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PREFACE

The Computer Uti1.eation Group. aettipin 1968 by!the OECD

Committee for Science Polidy(1) in reapOnai.tp/regoOmendatiola of

the third Ministerial' Meeting on-SCISAce,/hilkion/ita programmed

studies in the fields 4-cbMputerised/dota banks, interaction Of

computers and telecoMmunicstion coMputer manpower education, oom-%

pater utilisation surveys, eff.fol,ency;"audite for cOMpUt rsysteMS,

potential of information technology in urban and regio a2 planning

and information .teohnoloe.apd its applications to the,heaXth field .
The present reltort.highlighte policy issues coode ingthe

training poIlciee,ftr OOmputer manpower and users, and consists of
/ e

two parts:

14 The statement 4conclusio a adop%ed by the'Croup of

Experte in( \thie fielde(meeti g of 10th and 116 January,
:.

1974),-

II. The backgroUnd reports aubMitted at the Semin r,heidaln

Paris on 11st, 22nd and 23rd May,1973.-
. . .

The VieWa' eOreased in the background4i.eports Are,those'of the
..---

andauthors alone and do/not necesseriii, reflect:those ofIhe Croup of

Experts, their governments or the OECD Secretariat. The conclusions

of the Drafting OroUp whose names appear ors the attached list werel

drawn up by its members and consequently do represent their collective

opinion. However, /they have not been_co-ordihated formally with ,

Member governments and they shOuld not.therefore be construed as

d the official policies or opirilons of those governments. .

1) Now the Committee for Scientific Abd Technological Policy.
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Part One

T. STATEMENT OF CONCp8T6NS ADOPTED BY THtGROUP ON

TRAINING POLICrnI$SUES FOR COMPUTER MANPOWER AND

'USERS

(10th and llth.January 104)-
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,

STATEMENT O' CONCLUSIONS-
0

,

Modern society l's now/beginning to realise that some growth

problems apparently cannot be dealt with on thelapis of old fermi/is..

,Until now, a certain me sure of physical or human resources was avail-,

able', and the rough ap,,roach in order to meet increasing demand was"

.to -draw on t m in, pr portion. to requirement. The shortage. of

resource's w ch is'hw making itself felt requires a new formula for

growth, an a possi.1esoldtion wouldbe to find an apProach which

')INould hey a minx .liee effect o e resources/requittementd ratio.

This can rreauma y.be achieved by et ter organisation, since the

various' rob4m confronting modern loCiety:Se increasingly inter-

relate and mo e methodical handling may be expected to optimise the

use o resources. t.

`A key r li in stCh.anorgani ation is- a circulation, proces-

sing and di seMination of informs ion i used systematically
..

and ratio will have a beneficial effect on. the Social and cul-

tural as ell as economic develOpment cr'modern s ciety.

In. ormatics is the special, tool which con be. Used f.62" organising

infoi:m tion. In the present context lt'has a number of outstandirii

advan ageti it uses little energy few raw .materials and does not

poll to the physical environment, whileit draws on intellectUal

.rat er than physical human resources.'Tha prOblems oh training in -

in ormatics', Which arelargelly new!iiroblems,-shbuld thereforebe a

jpr toheei.n; such training 'should teach pe6ple to make the mout-of

hat it can offer as well as protect them from any danger its use

may involve.

The introduction of this systemised training can no longer be

delayed, since otherwise the advantages,6f the informatics tool will

decline Aa feat as it cones intoyider use.

The computer's growing workload means that an eVer increaaing

amount of resources must be used. The overall costa of bardware

and especially software - are rising to such an extent that adimuate

training Idlich can minimisethete costs is of the utcilbst urgency.

Moreover, it will be realised that the higher the leVel reached

by education, the greater the production and demand for infOrm n.

- 11 -
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The meat is the exponential growth of the:amount of information

available, which ineVitably.ralses the question of how to select
what is relevant.

Thienew probleM 15 not only one 'of technology but far more
of how informatics s ould be used in all'dieeiPlined, i-se..of bow

itta'methodoiogy shell d be applied 'in each.

Conhidering, t erefOre, that:
.

-f the scope of informatics rs rapidly increasing;

it is becomi g. a part of all human,Activities;

- edUcationel.eystems are subject to-certain cohdtraints,

'a broad, effective curriculum of general;scope should,be promptly
drawn up providing initiation and inetructien,in the methods and
techniques of informatics,.

The various training programmes shoula nqt be approdehed from
a purely Vocational aspect. Since informat4cs is "the abience of
the rational processing of information regarded as a knowledge and'
communication medium in the technical, economic and social fields ",
it has_a cultural as well as technical aepect, and its developMent
can be compared to the spread of literacy. Training can therefore
be diVided into three interdependent categories:

a) Educational and general cultural requirements

Citiianat ou?modern countries must be made constantly aware
that informatics exists and is needed by being shown how it can be
used, what it can do and whatits limitations and dangers are.

b). training requirements for usern

Enough about the methodology of informatics, meeting the specific
-needs of each human activity should be taught enabling people to use'
1,t in their work. -

) Training requirements for computer technicians

The purpose hereeis to train specialists whose main activity ls
connected with' informatics technllogy and who are also concerned with
the.problva tO be dealt with.

Informatics training for users and for specialists alike has
a lot at always consisted,of cdUrsei dealing with the structure and
!aeration ePcomputers and with one or more ptogramaing language.

- As the, methodology of informatics can greatly effect many dirt-.
'ciplines, it is -recommended tpat it can be inaluded in all typO pf,

courses rather than taught as c'mparltP aubjek kri:theogendral

curriculum.
, .

- Infrrmaties is a fundamental science whorseAtain features ere'
P

its object, i.e. information, andiits Methedology, eapecidlly model -
building.

'
i

- 12 -t 11,;(4;
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The---teaching of thiapethodology, w ich is at the core of

"informatics;, requires t'teaching dont nt and methods be studied

frokan Informatips standp and that teachers from all discipline's'
.: .

be effectivelY-trained in inf m cs methodology.

The introduction of infbrma cs .at all educational levels
\

N.

tequires,that all teachera\be tra ed in informatiCa methodology as
r

..applyingto their particulal\discipl 'e
N-x.

Owing to the urgency cit iheproblet, t is essential that p6c-

tfliiii teachers be retrained, otherwise a gre dealCif time will e

,'.,'waistea.'-

Retraining should in no casamerely deal, with the

cAputers and/or programming languages, brit should broadly
...AIfte problem of imparting a knOWledge of informatics Methodolog o

,

students .in terms of the vaeiouedisciplines which are taught.

The handling of informati by the-Computer'ia rapidly grOwi

and will increasingly involve all citizens of a country in varying

pel-sonal degrees. Iklhis prbcess is to take place in an acceptable

and reasonable way, bcith public and private enterprise must realise

that they have an obligation to keep their customers informed of the

coriSeqences of present and future developments,'

Public and private organisations which are or will be using.

electronic data processing systett';Thich-might involve tha,general

public are advised to make -far greater use of Mass media techniques

(television, radio,' films, publications,and.leCtura, etc.), which

can-bestinform. the general public.- 'f,the implicatio and advantages

ofNmodern'dataJprocessingtechniquei.
.,

-- Dwinvto *vapid advances made by informatics.in many countries,
,

computers were introduc`dd before a System couldbe set up for training

manpower. Training in theseof computers was therefore provided for

some time by the computer industry.

