetlon.
13. FornIlIOocu.. ce t e rren •
14,
Systems Control.
15. Timing.
16.
Irr.plelr."ntatlon.
17. Ooclslon hbles.
la. l-lOllsure 01 Porformllnco o"d Costs.
19.
1'!formotlon,,1 Rotrlov,,1.
20. Appllcotlon Pllckogos.

A.
I.
2.
3.
4.

f LDIICHAR,I t1G MiD PROGRAI~~IIHG
Ideaol P'og,a.,..flo>lchllrtlng.

?~~~!~~;;~.~>~I 6:~i~~;:~!~~!~Il~~~~?~o.

~lllch I ne Lnnn uencAssemb I y Lang~age.
High Level L/lnnuag<l (COaOL).
Control "nd ServIce.
UardwaroUtlllsotion.

BUSIUESSORI£I1TATIOll
ORGAtilSATIOfl

L ~~~:~~~E~~y:~rr~:f~ ~:~f:!: I: '~~;~~~~~~r~:~'
~.

BA~IC

TABLE 4.1

TABLE 3.3

6.
7.
8.

HBLE3.4

SYLLABUS OF H.A. COURSE III SYSTEMS EllGIIIEERIUG

HITROOUCTIOr< TO 1lEQUIRE"'EIITS OF SYSTEMS ""IALYSIS
$.
Feoslbility Study.
2.001"lIllodS tudy.
3.
ImplClmentatlon.

~.

(Revfsed 6.3.70)

IlAROWARE
g~~:s ~oprlls"ntat lon,
Cc n t r a t ?rocBssor.
Output Oev Ices.
Input DevIces.
Storage.
OOtll Tra~mlss I on.
Limitations.

o.

A.

(dl.

Enterprises and their Morkots

M

Flnllndol "nd othor

Orgon i s"t i on. Theory :lnd Proctlco.
Sorvl cos.
The Orgllnlsatlon lind Notl/ork50f OeclslonContros.
Anillysis of "'''nllger'5 Functions.
Planning.

COUflSES COMi>.OU TO 1l0TlI OPTIONS
Introduction toSyste"'5 Ennlnoorln!j.
auSlnOSS PI"nn;ng and Control.
~onllge .. "nt Systems ond Org"nl sot i onal S1 ructuro.
BllckgroundEconomic5.
~.
Company F i n"nce.
6.
9uslnos" DocislonT&chnlquos.
7.
Stcitl5ticol Foroc"5tlngon<lConlrol.
8. Stotlstlcal Slmul"tlonTechniqU('S.
9.
Elomentsof Control Systems Oosign.
10.OptimI5I1tlonTechnlquos.
II. Statistical Afds /orsysfemsmo<loiling.
12. Stotlstlc,,1 Teehnlquos,
13. M"thClnllticol andComput"tlonlll Techniques.
14. Olgitlll Pronrlllnming Courso.
15. ?rojoct5 Somlnllr.
16. CIISO Studle5Somlnor.

B.
I.
2.
3.
4.
S.
6.

ADDITIONAL COURSES FOil THE TECHlliCALDPTION
Technlcol Systom5model bUilding.
On-line Computer Control ondOptlmlsatlon.
Control SY5temsDoslgn.
Proees5modol bUilding for sImulatIon "nd doslgn.
MOll5urement lind Dyna"'lc5 In ProcossOcsign.
Anllioguo lind HybrId Computing Tllchnlques.

C.
I.
2.
3.
4.
5.

AOOITIOtiALCOURSES FORTllECOMMERCIALOPTIOII
Mon"go",ont In/ormatIon-Stimulus Systems.
Production SY5tomsllfldtholrControl.
Doh Procosslng Systoms Dosign.
EloetronleOatoProcosslng.
Commerclol Progrllmmlngll,nguogos.

~g~~~~i OF MANAGEMENT INFORMATION AND METHODS OF
l.

2.
3.
".

Financial Accounting.
Costing Mothods. otc.
ProJoctPI"nningondControl.
The Audit r'ue c ttce •

~: ~:~~~~o~e:::~~~b ~~d t~1l7~;o~~~:~r ion.

7.
8.
9.
10.

Production and l-llltorlill Control.
Sullls Accounting and InvolclngProceduros.
WogC's Systoms.
Stocks Control andPurch"sl"9'

c.
I.
2.
3.
4.

rHE IMPACT OF CIlAUG£S
The Nce d forChDngo.
IndiVIdual ond Group Attltudos.
Overco.,lng Roslst1lnco to Chonno.
Trlllnlngond Education.

O.
I.

CONCLUSIOll
The Rolo of

tho SystolOs Anillyst.

ll/457

11/458

STANDARDS

OF

DATA

EXAMINATIONS

IN

PROCESSING
K. W. Wente

I.

INTRODUCTION

In the German Federal Republic there exists a wide
variety of education in the field of data processing.
Developments in this field however have not properly
integrated during the past ten years. For this reason, a large
number of professional designations are in existence which
ultimately relate to one and the same job area. Only during
the past few years, patterns and educational programmes
have been developed for some jobs in data processing, and
generally recognized examination rules have been formulated.
2. THREE LEVELS IN COMPUTER EDUCATION
As in other economic disciplines, attempts are also
being made in the data processing area to create job
patterns at various levels:
a. apprentice jobs
b. jobs for graduates from higher or secondary professional education
c. university graduate jobs.
In practice, at each level a distinction can be made
between operator jobs, programmer jobs, DP analyst and
managerial level jobs. The job designations commonly used
today do not easily fit in with this distinction. Very often
one and the same title is used to designate qualitatively
different job areas. Each educational institution uses
different means of defining for curricula with similar
contents. (E.g. systems analyst, ADP analyst, DP analyst,
systems programmer).
'
3. EDUCATIONAL INSTITUTIONS IN THE FIELD OF
DATA PROCESSING
In the early years of the use of data processing
machines in the German Federal Republic, education and
training of personnel for computer operations and
programming was entirely taken care of by computer
manufacturers, at first through introductory training
courses.

Then, emphasis in subsequent data processing training
Was placed mainly at university graduate level. However, it
was soon recognized that there was no need to engage only
university graduates. Many jobs could be performed by
less-qualified personnel. Industry started its own training
programme for computer personnel. This example was
followed by business, trade unions and professional
organizations who established their own schools for the
training of programmers, analysts, and managers.
In addition, a large number of private educational
institutions came into existence, marketing a great volume

of courses. There was a considerable difference in quality
between these various institutions. Professional organizations, e.g., Chambers of Industry and Commerce, the Data
Processing Union, the German Institute for Applied Data
Processing tried, already at an early stage, to bring some
order to the data processing area. In the early 60's some
attempts were made within the Federal Republic to devise
job patterns for data processing jobs. In this respect should
be especially mentioned the Berufsforderungswerk Heidelberg (German Federal Republic Rehabilitation Centre) an
institute for the promotion of professional life designing a
job pattern for graduates in business data processing, which
was officially recognized in 1969.
After that, a job pattern for mathematical/technical
assistants was designed by industry in close co-operation
with Chambers of Industry and Commerce. In this respect,
developments were made in various directions. Today an
official job pattern exists for mathematical/technical
assistants according to which numerous companies are

training their DP personnel at the medium level, especially
oriented towards technical and mathematical matters.
System programmers are being trained in the same way;
their task differing only from the technical/mathematical
assistants within the business economics area.
4. EXAMINATION STRUCTURlO & PROCEDURE
REQUIREMENTS
The character of the training and the examination
procedure were essentially influenced by the standards for
examinations elaborated by the German Institute for
Applied,Data Processing (DIFAD).
This institute organizes examinations for a certificate in
ADP. Examinations serve to testify that experts in the field
of data processing have given evidence of an educational
level corresponding with each examination stage. Examinations may be taken in three stages. Stages give some
indication of candidates' qualifications. The conditions for
the lower stage A are: secondary school, and one year of
practical experience; for Stage B: secondary school
(graduated) and two years of practical experience; for stage
C: University degree or Technological University degree;
one year of practical experience. Within each stage A, B or
C, the examination material is subject to three levels of
knowledge:
Level 1 = "have knowledge of'. Candidates should have
basic knowledge/basic accomplishments. They should have
a general insight, knowledge of the concepts, and their
contents; they should understand about the interrelations
of the various concepts, and - as far as simpler jobs are
concerned - be capable of performing these jobs on their
own, if necessary.
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Level 2 = "be able to". Candidates should have better
insight into concepts mentioned in sub Levell, and be able
to perform (on their own) jobs on the strength of more
detailed and precise knowledge, experience, and training.
Level 3 = "master". Candidates should have a sound
knowledge/good accomplishment, thorough and extensive
knowledge of the subject in all details and relations; they
should be able to carry out their jobs in a confident and
independent manner. These requirements are of special
iniportance.
5. SURVEY OF EXAMINATION TOPICS

5.1 Data Processing Technique & Programming
1. Basic configuration of a. 'computer and technica
fundamentals
2. Data comprehension
3. Conventional techniques in connection with data
processing
4. Direct data transmission
5. Storage media and their organizational consequences
6. Functions of conventional punched card systems
7. Development and production of flow charts and
diagrams
8. Symbolic machine - oriented programming languages
9. Macro languages
10. Problem-oriented programming languages
5.2 Data Processing Organization
11. Operating systems
12. Data Protection & Filing
13. Job Security in Data Processing
14. Standardization & Documentation
IS. Systems Planning
16. Integrated information systems
17. Technical English
.
18. Organization of the data processing department
5.3 Mathematics
19. Numerical systems and codes
20. Basic mathematics
21. Functions
22. Infinitesimal calculation
23. Linear algebra
24. Probability calculation & statistics
25. Numerical methods for computers
26. Operations research
5.4 Business Economics & Organization
27. Fundamentals of business economics
28. Bookkeeping components
29. Fundamentals of internal accountancy
30. Economy calculation
31. Regularities of bookkeeping
32. Planning and Control
33. Functional business organization and organization of
workflow
34. Information flow within the company
35. Personnel management inc!. selection and planning for
training.
6. EXAMINATIONS