This hype' of course is not only useful fgrtraini.ng and retrain-

ing.technicians.but.should be a normal feature of the manufacturers'

services. It is recommended, 'however, that general training in inform-

atics at all levels of education should be taken over by the authori-

ties. er thnational education system.

The cost of developing and improving facilities for providing

training is high, and some countries are not equipped' for the purpose..

-7,.1- The more experienced countries are therefore asked to encourage and

support measures for setting up and promoting facilities for exchang-

ing informatics training expetience.
Informatics and the way in which it is used .are rapidly changing.

Consequently, all those directly or indirectly connected with this W4

field need to undergo periodic retraining to keep abreast of steadily'

changing requirements.
.

tructure of

roach

- 13- 13
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It is there re recommended that all levels of trainingirk-
.informatics be gularly examined in!the light, of continuing

4 tion requiremen s, with the object of maintaining and improving

national and international skills in this field.

14 14.-
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I

CHARACTERISTICS AND GENERAL TRE S

by

Pierre M. Martin'

OECD Secretariat

.
.

,
.

.

Informaties,forms an integral art of our daily environment,

permeating all-brahches of social tVvity and often insidiously

invading individual privacy. An as ',ential factor in a country's

economy, ..,"it seems certain tha between 1970 and 1980 it will

hecOme the /third world industrya/ft oil and motor vehicles" .(1)

The OECD countries' interest'
/ii

the training of computer man-

power and users stems from the fact that severa. countries have.no

poliOy for training. pompuieralists and even less for educating
Lf

t .

users and the publib. Many,d000047-makers at all,leVels and even

,
some specialists are still/iant*Obnsider inforTistics as a tool for

i making speedier calculatiOndle040hdling more statistics rather than

a methodology for generating 44YOncepts.
,' To meet the pressing demand for immediate results, make up for

the.shortage of :teachers and experts, remedy the lack of any govern-'

ment computer training policy and in order tlx improve professional

standards, computer manufacturers at the outset plaed a decisive

role in computer training. Based on computer utilisation, courses

were intended for specialists who often became depeOent on a, given

type of machine, with the result that the educational aspect of

informatics was completely ignored. The manufacturers introduced

rigid manpower structures which satisfied their immediate needs but

did not really take fundamental problems into account or needed

computer training policies.

/Computer specialists have often made users select a particular

type of computer or "package", but owing to improved user training

and the development of mini- and micro-computers, they have increase

ingly less to say in decision-making and are concerned with, only

technical matters. The result of introducing informatics into the

1) "Ube politique communautaird de l'informatique", SEC(73)4300
Commission of the European Communities.

- 19-



/
public and priVate sectors has,generally been that information and\

its processing have become Centralised and increasingly poWerful

'computers are being used on the strength ofIGROSCH's taw, which:is'

that: 'The powerOf a computer is prpportfonate to the square of

its cost". To extend centralisation to all, fields of computer appli-

cations would not seem to be desirable owing to the danger of social

conflict.
.4,,

" . ,,
tl'''

It is fitting,, before starting this study, to differentiate

in the word INiORMATIC (Computer Science), two words which

_-are ORDINATIC and USATIC in der to clarify the problem.

The syntactic and semantic asp cts of these two words arezfor,

the moment, secondary, the essential being to distinguish two

types of people who gravitate around the_electronic computer,

-/representing two very different types of training.

"L'ordinatician" is a computer specialist who works in the ' /
410 research, the operation, the programming,the.syStem

design and who recei ps a high technical education.

"L'usatician" g concatenation (mixture) of "user of" or

"usager de" 1'informatique7, isa`doator, a sociologist, a

jurist, a town-planner ..\ and must be able to conceptualise

his specific problems in terms of what the computer as a tool

can duo .

The following is a rough diagram ol the evelopment of computer

manpower requirements. x r
1 i:,.

tique

Ordina t quo Usa tique

Usatvens
Usaticians

DevelopPoment du

pare d'ordrnateu

Development at

computer statk

Ordmatmlens

Ordinaticlans



The uihoritie oupi take ore active,ihter*st in computer

ucat n, in par aril :

-ylVarr cational aspects to be taught* as part of'

gene al ed .n and continuous training;

B defin pertain.,Idgh standards for training given in

private nsfitutions along the lines of:

7,DIFAD (Data- Processing Institute in Germany) which has

set up a Committee fox; examining students from private

institutes;

-.the Stich't g StUdie Centrut in the Netherlands;

- etc.

- By sett up institutional and financing facilitieb required

for continuous training of teachers, especially in usatic.

The pro lema of teacher - training vary considerably according to

the state Of the art in OECD Memberiountries. A distinction should

be made between two Types of country, namely:

- the more adVanced countries, which need to slow down training".

in ordinatic and speedup that in usatic;

- the countries where knformatic is less developed.,Thes Coun-

tries tweed to speed up initial ordinatic training- w the

help -ofmanufacturers under the supervision of e authorities,

the object being to. meet immediatarrequiremery s and later
A

-"'
introduce usatic.

Public surveys are needed, moreoVer, to: termine requirements

far training in the educational aspects. F instance, the tables

1 to 4(1) taken from ;a "National Burve of the Public's Attitudes

towards Computers", issued by the A PS and Time Magazine (1972),

show how people feel about comp ers and their,use. The enqu

conducted by Lieberman Research Inc., concerns only the Uri ed States

and dealq with a sample of 1,001 persons over 18 years old questi

by telephone for about 35 minutes.

0rdinaticians must have a certain number of "aptipAdes" id

knowledge concerning 4ertain tasks to be carried a And certain

functions to be assumed. The following, not'nec sarily complete list;

is based on:

- tlappst of tasks contained in the OECD eport DAS/SPRZ72":49,

amended by Van der Noot(2) and ,Modified b undJerisen and

W. Raamussen(3). (The list contains 101 eaementirY-tasks)i

- a list given to the Secretariat,by Prqfessor Teichroew at the

seminar held in May, 1973. It,lhcludes 114 "tasks" and."ability

,tols" or "knowledge's ".'

1) See knneX pp, 37 tc 41.

2) Special Advi'sor, Ministry o0ublic'Works, Canada,

-3r) Director, Ministry of Education, Denmark. A

.17



All the sentenZegin with "ability to":
X. Programme\in file- - languages, (COBOL011PG).
2. Progra55Le..4 BC1 ettific or : :orithmic type languages' (FORTRAN,

nguage (BAL, COMPASS).`

(GPSS, SIMULA):

guages for selecting the

ing a given problem.

es and providing test runs.

by systems analysts for detailed

3. Programme in an/assembler type

4. Programme in ibulation languages
5. Analyse and e luate programming 1

most appropr t language for so

6. Prepare samp e data for progr
7 prO ramme outlin

design and construc

8, Convert 'existing

to language -

of

raMtes from one system to anofher (language

1. Use prog
mputer to computer). /

e testing ds (debugging packages, traces and
snaps ).

and evaluate Jiff ent software annlications, packages.
Revise xisting programmes including debugging and refinementl.