Examinations in stages A, Band C, are divided into

II/460

theoretical and practical sections.
The former consists of written examinations in the
following areas:
Data processing techniques & programming
3- hours
2 hours
Data processing organization
2 hours
Mathematics Stage A
3 hours
Stages Band C
Business economics & business organization
2 hours
and oral examinations in compulsory subjects.
Examination time per candidate is usually 30 minutes.
The practical examination consists of
written
examination, concerning an application of ADP, which lasts
for two hours. Furthermore, a practical paper is written on
a topic in the applications area of ADP:
A point of interest is that, until mid-1969, 1,435 candidates
took examinations according to the above standards; 425
did not pass. Another interesting fact is that the DIFAD
examines, on request, the courses of private educational
institutes and may accept these courses as basic educational
requirements for candidates wishing to take DIFAD
examinations. This possibility has essentially contributed to
many training institutes basing their curricula on the
examination material elaborated in this survey through
which the uniformity of the various training programmes
was enhanced.
The examination for graduates in business data
processing described hereafter corresponds in essential
points with the DIFAD examination, stage A.
The educational programme for this job is divided into
three sections:
The first section deals with an introduction into automatic
data processing and lasts for three months.
The second section deals with training at the business
departments of the company, lasting for eleven months.
Thc third section is advanced training in ADP and its
business economy applications; the latter section covers 19
months.
Subjects in the individual training sections are taught
with varying intensity. Three levels of depth have bcen
introduced, corresponding with the requirement stages of
the DlFAD examination plan.

a

7. FINAL EXAMINATIONS
Final examinations are taken according to the standards
for examinations of the qualifying Chambers of Industry
and Commerce, divided into a practical and a theoretical
examination.

7.1 Practical examination
Practical problems should be solved with respect to:
programming, data processing organization, business economy applications.
Examination time is approx. five hours.
7.2 Theoretical examination
7.2.1 written part:
a. Problems in the field of:
Business administration, procedure and terms, office
equipment and applications, business accounting.
Examination time is approx. I ~ hours.
b. Problems should be solved in the field of mathematics
involved in the specific discipline.
Examination time is approx. one hour.
c. A paper is to be made on forms of business organization

and typical workflows, devising flow charts and block
diagrams, program documentation and data protection
and filing.
Examination time is approx. one hour.
d. Furthermore, questions should be answered on:
data carriers and coding systems
computer configuration and functions
computer interaction
peripheral machines and devices
operation of computers and peripherals
English technical terms
business organization, forms of organization and typical
workflow
developing and preparing flowcharts and block diagrams
designing and formatting data carriers and stores
machine and problem-oriented programming languages
application of programming techniques
usage of program library
operating systems, interpreter and standard programs
program testing
program documentation
data protection and filing
constructive, programmed and organizational checking
Examination time is approx. 2 hours.
7.2.2 oral part:
complementary to the written and the practical part,
including questions taken from practical business situations
or professional literature.
Summarizing:
Capabilities required in the standards for examination
of graduates in business data processing include the
following characteristic functions at the medium level:

a. programmers
b. operators, and
c. data processingmanagers.
Furthermore, a knowledge of specific organizational
fundamentals is a prerequisite.
The structure of the curriculum allows for switching from
one to another job during the first training sections.
A larger number of requirements and prerequisites is
involved in the training of technical/mathematical assistants, system programmers and advanced programmers. A
concise survey follows of the standards for examination of
technical/mathematical assistants.
Technical/mathematical assistants should be capable of
carrying out, on their own, tasks in the field of science,

technology and economics, according to commonly applied
mathematical methods. Emphasis is placed on the useful
and correct application of known procedures. They should
furthermore be capable of programming scientific, technical
or business applications for computers.
The subject material includes:
A. Mathematics
1. number systems
2. usage of desk calculators, graphic representation of
functions
3. simple functions
4. analysis
5. linear algebra
6. equations with one unknown factor
7. interpolation and approximation
8. probability calculation and statistics
B. Programming
I. programming in problem-oriented formal languages