12. Use sort and utility package

13 sign and use inmit and outpit layouts.

sequential and index segue tial fi e techniques.
15:Use direct or random file techn ques

16. Create, maintain and interrogat 'fi :s

17. Design and use decision tables.

18. Design arid use run and grid charts

19. Write detailed ,rogramme specifications.

20. present in writing a summary of a/project for management action
(suitable tct serve as a basis.foi. decision).

21. prepare'clear and suitable docutentation (programmes and program-'
ming procedures, systems, etc.).

22. Prepare effective user documentation for either a portion of .a
system or an entire system.

23 Communicate with others verbally (in general),

24. Co-operate and work effectively ith others.
25 Perform tasks accurately."

26. Manage other people.

27. Accept responsibility and initiate -action.

28. Train and develop subordinates.

29 yelp the user to compile and analyse data.

36. Initiate the user into .data preparation methods.
31. Initiate the user into output:knterpretation.

32. Initiate the user into the use of mini- and micro-computers
and terminals.

33. Help the.user to define his needs.

34. Make the firm's staff aware of thecomputer's potential.
35. Inform those responsible of the problems involved in collecting
, private data.

10.

1

'

Z.

yse

fl
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36. Help. to introduce computer training and awareness policy in

the firm or organisation.

37.,Predict alternate future behaviour of individuals and groups

. (e.g. predict in viduals' reactions to operating changes).

38. Articulate and-d fend a personal positiOn on some important

issue of the im act of information technology and sy ems on

society (impor ant as defined by Congressional int est, public

press and semi- echnical press, etc.).

39. Complete assi. uents on time.

40. Work effecti ely under pressure.

41. Motivate sel and othera.and create in othdrs a willingness

to discuss roblems.

42. Work indep dently with limited supervision.

43. Formulate nd solve simple management science type models

(linear programming, dynamic programming, queuing and simu-

lation).

44. Recognise the appropriate management science (operational

research) models for situations commonly encountered.

45. Identify in an on-going organisatio4a14 situation the key issues

and problems of a given functional area (production, finance,

marketing, etc.).

46. Describe and identify individual and group behaviour (e.g.

describe and identify working relationships among people in

'an organisational environment).

47. Develop specifications for a major information system addressing

a given organisational need, and determine the breakdown into

manual and computer-based parts.

48. Apply the"system.viewpoint" in depth within the organisation

structure.
r49. Delegate assignments and review the results of assignments

directly under control.

50. Identify possible long- and short-term effects of a specified

action on organisational goals.

51. Aridlyse communication systems (estimate line and terminal

requirements, volume and message length, queues, etc.).

52. Evaluate system-performance and make needed adjustments

system after implementation.

53. Determine the major alternatives in specifying an information

processing system including data files and communication

structures.

54. Make "rough cut" feasibility evaluations of propoaed new

techniques or applications of current technology.

55 Analyse and evaluate different hardware configurations.

56. Design software and hardware configurations.

57. Handle a number of assignments simultaneously.
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58. Des gn and u e flowcharts (system and programme).
59. Us interac ive debugging facilities (available through a time-

,rsh ring at angement such as Text-Editor).
60. P form = conomic analyses (cost/benefit studies) of the proposed

r sourc commitments for a project.
61. aly e and determine cost/benefits analysis oiL project (inform-

tio system) to user.
62. alculate cost/performance trade-offs in a system.
63. Develop positive and negative impacts of a specified information

system on specified' parts of an organisation.
64 View, describe and define any situation as a system.
65. Plan and organise work assignments.
6 Ttopose master plans for an overall computer policy in a firm

or organisation.

The following paA deals with a knowledge of the concepts 4nd
reas set out below:

. To assist in the rating process it is suggested that an individual
who could prepare a "technically correct" paper of about 500
words would be considered to rank as "superior".

Bt All sentences begin-with the words "knowledge of":

67. Existing communication facilities (line types exchanges,
utilities).

68. Communications access methods and their general features to

support-terminal/teleprocessing applications.
/69'. Sorting techniques (radiX, merge, bubble tree).

70. Searching techniques (sequential, binary, directory).
71. Characteristics of auxiliary storage devices (capacity access,

storage): tape, disk, drum, etc.

72. Input-output devices `(types existing on the open market).
73. Operating systems (including scheduling algoripms, memory and

ripheral management, interrupt systems).

Micro-programming, multi-prograMming and tulti-prOcessing, time-
sharing operating system (concepts and facilities).

75 Queuing structures.

76. Job control langUages (coding and, techniques).
77. The "inner workings" of compi rs, interpreters or other

translators'

78..Multilink data structures ,(trees, multiliat, inverted list,
'network4, etc.).,

79 Data gathering techniques (interviews, etc,).
80. Patformance evaluation techniques (simulation packages, hardware

and software monitors). -,

81. Mini-computers and rEicro-computers.

82. Public and private data banks.
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83..The need for security in programmes, data storage and,4ork

flow design as well as physical protection of programmes and

data.

84, Computer impacts on industrial, clerical and managerial positions.

85. Elements

J

nd relationships of information fevariods functional

segments f the organisation. /

86. The computer iindustry with regard to growth patterns, competition

and government regulations.
,

.
,

87. $ources for updating knowledge of techndlogy.

88. "Outside" computer services (information concerning consultants,

software houses, application ,packages, etc.). I

89. Corporate policy and lines of autHority and responsibility.

90. Standardisation practices in the computer industry.

91. Project planning and control tools [techniques for project'

scheduling and controlliRg (PERT), critical path methods (CPM)

etc). 0
92. General systems theory (open - closed systems, system boundaries,

feedback concept).
.

93. Accounting practices and procedures and models for inventory

dontrol. /

94. Elementary statistics and fundamentals of the'probability theory.

95. Matrix algebra.

96. Differential Calculus for optiMisation.

97. Set theory. .

98. Potential applications of automated processes,for society.

99. Professional data-processing'assOciations,

100. Changes in employment patterns as a result of automation.

101. Calculating manpower needs and recruiting.

102. Flow chart operation.

103. Division into part systems and routinds.

104. Studying and selecting existing routines.

105. Selecting required programming language.

106, Desk checking programme logic.

107. Programme file organfsation. i

108. Programme file description.

109. Debugging programmes.

110. Programme and file storage.

111. Preparing programme and operating documentation.

112. Establishing procedures for programme execution.

113. Describing°automatic and manual procedures.

114. Establishing operating standards.

115. Organising activities of EDP-records library section.

116. Preparing operating statistics.

117. Preparing programme machine runs.

118. Defining requirements of the control system.

23
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149. Supervising the madhinery and securing necessary maintenance'.

120 Taking respohisiility for punching (by hadd)'and Netifying.

121. Supervising the activities of the "Programming" Section.

122. Supervising the activities of the SOftwar/e Section.

123. SUpervising the activities of the dperating Section,

/

Reverting to tp division of-infOrmatic to msetic
a

and ordin-

atic manpoWtr needi usually seemsto have bee loverie,tisuited.eince

qualiftAtive changes have seldom been,taken/iilto ton ideratdon. Many

forecasting studies have thias been made tCidetertsi e computer mem.:
.

power, requirements on the basis of theioll'Owing dicatois:.