2. programming in internal computer code
3. preparing flowcharts and block diagrams
4. program organization
5. program testing
6. data processing organization and documentation
7. operating digital computers and peripherals
8. survey of structure and operation of computers.
Examinations are organized by Chambers of Industry and
Commerce.
In addition to the training for technical/mathematical
assistants, the College for Engineering a1..¥onstanz offers
the possibility of taking an examination after four terms,
organized by the Government, as a programmer.
Examinations are taken under the supervision of Chambers
of Industry and Commerce and school officials on the
following: mathematics, electrotechnics, business economics, operations research, and programming in a problemoriented and a machine-oriented language. Examinations
are written and oral and furthermore, a graduation study is
required.
In addition to the educational programmes described
above, at some colleges for engineering and graduate
schools of economics, data processing is on the curriculum,
and included in the subjects for final examinations. E.g.,
the Graduate school for Economics at Pforzheim demands
that graduates have a knowledge of programming languages
RPG and COBOL, as well as of organizational techniques
using small or large computers.
On the other hand, German technological universities do
not yet organize official examinations in the field of ADP.
A large number of suggestions has been made for such
standards for examination and a number of curricula exists
sometimes highly varying.
8. AUTOMATION OF EXAMINATIONS IN ADP
Let me finish by saying something about developments
and trends in the field of standardized and programmed
examinations.

In the German Federal Republic, for instance, the IHK
Ludwigshafen, has been experimenting for several years
with programmed examinations according to the multiple.
choice principle.
It has become quite clear that this form of examination
is a step towards more objective and rational examinations.
Candidates feel their performance is judged in a better way,
and that they were questioned more extensively and
thoroughly. A prerequisite, however, is that examinations
are carefully prepared, which takes a considerably longer
time and makes higher demands on those who prepare the
examinations. This is the actual bottleneck in expanding
this form of examination.
Another advantage, which is not to be underestimated,
is the large variety of evaluations of such examinations in
data processing. These evaluations, as well as the results of
the examinations, allow for conclusions with respect to the
actual examination contents, as well as to the structure and
intensivity of the individual training subjects.
The AIV Institute at Darmstadt with which 1 am
working is, for instance, studying the development of
procedures for examining and testing the usefulness oftest
questions through data processing.
1 believe that, in the near future, programmed
examinations will be largely applied in the German Federal
Republic and that they will soon be given official
recognition.
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COMPUTER

EDUCATION WITHOUT

HARDWARE?

Bryan John Wilson

I. INTRODUCTION

problem and systems analysis, uses of computers, multiprogramming, social effects of the computer, and careers in
computing.
Chapter-headings of the text are listed in Appendix I.
The course is designed to be taught over approximately
90 hours.

-There are two' main aspects of computer education in
secondary schools.
Firstly there is the need of the science and mathematics
specialists who wish to use computing facilities as an aid to
their main subject studies. Secondly there is the need to
give a general computer appreciation course to a much
wider spectrum of the school population - ideally, to
everyone.
Clearly, the former requires a quick turn-round if it is to
be of any use. This in turn implies either having a
computer, or at least a terminal, in the school, or else ready
access to one nearby. The second type of course is,
however, free from these restrictions. This paper is an
account 'of one of the leading British courses in general
computer appreciation, based on a postal system, which has
been developed during the past sixteen months.

Three pilot courses were taught to boys and girls from a
wide variety of schools and backgrounds, using the draft
version of the text. One of these courses (which I myself
taught) consisted entirely of pupils specialising in Arts
subjects. There was a great deal of feed-back from both the
teachers and pupils involved, and this was invaluable in
preparing the published version of the course.
It is expected that there will be further revision in the light
of experience in schools during the current academic year.

2. THE NEED

5. TEACHER TRAINING

All the early experiments in computer education in
schools in Britain were the result of the enthusiasm ofa
member of staff who already had computer experience.
Few schools as yet have such a person. There is clearly a
need for a course which can be taught- by a teacher who has
not himself been involved in computing professionally; a
basic requirement of such a course is that it should 'include
provision for teacher-training. It is to meet the need for
such a course that Computer Education in Schools has been
developed.
C.E.S. was originally developed by John Hoskyns &
Company Ltd., and has now been merged with I.C.L. It is
available commercially to any Education Authority or
secondary school who wishes to use it.

A teacher's guide has been prepared to help those
teachers without previous computing experience. Details
are described in Appendix 2, § 2.
In addition, all teachers are given a two-week course during
school' holidays before they start teaching the C.E.S.
course. A computer is available on site throughout the
teachers' course.

3. NATURE OF THE COURSE
The course aims to give a general appreciation and
familiarity with computers - what they are, what they can
do, and the impact that they are making onsociety. It is
not designed solely for. the student with mathematical or
Scientific leanings, and indeed the first. pilot course was
taught to a group of Arts specialists. In subsequent courses,
Arts and Science students have frequently been taught the
material together.
The course is contained' in a pupil's text, backed by
central computing facilities to which the students have
access through a postal system. Programming is only one
aspect of the course; the average student is expected to get
about six programs of his own working properly during it.
Other aspects include a study of basic hardware, circuitry,