A. :Mah/fsiachine coefficient;

B. Npultfer of computer specialitte,per million-.inhabitants;

p. Number of computer speciaListi in terms of the value of/,

computers installed. I

In every case, the increase in computer stock was use d401
.

parameter, the general assumpticibeing that there would bejen annual

15 to 30 per cent-increase:

The follOwing are a few/ examples of.theee estimates,.

A. Kan/machine'coefficient

NUMB OF COMPUTER SPECIAL'S'S PER
100, OMPUTERS IN 1968 AND 1075(1)'

FAction :mall
computers

Medium- s
comput, .

/
Lar e
.mpu er

/

Weighted
av gage

nal 1975
1975MU 968 nova 1975

Analyst
Programmervc

Operator

114
228

192
336 P 585 1 029 IFlig 403 546 IF

1111111111WEIIIIIIiii

265
467

.305

340
20

. 8--
500

613
258

272
.00 800 ,,100 1,300 2,100 MO 1,037 1,1.0

1) Study Centre for Compu
in de automatisering"

. N. Samson, Alphen aan

4

Uti isation in Administration - "Werken
ob D soriptions And Training Criteria);

e Ri , Septembey, 1968.
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Forecasts partly confirmed by the followingtable(1)

o
I/

6Staff
1971 '1972 1973 074(2)

NO,..P %(2)No. % No. % N .

According to
iinte pres:

Managerial
gradei...

Senior
techni-
Oats ..

\ Techni-
cianai,.,.

OperatOs..

41,798
. \

Yeariy:-
variation
ihopernen-
tage '

,T4698,

1

;

A.,954

2,975

,g4341

.

19

.

22

,-33

it26

.5.

1,833

,-.,

2,207

3,260

2,597

.

19

.22

33

26'

'

1,953

2,406,

3,480

2,773

.

18

23

. 33

26

:, 2,005

2,506

-3,643

2,897

18,

23

33

', 26

4;1.00 *9,897 100 10,612 100 11,051
,..

00
,

',. 19% .
,

, ,

10% 7 '"

.

4

4%

According4 .,
to the )
\Sixth,130n

Itr5.y
,variation!
in percen-

. tage

9,5Q0
, .

: 11,300 14,600
.;

4

- _117,300

20%-.
n

.

19%. 29% 16%

.

1) "L'informatique dans 1ps entreprises publiques au ler Janvier
1972", Delegation1 1'Informatique, France.

2) The antiapated man/machine ratio of between 11 and 12 during
the' Sixth Plan corresponds to ,resent of enterprises.

o

, ,

Brandon's formula as-bet out below(1) was partly u§sd

slightly,phangen Japan.

Siz Formula

Supqr,large:
Large
Medium
Small '

d m a + 0.6b
'd 0.95Er+ 0.6b
d o 0.7a + 0.7b
d 0.75a + 0.8b

0

and

where .- . number of installed ayatema
0 number of systems to be installedst that

time
o - adjuated number of systems for prediction.

1) Institute o1< Information Technology, Japan, OECD Doc " =nt
DAS /SPR /73.53.; Demand FOrecaatiqg Survey of Information

. Processing Engineers in Japan. Compiled and Commerited
S. Imamurs.
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PREVISIONS POUR L'ALLEMAGNE - FORECASTS FOR GENNANY

Structure du personnel Personnel structure

440 COO

420 000

" 400 ON

°
31000d .

360 000

340000

320 OM

300 000

280 000 -

260000 -

240 000

220 000

200003

180 000

160000

140000

120 000

100 000

80 000
.

60 003 42

40 000

20 03(1

0

285000

P 445 000

P1 Jo
Hon

live Sleil

An.lyfte oryniqu PtilvenIt,
lent flannels Pteg..1,

typrorne ,

mato.. and their.)

1 I ' Struciviiidu parsonnalen 1970 PesOnnerviruciumi on 1070
Siruclumi du immune( piou* in 1978 loottniabon minimalaj
Espoused pionnel 'bum," in 1978 (minimum estimate)

1,22 Strum!. du woonnel poirlue irn 1978 (ralimytion masimalt)
Expiated personnel anuctur. in 1971 (maximum estimate(

D'art, ins cud. ellou pw I. Di, P Heydoshall of 14 P. Oxihin di to Sigma de niaihonallaus
bailment do donntio, a 4 4,;11..
5lady undealhon by to. p, end 41, POittn '1X1 dbm Sqs(ViirtyIlaiheinadlc Natio, sing

'4 ""T"'

00..ww
Ilctoin
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Numberbf comoUtet%speciidi'ltS.Oer.,million inhabitants

.'According to Prof. 2emahticOf Vienna University: NI,

300highlevel specialists;

.. 900univsityrgraduitei;
1,500 holders of 'secondary school leaving ertifioate;

- 2,100 graduates_from vocational courses. ---,

, .

C.

.

.1TuslIDeV aCcomputer,specialists in terms of the value oaf

installed computer Stock
4"1"

Engberg defines:the (PD ).-relation(1):

P = personnel .

'D.\ = dollars

and applies 'it to th various countries.

N,N

THE PD- RELATICI IN VARIOUS COUNTRIES

Country

The PD-relation
(personnel per
1 mill. US $)

Average
value
mill.
Danish
,kroner

Number
of

com-
puters

Time for
the cen-
sus .

month yeaS P . D Total

1. Denmark 8.1 8.6 7.5 24.2
.1

3.9 352 9.70
2. Norway "-- 13.2 9.4 10.0 326 1 2.60 249 10.71

3.Sweden - 5.7 8.0 7.2 20.9 3.8 486 6.68

44. Switzerland
(1) 8.4 7.3 .5.9 21.6 3.6 1.060 12.69

5. Japan 7.0 9.9 9.1 26.0 2.7 4.224 3.70

6. Netherlands
(1) 8.4 10.2 8.0 26.6 3.9 1.192 12.70

7. France 15.8 16.0 14.0 45.8' 2.3 4.242 1.69

8. United
Kingdom 10.3 15.3 9.4 35.0 3.2 3.875 3.70

9. Germany 10.0 10.4 8.5 28.9 2.3 7.010 1.7,
10. U.S.A 8.1 9.5 9.4 27.0 2.7 45.792 6:69

1)

S = System analysis and design + system pnagement
P = Programming, including prdgramme msfiagement

= Operations (operators + chief punCh operators)

Average value and number of computers is for compUters about
0.4 million D.cr..= 60,000 US $.

While training in usatic should be a compOnent part of general

education, training in ordinatic should instead 'be specific. Forecasts

of computer- manpower needs should therefore only cover ordinaticians.

'--1 list of indicators should therefore be drawn up so that the supply

and demand, can be planned by means of models.

1) The PD- relation is calculated on the basiS of the M/C-ratio,
the number of computers and the average 'slue, including MINI.
The exchange rate is 1 US $ = 7 D.cr. The other rates are per
spring.1972, except for Sweden: 1 Sw.cr. = 1.35 D.cr. (June 1968).

2 27/



muter Job Classific ion (Table, pages 31 -36) ,/

The purposehf the ollowing classifiCation is to-define the
present sittltron as reg rdS computer jobs and attempt to make a
synthesis of the-ManY exi ting classifications.

Column 1: Job descr ption;

Column 2: -Brief des ription of function;

Column 3:, Alpropriat trainingievel for Jab.

"The classification o Educational.Systems in OECD Member
countries" issufateirr 973/74 w4s;used as a referenc.etOt4
defining the various evels, as follows

niLevel 1:-d of comp lsory schooling fi cycle of
ethnical s condary education;

End of technical secondary or general secondary
education ofi types A and B;

Level' 3: End °Loon-university type higher education ;
Level 4: End of uhive sity type higher education.
Column 4: The purpose of using a coefficient is to enable the

jobs to be ompared more easily. Wages are averaged
for four co tries (Germany, Canada, France

and the Uni ed kingdom)Tand it IS of
only 'relativ value-owing to the variety of -561) in-
informati2 he job vncies advertised in special-
ised newspa rs or articles on computer manpower

wages in per odicals (e.g. the May 1974 number of
Datamation) e used to talculate the coefficient.
The periodica mainly used were: the Computer
Weekly, Com u orld, Die Computer ZeiturK,
Informatique stion, 01 Informatique and
Datamation.

By adding the list of " bility'to's" and "knowledge of's" which
can be associated to the compu er job c assification,a matrix can
be obtained accurately definin jobs and content.

. The job of scientific p grammer i no longer included in
the classification and jobs now e ered un r PROGRAMMING should
ultimately.be transferred to DE

. The Data administrator wi' e responsible for defining and
Organising data for management a d decision-ma ing, and since the post
will become very important,a plu 'disciplinary type of further
training should be introduced for ordinaticians at level 3 or 4.'

. Registers for ordinatician should be created so'that the
profession will be recognised as,a profession, ordinatic and teach-
ing staff obtain the same statua,a teachers of other subjects, thus
providing the tradeassociatihns with greater influence.
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COMPUTER JOB DESCRIPTIONS

I. Data Acquisition

Name of Post
(1)

Job Description
r.,
%.-

Level of
Training

(3) (4)

Codet
.

..---

Translates source and turn-
'around documents into con-
ventional numeric codes t
adcdlorted by_ the computer:

. 1
,-......

150
-4,

..
A

.

.

4h
3rator.

.

,

Transcribes data an to input
media by means of electronic
or mechanical equipment.
Knows 'the various card. forests
used and is capable of .pre-
paring ontrol cards.
(7,000 p ches per hour;
errors: per cent; waste:
5 per cent) .
Must be able to adapt to
other medih (e.g. magnetic
stores).

,

.

150

Verifier
operator

Verifies the punched card by
means of electronic ormeohen-
ical equipment. Must be .,.

capable of verifying 84000
punches per hour. Must not
overlook any discrepancy.

1

v

170

Keypunch
supervisor

Has a specialised knowledge'
of the make of card punch and
verifier used, distributes
the work and sees that it is
carried out accurately.
Has received some training
in data-processing. Prepares
control cards and keeps files
of card and record.formats
up to date. . . '',,,

Must maintain' a good'iqrking
atmosphere and is responsible
for training beginners.

(1 plusl
experience)
2

200,

II. Data-Processing Environment

Data
control
clerk

.--

Has a very good knowledge of
filing systems and thrgstruc-
ture of the enterprise.
Sees that data are standard-
ised and co-ordinated in
agreement with users, systems
analysts and operating staff,.,
.Responsible for security of

, data.

3
_ 4

(according
to size of
enterprise)

\ 400 EC

,650

Librarian Responsible for storing,
"generating" and preparing
all media and for their dis-
tribution.

2 200
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Name of Post
(1)

Job Descri tion .

(2
-ye.,

Level odke
Training 'v

(3) "''.. (4)
,

Librarian
(cont)

J''

.' ' ' 7.:,

....

'._

Carries out any.administra'-
tive.work for controllinga nd
if necessary following-up
these operations.
Applies rules prescribed for:
- maintaining input media

ready for use; .i

- preventing alerts and the
destruction,of files and
Pro.grammeal . , -

- privacy.

,

-a

,-...ir :, .r,

,

,
.

.:- (

4
III. Operation.

Operator
(large con-
figurations)

,

.

\Works in the computer boom.
Carries out duties associated
with the operation of peri-
pheral equipment, whether or
not connected to the central
unit, under the supervision
of and following instructions
from the console operator.
Sees to the input and output
of media of all kinds used at
the time of operation. .,

Responsible for smooth Oper-
ation of the peripheral units
he supervises.
Carries out such tasks as

.

cleaning and general mainten-
ance as instructed by the
operations manager.

f

--

1

-. -.

.

.

.

,

67

.

.

150

,

.

Operator
- terminals
- calculats

.

Responsible for operating a
terminal.
In charge of filing and test
data.
Should have some general know-
ledge regarding the use of this
small computer (book-keeping,
statistics, etc.)..

2
4?

,

200

Console
operator

A level

Works in the comppter room
Under the ultimatZ..authoriiy
of the operations manager.
Responsible for operation of
the computer by interrogating

-,.the operating system.
Endeavour e to optimise computer
operations as determined by theL
system's resources and the type
of work involved.

Co-crdinates'the activities of
peripheral operators.
Analyses and interprets mes-
sages enabling him to

- control opera-ton of the
system;

- take any needed action or
inform the operations mana-
ger in the event of an alert.

Advises the operations manager
when decisions are taken oxlisalerts,
Receivgs tra ing,...needed ft:it the-
particular/Job.

t

'2

.

220

.../
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Name of post
(1)

Job Description
(2)

Level of
Training

(3)

.

(4)

Console
operator(cont)

B Level,

.....

C,Level

A level plus:

- Multiprogramming, real time
and teleprocessing tech-
niques;

- Considerable previous
experience.

40

2 or 3

(plus
experie

280

1

.. . .

A andB levels plus: t

- Administrative skills,
- Teaching skills.

2 3
_

'.350,.

',.

Operatidns
manager

Full responsibility for
computer operations.
Helps in formulating
decisions concerning staff
and equipment at management
level,
Ensures liaison with menu-
facturers. .

Is completely familiar w h
operating systems of equ p-
ment used.

or 4
(plus
eXPerience)

400 toh50
according
to site ol
department

/
/

/

Iv. programming
o ,, /

Programmer

A Level

I
B Level

sis.

01ications .ro:re..er .

.

?

.

.

220

rites prOgrammes n syMbolic
language (FORTRAN COBOL.)

Handles-simple .
i oblems (man-

agement, scien.e). 0

Documents his ,rogrammes d
ensures their maintenance.

Programmer analyst -
2 (plus
experience)
,'-''.......

280

.

,

Sound knowledge of pr.:ramming.

Must be capable of der-
taking simple t . s of analy-

, -

Able to define an required
files and prograu.-S.

C:Level FUnctional progru,er '

3, 4 (plus
experience)

350Plans, organises an. controls
the preparation of : ammes.
Co- ordinates the .rk ., the A
and B level prog ammer.
Helps to train A and-B evel
,programmers.

V. Design

Analyst Systems analyst
\,

Conversant with operatin
systems and programming
techniques.

33,
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Name of .Post
(1)

. Job ton
.. (2)

Level of.
Training

(3) (4)

Analyst .