4. FIELD TRIALS

6. POSTAL SYSTEM
Students' programs are posted by the school to the
C.B.S. offices in London. They are punched and run by
members of the C.E.S. staff'; and returned to the school by
post. Turn-round time averages three days. This would be
unacceptable to a mathematician or scientist wishing to use
the results in his normal classwork, but is suitable for a
general appreciation course., particularly if such a course is
spread out over, say, one year at three periods per week
(which is the way in which most schools are using it).
The machine used is an Elliott 905, which may be
simulated on an I.C.L. 1900.
7. LANGUAGES USED
The main language used is Symbolic Input Routine
(SIR), a low-level language with numerical function-codes
but alphanumeric addressing. As a lead-in to SIR, CE.s.
have. invented a very simple instructional language, CESIL,
for which they have also written a compiler. Students start
on CESIL, have one or two programs run in it, and then go
on to SIR. In its later stages, the course also includes a brief
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introduction to ALGOL and FORTRAN.
The use of a symbolic language is the most controversial
aspect of the scheme. I favour it, for the following reasons:
(i) It is much closer to the machine. In an integrated,
general appreciation course, it is important to unify
the different parts as much as possible, and a low-level
language enables - indeed, demands - that this should
be done. A high-level language actually obscures what is
happening in the machine itself.
(ii) High-level language change, as more sophisticated
ones are developed and earlier ones are superceded.
(iii) A student familiar with the basic principles of
programming in a low-level language finds it easy to
learn the language appropriate to his needs at a later
stage in his career.
CESIL is an excellent introduction to the principles of
programming for beginners, easy enough for the weakest
pupil, and the transition to SIR is straightforward.

10. FUTURE DEVELOPMENTS
10.1 The need for a more advanced package, based on a
high-level language, has been considered, but it is not
regarded as a high priority. Follow-up packages based on
the applications of computing in various industrial and
commercial fields would probably be more widely used.
10.2 The most urgent need is for a package in general
computer appreciation for pupils in the lower-ability
ranges. Such a package is at present under development. It
is being produced as a series of teaching modules, giving the
individual teacher wide choice as to which sections of the
course to use. There will be a very strong practical emphasis
throughout. The languages used will probably be CESIL
and BASIC; neither SIR nor a high-level language will be
used.

8. COST
A school embarking on the course pays an initial fee of
£ 240, plus £ 7 per pupil. The initial fee includes the cost of
the two-week training course for the teacher. The pupil's
fee includes the cost of the text-book, as well as the cost of
data preparation and computing time for his programs. This
pupil-cost could probably be reduced to £ 2 in cases where
computing power is found outside the centralised system,
e.g. on local government machines.
These figures compare favourably with other methods
of making computing facilities available to schools, both in
capital and in recurrent costs. In addition, expert
knowledge and advice is available as part of the C.E.S.
service, enabling a start to be made on computer education
by a teacher without previous experience of computers, and
working to a limited budget. Thus the scheme provides a
solution to the two main problems confronting a school
wishing to introduce a general course in computer
appreciation - the lack of experience of the teacher, and
the cost.

APPENDIX I
Chapter Headings of Computer Education in Schools Pupil's Text
1. Flowcharting
2. The main Components of a Computer
3. Introduction to Programming
4. Computer Flowcharting

5. Decisions and Loops
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

18.

9. PRELIMINARY CONCLUSIONS
9.1 It is not essential to have computing facilities
available locally before introducing a successful computer
appreciation course in a secondary school.
9.2 A postal system for running pupils' programs is
satisfactory for such a course.
9.3 There is much to be said for basing a computer
appreciation course on a low-level language.
9.4 The course described can be taught very successfully
by a teacher with no previous experience of computers,
provided he is interested. Such a teacher relies heavily on
expert help and advice being available in the early stages.
The availability of such help gives confidence out of all
proportion to the extent to which he will actually make use
of it.
9.5 A course of the kind described in this paper is suitable
for a wide age-range and subject-interest. It should not be
confined to science and mathematics specialists.
9.6 The low cost of the course is only possible at the
expense of no 'hands-on' experience for the pupils. This is
the main limitation of the C.E.S. course, and it is important
to supplement it with films, and visits to computer
installations, wherever possible.
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19.
20.
21.
22.
23.
24.
25.

The Computer at Election Time
Computer Representation of Integers
The Control Unit
Introduction to Symbolic Input Routine
Input and Output Subroutines
Loops; Multiplication and Division
Introduction to Computer Logic
Address Modification
The Computer in the Classroom, I
Backing Store
Floating Point Working"
Alphanumeric Output and Tabulation*
The Computer in the Classroom, 11*
Simple Computer Arithmetic*
'Put it on a Computer'
'It's on a Computer'
The Compu ter in Industry
Appreciation of Programming Languages and Software
Multiprogramming and its Uses
The Social Implications of Computers

*Chapters marked thus are optional, and may be omitted without
prejudice to the rest of the course.
A fuller analysis of the content of each chapter is available from the
author. A copy of the text itself may be studied in the Conference
Library.

APPENDIX 2
Further Details of the C.E.S. course

I. OBJECTIVES
The overall philosophy followed in designing this course has
been to use practical examples which the pupils can do, on each
topic in the syllabus. to emphasise the subject disciplines. and to use
formal teaching time for consolidation of practical work and to
guide the development of the course. By following this philosophy
long periods of formal teaching are avoided. Furthermore, It IS
believed to be more important that the pupils should thoroughly
understand the principles of the subject as a whole rather than

acquire a knowledge of the techniques of programming alone. For
this reason no topic in the course is introduced until the ground
work necessary to understand that topic has been fully covered.
The course is developed in an iterative way such that each major
topic is initially discussed in outline and gradually developed in
greater and greater detail as the course progresses.
No detailed knowledge of mathematics is assumed on the part of
the pupil nor is any knowledge of business procedure or
terminology required.
The objectives of the pupils' textbook, 'The Fundamentals of
Computing', are to provide the pupil with:(i) a general understanding and knowledge of the principles of
computing and of its applications and, of equal importance,
its limitations;
(If) an introduction to the various activities within computing in
a disciplined and logical fashion;
(iii)experience of the power of the computer - an experience
which can only truly be gained by writing and running
computer programs;
(iv) a solid foundation on which pupils can build as their
experience grows and develops in a manner appropriate to
their long-term interests.

2. TEACHER'S GUIDE
Complementary to the pupil's text, Book I -- The Fundamentals
of Computing - is the Teacher's Guide to Book I. A detailed
description of each chapter in the Teacher's Guide is not given here
but the philosophy followed is described. for each chapter and
appendix in the pupil's text there is a corresponding chapter and
appendix in the Teacher's Guide. Each chapter in the Teacher's
Guide is divided into three sections>
(i) Further information
In this section additional information is included to provide
background knowledge for the teacher and greater detail on
topics covered in the pupil's text, should this be required
(ij) Teaching Guide
This section includes, for the teacher, suggestions on

methods of presentation of the material in the corresponding pupil's text chapter. Areas in which pupils may find
difficulty are. highlighted, and finally the minimum
knowledge each pupil must have acquired in order to
proceed to the next chapter is described. Also in this section
solutions are shown for all 'within chapter' problems in the
pupil's text. Where appropriate, material for further reading
is included.
(iiij End of Chapter Solutions
This section provides solutions to all 'end of chapter'
problems in the pupil's text.
The suggestions made on methods of presentation etc. in
Section ii of each chapter of the Teacher's Guide are based on the
experience of members of the ICL/CES team who have taught the
material in the course and on the advice of others who have had
experience of teaching compu ting in schools.

3. ANCILLARY SERVICES
In addition to the pupil's book, teacher's guide and teacher's
training course, the package includes>
a set of school solutions for each pupil, in addition to those given in
the teacher's book for the use of the teacher;
data and program preparation facilities for programs submitted by
pupils;
compu ter testing and processing facilities for programs submitted by
the pupils. This service includes a visual test, by ICL/CES staff, of
all programs for obvious syntactical errors if the teacher wishes this
to be carried out;
handling, receipt and despatch of all programs on a 48-hour
turn-round;
computer forms and stationery;
flowcharting template for each pupil;
monitoring of each schools progress by ICL/CES staff and a
telephone enquiry service for urgent problems which arise during
the teaching of the package.
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I. SYSTEM ANALYSTS TRAINING IS DIFFICULT

1.1 Profile of the system analyst is complex
Today, the system or project analyst must know how
to:
analyze an administrative, book-keeping, technical, or
commercial structure, presently working,
design the logic of a new system, even of a decision
model (algorithmic, of simulation),
define the automated processing of the administrative
organization to be set up in the departments,
control the programming and the tests,
achieve the setting up.
The system analyst is therefore more and more, an
adaptable person and, at the same time, economist,
operational research worker, analyst, man of synthesis, man
of contracts, who has the detailed knowledge of the
equipment and the programming system. Finally, an
organiser in the fullest and widest sense of the word.
If our analyst cannot be highly specialized in each of
these very varied and often very complex fields, he must
nevertheless master them sufficiently to be able to work
successfully among operational groups, of which he is also
often the leader. He must be able to speak three languages:
that of the general management, in order to set the
problems as problems of the organization's economics
and to propose solutions compatible with its policy,
the language of the various departments in order to
examine with them the possibility of an internal
organization, or of improving decision making,
the language of the technique of data processing, in
order to lead and control the work of the study and
business staff.
He should be a mediator and a pedagogue. The system
analyst is in a good position to draw to data processing the
largest areas of the firm and in particular his correspondents
in these departments.
The good development of automation, if not its success,
rests upon the setting out of his ideas, his programs, and his
challenge. He should be capable of leading away the
sceptics and of making more reasonable those who believe
in some magic and who for example demand, beyond all
restraint, a set of information from which nothing can be
taken, because of its profuseness.