(cont)

A Level

.

B Level

C Level i

.

- -

.

,

Formulate-and nontrola
new applicatio
Prepares teem cal notes
and applicati procedures.
Is the link b twedh the
'systems'desi ner and the.
programter.

.

3 280

Systems protject manager
. .

3, 4

r

:360
.

Is a, techni ician who has
complete Mastery over the
tedhnica phase of systems
analyst and is capabld of.;

..,

- help lig, together with en.
engi eer, to solve the
pro lets he defines;

- helping to introduce new
m oda and relevant
pi. 4edures;

- 0 niding meetings for
/atu ying technical prqb-

: leave and needeelaid.On
between the various -
services.

- searching data and promoting
the generation of new data.

- preparing and submitting
. summary technical reports

on his work.

Systets designet, Project,
.

4

,

.

.

.

500

.

leader ,

'Plans, organises and cc:Intro/1
the activities of.a team of
alyste and programmers work-

ng on a lepecific project
such as a data bank}. .

Co-ordinates his activities
with those of other elections.
Prepares specifications.

Head ..
Compu r
Depar ment

Responzible for Computer
Department (computer up to
64 K octets).
Thorough knowledge of equip-
ment and managerial problems
4.p the enterprise.
Plane, organises and controls
all CompUter Department
activities.
Acts as adviser to other
departments.

3 or 4
accord-
ing to
size of

s. configur-
ation

.

400to 700
according
to size of
configur-
ation

Data -pro-,
cessing
manage

Attached to General Manage-,
ment.
Has the same tasks as those
of the Head of Computer ..
)Department.

0

4 700 and
over .



Vi. 0th r Post
- ,

Name of Post
1)

Job. Description
(2)

Level of
Training

(3) (4)

Technical
sales repre-
sentative

. ,

. .

Fully conversan with his
feompany's equipment', helps
the customer with its in-
stallation and instructs
hiotin its'rational use.

3, 4 , 350-to
500

Sales repre-
sentative -,,

--
9*'

... 4'd

,

k

.

.Fully conversant with hilt
--T .:company's producte:And if

possible with those of
other companies.'

a skilled salesman.
He s tb prepare the specl-
fications and current-appli-
cation systems.
Maintains regular contact

- with custoaers. ,
.-.

4-, 40 awl.
ove

.

,- \
\v
.

...1

engin er

11

.

A Level .

/
.,

.

B Level

Determines the Causes of
breakdowns and carries out
any needed repairs.
AeguIarly undertakes pre-'
ventive maintenance.

Same.duties in small con-
figurations (mini-computers,
terminals, etc.):,

. .

3.

X

350

SameUties for more complex,
configurations.

. .

both,pcsts.require consider-
able experience.

.----

4 500

,

Systems
programmer

S.'

Seei-that the best use is made
of the operating system sup-
plied by the manufacturer to
the user.
Assists the other programmers
and helps to prepare operating

Practical experience of consolePractical

operation.

3 (plus
experi-
ence)

350

Systems
engineer

FtAly conversant with program-
ming, design of the operating
syatems and computer structure.
Advises systems designers and
ana sts and trains operators.

4 550

Computer
engineer*

Conversant with all computer
techniques (languages, oper-
ating systems and compilers).
Capable of using real time,
multi-programming and tele-.
processing techniques.
This isa highly technical
poet which requites consider-
able experience.

4 600

- 35 -
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,

Name of Post
(1)

Job Description
(2)

Level of
Training

(3) . (4)

'Aucitt
management
consultant

Knowledge of business
management and organis-
ation. '._ td
Thorough by trainedlim data -
processing (hardware\and
software) '

Prepares studies pridr to -

computer installation and
use. ,

Supervisesthe preparation
of specifications.
Works outside the firm.

04

.

..

i

700 and
over

Since programming jobs are tending to decreaae, "Progr amming

Institutei"ahould change their title and/or the content of their''

training. .

. Manufacturers and users should 0o-operate more olotelS, in

traininitrdinaticians..

The lack/of any overall policy in the firm o m-createa a

gap b tween technological posaibilitie and g cations, and leads

to overstaffing. Since the general a itude is moreover changing

from one-of e horia to strict cost O.counting, the aometime long

waiting period Wore the educational system responds ahould e cut

down so that supply can be adjusted to.demand.

The existence of multinational enterprises, the,aett/ing up of

"Computerieed Europe", the gradual shift towards sophisticated tech-.

nology should promote the introduCtion of a type-of modular instru0,-

tion common to all countries, with internationally standardised

Curricula and terminal diplomas.

We may (mealy quote from:

Professor Finerman:

"In most countries, educational activities in computing usually

lag behind those of the United States because of the restrictions

imposed by academic structures and attitudes.."

Professor Teichroew:

"Large surpluses in supply are to be expected. For ).,nstance,

in the United States 170,000 people are trained annually in program-

ming. For thelSopulation of 560,000 concerned this would involve a

rwy. entry rate of 30 per cent whereas demand for programmers is

about 13 per cent."

Professor Hebenstreit:

1. "It is more important to train teachers than to subaidise

the use 'of equipment."

2. "Expe&nt students are being trained at present but they

are only students."

-36 -
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COMMIT SCIENCE AND THE QUALITY OF

FUTURE COMPUTER SPECIALISTS' EDUCATION

.by,. .

Gerhardt Siegmdller(1)

Direktdr des teibnig/L Rechenzentrums der.Beyer

Akademie des Wissenachaften

Mdnchen (Germany.)

COMPUTER SCIENCE AS A DISCIPLINE*

/1
Arguing about compuir specialists' education 40 of no use if

it, does pot take place withinwthe proper context of a common under -,

standing of what we mean by de term "Oomputer(Wience" (or its

synonym "informatics "). Let me suggest a definition:

Computer scAenceris the discipline which deals with:

- the representation,

- 'the actualiaetleJn, A

- the properties, and

- the construction

of algorithms with special regard to their processing by

machines.

This definition, at first sight, may appear as a very narrow'

one. But it is not. Let me expand a little on the four points

mentioned:

First let me talk about things covered by the term representa-

tion. There ace three aubpoints:

Subooint I:/
is covers technical aspects of languages,

such as syntax,

semantics,

pragmatics,

1) Lecture given at the OECD on 6th October,'1972.
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i.e. it colzers allaspects of ,for

Algorithmic languages. It is conce

about 'processing languages and pro

Subpoint

.-These are kinds of homechani 1 A
describe -only exwepled:'Let me gve two Very short ones:

Example 1 There ls the good rule that the/intuitiVe meaning

of a sequence of symb/ols in sprogremme s uld also constitute

the seMantics of this piece of textp.e,g. the sequence

fl + 5

should not mean division of the vari blei5 .y the floating

point number one, etc., instead of i s/nt itive meaning.

One could call this the rule,oflmme.i-te comprehension.

"Example 2: Another good rule is tha psi ple syntactic

constructions should correspond to s p e semantic situations;

complicated syntactic constructions sl.uld. correspond to

complicated semantic situations.

Following this rule one gets an ufi- di te feeling for the

complexity of the programme o is wri ing.-One COulc: ell

this rule the rule of he 1 mapping .f Men01,fprec ses in__

"------

1

al.languages and of

ed with the knowledge

rammes mechanically.

dts which I can

programming,.