mathematics, for example) in sound knowledge of the
hardware (computer configuration, communications) and
software (programming languages, operating systems,...).
However, this basic education should be as 'masterful'
as possible; there should also be studies of concrete cases
and performance of processing real problems selected preferably in the firm itself and which will require the participation of some of its officers.
The second level, also performed as much as possible at
work, should induce the analyst towards a larger capacity
to synthesis (design of advanced systems, modelisation , the
organisation's economics, study of management problems ..)
It is necessary to stress the practical aspect of this
training. Even if the university supplies, in a few years,
valuable education in the various fields of direction, firms
must play their part; without their cooperation, it seems
difficult that an analyst can possess those qualities which
make people say of him that he has a sense of reality or the
experience of life.
At the present time, it is much easier to reach these
requirements with an engineer or an executive being trained
in data processing, than to try and provide, at the end of
school or university education, a foreshortening of what
real data processing experience may be in business or
industry.

1.1.3 To formalise the study and analysis approaches is not
an easy task
In order to prepare data processing, it is necessary to go
through a certain number of approaches in which definition
and chronology vary considerably according to the nature
and size of the problems, and to the experience and
standard of the analyst entrusted with the study. As to the
vocabulary, at least French or Frenglish; it is blurred and
unsettled.
There are three levels arising in the approach of a study
and which are shown on the following diagram:
Idea of automation

Conce~:,,;.n of

data processing system

Taking inlO .1cr.ounf
the xcclmico l slress,,!

(conficur"ti""j

1.1.2 There is no satisfying answer for the moment
It will be understood that all or part of these
qualifications are not easy to obtain. For the time being,
there exists no coherent and complete training for project
analysts in view of the needs of a firm's management.
Such a training - which is complementary to that of an
engineer from a college - can be conceived at two levels:
first, it should consist of elements of logics (modern

"
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1.1.4 Supplying a methodology may be a training medium
Facing this situation, one cannot be satisfied in saying
that the study of a problem to be automated depends on
some art or state of mind. Our experience shows that an
efficient training may be obtained with the help of a
methodology like METHALOG, which:
may give precise guide-lines during the development of
computer programming projects,
provides on all technical problems precise advice
concerning design, functional analysis, programming,
induces elaboration of one's own working method and
generates one's own control instruments.
Such a methodical framework now appears necessary to
ensure the profit earning of data processing (including cost
of studies and complexity of technical information).
In order to meet these requirements, a management
consultancy firm in data processing (S E R T I) has
developed- with the cooperation of a dozen project leaders
- a methodology for computer systems design and
programming; this methodology, the main subject of this
paper, takes into account various experiences during the
last four years and has revealed itself as a precious training
instrument.
2. MAIN CHARACTERlSTICS OF A NEW WORKING
METHODOLOGY:METALOG
There are two distinct parts in METALOG:
operations guide and a set of 'technical notes'.

an

2.2.1 The operations guide
2.1. I.l Principles
The main aim of this operation guide is to provide the
analyst entrusted with an automation study -- either at the
stage of design or analysis - with the elements which will
enable a listing of the different steps to be taken, to put
together the puzzle they make and to obtain from this
puzzle a real range of operations; the most exhaustive list
possible of the different primary tasks to be achieved.
The design and achievement of data processing projects
may thus be planned; as on a building site arc the various
stages of a builing construction.
The range of operations thus constituted is, from time
to time, checked and remade according to new information
supplied on the problem; for a data processing system is
being elaborated most of the time progressively, through
successive drafts and the working out of different solutions.
Even when a rather deep data processing analysis has been
elaborated, the cutting out into modules may involve
modifications in the working schedule.

2.1.1.2 Characteristicsof the operations guide
2.1.2.1 Directions for use
It provides a certain amount of information intended to
make the achievement of the operations range easier:
listing of the preliminary actions which preceeds the
constitution of an operations range,
analytical description of its constitutive elements:
reference sheets
advice for the setting up, updating and use of the
operations range. The preliminary works to the
constitution of the operations range are connected
with:
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the identification of the type of application in order to
bring out its main aspects: size, difficulty, human and
technical surroundings,
the setting up of a working team: importance,
organisation, connection with the users, management,
human problems,
the study of the problems of insertion into the
surroundings (the 'welcome structures') under the triple
aspect of the data processing policy in general, of the
EDP department and of the users.
.
Among the advice found in the instruction. for use, we
will mention:
the choice of the moment when the operation range is
constituted,
the person entrusted with its elaboration,
the way to proceed,
the problem of up-dating. Moreover, it includes various
examples and diagrams illustrating some approaches
which have been encountered in real cases and in guiding
the user of METALOG.
2.1.2.2 About twenty reference sheets each deal with a
problem or a stage; we will mention for example:
procedural steps of preliminary analysis,
the organisational analysis,
the testing of a program and of a system.
Inside each of these reference sheets, is a set of
questions to ask and of problems to be solved, and which
concern the stage in question.
Obviously, the list of questions appearing on each sheet
does not pretend to be exhaustive. This is the reason why
these sheets bear some 'blanks' which will enable the user
to include complementary data according to the problem or
the specific rules of the organisation he belongs to.
They have been called 'reference sheets', because, on the
one hand, they constitute the basic elements of the
operations range, and on the other, each question may refer
to one or several technical 'notes' concerning this problem
and which will bring about elements for an answer.