This area

Subpoint 3:

This point has some connection with the

with what nowadays is called structured p

elements should be structured in su h a

are automatically more i g swith0

ation. I.think here of the work of.peoplp

Wirth and others. It is ;the most powerful

to the testing problem known thus far. It

version of the paradoxical sentence, that p

error-free if, nd only if, they are

,the very b nning.

So mu h about representation of algorithmst. 'Represehtetion",

'mine the rails of algorithmic thinking.4.halmclus on or exclusio,

looked at,it thia way, is a wide field. in.,itself.

of'toettainclanguagefunction may decide the fateof an applicatioriN

area fOr:the next 10 years: (EXemple: ggoLfio an4 string ha'ndling

One of the most neglected y language designers.

w

revious one. It deals

ogra ing: language

programmes

t muc

ike Dijkstra, Hoare,

nd promising approach

s- nontrivial

ogrammes are

written correctly from

explan-

in Europe during the sixties).

Let me talk now about things covered by the term actualisation;

Again, three subpoints should be mentioned for:illuatration:
as

35 - 43
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Subpoint

Thia cover e. area:Of how to su divide the functional unit
--..,

called computin Stem into hardw re and software building

blocks and all the tr offs inveil ed in Such a process.

Subpoint 2:

This is the area_DX,how to choose pr miti4e,programming

functions as a basis for the buildu which takes place in

-each programme, e.g. hos,/ to choose an instruction set, Of

course, the same is true for micropro ramming.

Subpoint 3:

In order to get a programme executed i has to be embedded

in a certain functional environment. T erefore determining

the fUnction sets of general purpose o erating systems and

of special application systems is an i portAnt field

moreover, must always be viewed with re ard to the continuation ==

of-these functions into the surrounding human organisation.

What is meant by the term properties o,calgorithms I want to

sketch by means of another three subpOints:

1:

This covers the area of determining the dynamic behaviour of

programmes with respect to I/O, memory, instructions used,

etc. It has_to do with the efficiency of execution, memory

time tradeoffs, frequency of use of resources, etc. It is also,

on the practical side, the area of measurement techniques and

tools.

Subpoint 2:

This has to do with requirements stemming from subpoint 1.for,

better languages; for instance, a good language, should allow

the determination of dynamic properties by a static inspection

of the programme text.

This deals with inner properties of an algorithm, e.g. the

possibility of rewriting a programme ih such a way that the

essence of the algorithm is preserved while a more parallel

fashion of execution takes place. pimilarly, one could identify

natural checkpointrestart properties of a programme.

206
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Finally I am going to mention some, areas covered by the term

construction.

Subooint 1:

It comprises all technical and managerial aspects q-prOgratme,

construction, e.g.
choosingra language, or, if necessary, even making one before

starting; and

stepwise programme construction after identification of the

;functibnkneededand
- verification of.ihe correctness of the }programme by careful

testing; and

- optimising a programme byiapplying\rulee like... have'the

function as far inward as_necessary and as far outward as

possible. ..."; and

- covering Special problems with very large systems with many

functions, and construction support systems, etc.

g4)22941La2

'It has to do with environment interrelations while constructing

algorithms. The following issues are of importance here:

a) How to woj'k through a new problem area such that an

algorithmic solution becomes feasible at all?

b) What are the'implicat ons of the algorithmic solution /

for the environment? , does the situation change when
. ,

the computer becoiles an everyday companion in'this

environment? e
0

c) What are long-range changes in life-qualitie6 for many

people as soon as the computerisation has reached a certain

integration level?

This leads me to a- general remark on what the application aspect

of computer science is all about: it is developing and organising

future ,organisation. This is my personal view of computer science.

It is essentially an engineering discipline, because one of its

primary objectives is optimisation over sets of possible realisations.

THE QUALITY OF EDUCATION

Let us now begin to talk about educational aspects. To this end

let me first report on some observations which anybody can make when

looking at the computer field.

First observation:'It is afact that everything around computers

has to do with large quantities of all kinds of things: speed, r'

paper, punch oards, bytes/second, people, money, etc.

3745-



Second observation: There is a rapid change of environments,

equipment, techniques, people, etc.

,(Observations 1 and 2 together with today's non-automated way
of, systems building have the consequence of an enormous repro-
gramming and conversion effort which is continuously ongoing.)
Third' observation: Problem areas seemingly unrelated in the
past can no longer be treated independently. There,is a con-
siderable integration effect.

Fourth observation: There is a wide spectrum of the ways and
of the frequency of using algorithms: from being tried only

-once (and perhaps never used for production) on the one end,
to intensive use of an algorithm over years on the other. In
most cases the'algorithms are complicated rather than simple.
Fifth observation: Each regularly used programme, seems to
need some degree of maintenance, either because .of old errors
or for the sake of (so-called) "slight" functional changes.

The author believes that the change in the human scene by
compiters will be greater than by any other human invention in the
past.

These observations outline (roughly) the quantity and the
quality of the peOPle needed in this field. The ideal man needed
must:

a)- have excellent knowledge of one or more problem areas,
besides his knowledge proper about computer science topics;
and

b) see implications, interdependencies, constraints, far-
reaching cdhsequenCes in human organisations; anti

c) himself have programming skill like a music composer;and
d) be resourceful; and
e) be very good in communicating and cooperating with many

other people, i.e. ideal for teamwork; and
f) have a well-balanced attitude towards efficiency.

IThis is the "superman" many institutions are watching but for
so that he can solve their organisation mess (which was brought into
the open when they set out for the "automation"). What'we can justly
ask from the computer specialist is, of course, that he contributes
towards solving these problems.

UNIVERSITY OUTPUT AND'idOMPUTER SALES

ci

How can our educational institutions provide for such top
people in such large quitities? Do we really need so many of them
so well educated? (Th author tends to answer the last question
with an upconditional ' es".)



Our atendird European universities.(when they have "completed"

their internal staff and teaching material selection) have_e certain

, output ratevvhich, per "big" university,, will be, roughly'100=200.

people /year. These people will not be of the kind described above,

but they will be educated with this ideal inmind-. Perhaps 5 graduates'

per university and year ma actually come closeto the ideal. On the

other hand there is the rap dissemination of computer:Inver our

countries, which will necessi ate the, employment of a multiple of the

number of people the universities can produce.

There is the well-known migration or diffusion of employees.of

'completely different and unrelated professions (e.g. bakers, tn.:cis-

driverS,'butchers, secretaries, salesgirls, etc.) into the computer

envircihme,t.. Often thek are encouraged to do so by. irresponsible

/private and.companieS. They start with e/aereer, as an operator,

becom (after Bode time) organisers or "applications Or systems Pror'

grammere and, again, after some time, play an .important role in

/decisions which may influence the enyironmentof thousandsofqoe'aPae',

without ever hairing had a sound education even slightly resembling

the contents of lectures adequate to cope with, the above-mentioned "
4

objectives. (Example: Such "systems programmers" in the public aamin,

istration'influencing the' format and the contents of the personal
,- .

identification keysin an information system covering all peaplevof

a nation.nheir "advice" producing the usually poorly made billing

systems of pUblic end.business bodies of all kinds.) It is estimated

that the ratio of well-trained personnel to such "underground experts"

is 1:8 to 1:10 in most countries with high computerisation. Because

of the expectednUtput rates of the universities on the one side and

the ever .increasing sales in computers on the other, this
,,

ratio will

become worse(with eli.coneequencesof this tendency). In the United_

States the nUmber of these "unwashed programmers"'is estimated to : 0

amount currently to 350,000.(1).