2.2 Technical notes
2.2.1 Objectives of the technical notes
They are added to the reference sheets and provide
essential information about more than a hundred technical
or other subjects (method, working relations).
For example, the following technical notes may be found:
criteria for the choice of programming languages,
calculation of core-occupation of a program,
the design of a testing procedure or how to check a
program's validity?
estimation of the working tasks of the analysts and
programmers,
checking of errors,
choice of the file organisation,
the customers-analysts relationship,
the maintenance of the management applications,
how to solve the problems of security on files,
codification of data.
2.2.2 Presentation of technical notes
Reference sheets and technical notes are presented in
loose-sheet index-file which enable to change the filling
(additions of guide sheets, new technical notes). Finally,
the index-file includes a glossary.
The wording and page-setting of the technical notes are

elaborated in order to bring the user to add his own
information and the result of his own experience; he thus
elaborates, while adapting a working instrument, a personal
method which fits into the methodological frame of
METALOG.
2.2.3 Field of application of the methology
The field of application of the methodology covers all
data processing studies except for advanced studies (real
time and teleprocessing) starting from the feasibility study
and up to the setting up of the application.

2.2.3.1 Studies ofautomation
METALOG is a working instrument for a current
application in the automation operations and is intended
for:
those who design the systems,
those entrusted with the projects,
the analysts and programmers,
the interlocutors of the customers departments who are
to participate in the studies,
those entrusted with the studies and data processing
departments who regret the lack of a working method
and who are concerned with the economy of data
processing.
Furthermore, as METALOG does not elaborate strict
rules, but suggests how to prepare them, the introduction
of this methodology may be the occasion of steadying
procedures, of elaborating precise charters and of structuring the leading of the studies; in this way, METALOG is
a help for:
the organisation coming to data processing and placing
in position teams for studies,
the data processing departments, where the volume of
applications is rapidly increasing and which cannot be
satisfied any more with craft approaches or
improvisations connected with the personal qualities of
such or such an analyst.. ..

2.2.3.2 Training
Finally, as far as this paper is concerned, METALOG
proves to be an excellent. support for the training of
analysts; this training has always been difficult to carry out
because it was conceived as the transmission of technical
knowledge, difficult to locate between the knowledge of
the material to automate (often the firm) and that of the
technique of the computers and of programming; even
more than the data processing techniques, methods are
difficult to teach, but METALOG, besides technical
reminders and being better than a working method,
provides a manner to approach a profession. Therefore
presentation of this methodology and its illustration
through a set of examples; exercises and concrete cases, has
proved a very valuable pedagogic way of transmitting the
experiences.

teams and also with its clients who are already trained
computer professionals. We may feel confident of its
success, as:
it is based on numerous experiences;
it does not consist in putting together several fixed
methods but a most flexible succession of advice,
questions, projects or models of documents which each
user may eventually adapt according to his own needs;
its use is easy and independent of other existing
methods to which it possibly grants a larger scope.

Further, because it meets the need commonly expressed
to dispose of a guide, of a lead for the EDP applications
which would enable the bringing of technical solutions to
the problems set by those responsible for the applications,
or their coworkers. It is our opinion that METALOG is an
instrument which will grant them a most valuable
assistance.
In view of the training, METALOG is being set in
various ways:
during a real application, the training by consultant
engineers is being made at work;
during the training periods (of two to five weeks) junior
analysts are trained to use METALOG and use it
immediately for an important concrete case;
during shorter training periods reserved for already
skilled analysts, METALOG supplies the opportunity
for a methodological reflexion and participants thus
stabilize their approach to studies;
finally, shorter information sessions are organized for
those responsible for the data processing departments.
This theoretical and practical training (cases and
training periods) conceived both in view of the firm's
problems (approach methodology, operational research, the
finn's economics, ...) and of the system (flowcharts,
languages, performance of the equipment..), is being
supplied without forgetting for one moment that further
work should be made in the complex and living structure of
the firm ..or the administrative department concerned.
METALOG is thus meant to grow richer as it is being
confronted with reality. The pedagogic conception of
META LOG is intended to be a determining contribution to
the analysts' training. This training is decisive as a remedy
to the distortion, now so heavy with consequences, which
prevails upon the technical advancement of the equipment
and the human use made of them in the socially organised
structure of the firm.

3. CONCLUSION
This methodology has been developed and tested in
S E R T I in various fields and in different programming
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