All educational efforts must 'be viewed with regard. to this

situation. We are overwhelmed by the mechanics of computer sales

with no chance of a short-range cure. There is only a slight hope

in the long run, based on the following assumption: .,3
.

In the future all kinds of systems may. in the end be ssnerated

more or less automatically with more safely, ease of the testing

problem, a much shorter development cycle, more possibilities

for experimentation, etc., Eleconsequences. This will increase

the influence of the well-educated people and at the same time
-.

-/get -a large part of the unwashed programmers into their'proper/

activity, area: parameter supply and observation.

f) T. Steel, IFIP,Conference, Zakopane, September, 1972.

, .
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V

SOME OBSERVATIONS IN T EDUCATIONAL I.D,11E FIE
.0$ .

A

University education will. produce two kindS of people:

a) compUter science majors with a minor degree in an ap
cation area,

b) application area majors with a minor degree n-computer.
science.

Application areas are, e.g. physics,. chemistry, business

administrations, law,meclicine, etc. The edutation in compuEer science
will have to emphasise .flexibility, resourcefulnsss, ability quickly,
tc understand a problemto apply4general princies-iin the proper
way over detail knowledgeithout however neglecting it

Currently many computer scientists-still haVe to fight; their

way within inadequate matheirtics or'electricai engineerinedepart7

ments, where traditionally tke importance and the impliCations:Of

ificgramming are grossly underestimated'. As-a consequence most uni-
versities are at present unable to offer enough practice oriented:

courses.

Polytechnic institutes and private schools are in.danger of

offering too much vocational training. They tend to favour the
details of today over the long-lasting principles. The output of

these schools consists of people who are rather immobile. These
people will have a much harder stand in this rapidly changing
A considerable upgrading of the quality of the education at this-
level is necessary.

The,sitOtli:444t even worse with the "educati

some companies. To quote a well7knownto soientitt, their
"contribution" as a disgrace to culture.
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WHO MUST ASSURE THE-TRAINING - PUBLIC AUTHORITIES,

PRIVATE IIISTITUitONS OR MANUFACTURERS?

by

Wladimi'r Mercburoff

Scientific Director of the CNRS

Head of the Information Processing Commission.

Ministrysf Education

Paris (France)

a

1

OT.

We are all aware of `tie huge development of computers in the

la&!deCads, the growth rate between 1960 and 1970 frequently

teaching and sometimes exceeding an annual 25 per cent.,;Althougb,

it has slowed down since the onset of the,19708," as a rule ttattili

stangls,at-b412",per cent pe't year This marked expansion has

created corresponding training needs. A brief history ofthe, develop-
.

ment or computer utilisation is necessary in order to show what form

.thiliASeds sometimes-take.
. .

The-first computers worthy of the name originated during the

Second World. War}or the purpose of calculating complex missile,

trajectories, the computer being designed as a gigantic "calculating

meohine" for performing scientific calculations. The large-scale

computers manufactured by UNIVAC, CDC, etc., are almost in the direct

line of descent, but can be used for many,pUrpoises othei4 than scien- ,

tiptip,c calculation. IBM comp ers arejhe result of a somewhat differ-,e

approach as by the 19 e IBM Corporation, specialising in

office,equipment, oresaw the ormous development of 'CoMputer util-

isationisation in manage nt .(at pres nt three-fourths of computers installed

are used for management). Thus-the computer is not merely a calculat

but a logical machine capable of proc ssing chains of characters

means of pre- recorded programmes. This observation is the ke o most

of IBM'S commercial growth a much of computer.develop , To

promote its continued exp io , the ajority of 501 uter nufek-

turei.s had to Sec up ext sive trai ing sere sfor their customers.

Realisation of t existenoe of t science of information

probessing" as distinct from "corm
4 .

, -

41
uter science" is much more recent.
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a

/.

The Frenth"word "liaormatioue", coined in 1957 by Perret, rapidly

betame established in France (it was defined by the Acadbmie

franiaise in. April 1966) but until recently wasalloW to gainany

ground in other countries. Of late, however, informatiCs'is a word

which has come to be widely used in English-speaking countries,

At the same time; the computer and the modtrn sorcerers who

.taught these,wonlerful and costly machines the power:of speech were

Acquiring a legendary aura. To be a computer expert's erred '0 be
, -

an ."tpen sesame" to,the future; the resulting faecin tang appeal. ,..'

of the profession was'to be vastly exploited by certain rivate

enterprises, some-specialising in the sale of computer courses,

'while others rather dealt in pipe dreams. The authOrities concerned

themselves with the kindof demand which was taking shape, and,en

the Sixth Plan (.1971-75) was beingprepared,in PranceaCommisiaon

11,6tude des"besoini de formation;-en informaticiens (Commission on

Computer Manpower Training Needs) was set up.
,

The. role played bli computer manUfacturers in the development/

of information prOcessing, the very real increase in demand, and<.

I
advertising/cal-lap:04ns .tf private firma,-railse the question,Ofwhe e
the respondibility for computer Manpower,training.shop101ie - wi h

P' 4,
the government, with private institutions or with manufacturers.,2

The reply, which must naturally be qualified, is one we shall now..'

try to enlarge upon. A first point rhiclimust-again be'urged itethe -'

distindtion between computer science and information ptoCessing

(touch .11k; the differente between the science Of telescopes and
astronomy):,To emphasise this difference, the Commies on referred

to above changed its name. in the course of its work, cal/ing itself

the "Cdtmission d'4tude des besoins de formation eriin4ormaltiquow

(Commission on Information Processing Training Weeds), thus bringing

out the difference between the mere need for staff to look after.

the Machines and the general need for training in all thweepherei.
_.-

where information processing is used. . %
''

,,,..

To discover who should be responsibletfor. such training, we

mutt try to define the nature'of the instruction required. The

importance in mgcrn times of information proysaing suggests that

it extends far 'beyond mere economics, and its significance has.

inaeed been comOared to that of printing. The twentieth century,

instead of being called the automobile age, one already Changing

our way of life, might well be regarded as the age of the computer,

or one revolutionising our/way of thinking.

To understand the phenomenon it is well to revert to the very

nature of informatiop Processing by citing one of the best defini-

tion& of the'Frenph word "infOrmatique", which is that o,,the French
'

Academy;, ".../tile science of the rational processing, p.efticuiarly.

IIV:autoiatieiMachinee. of information regarded as a julowlidge and

,,e



communication medium in the technical, economic and'sbtial fields ",'

This definition makes a now classical distinction between semantics

and syntax: infOrmationais the; medium for, conveying knowledge and. .

for communication independently of their meaning.'One of the most.

traditional media is the written language, which takes the fOrm of

alphabetio and numerical symbols, punctuat oA Marks and.spaces, etc.

The purpose orinformation processing is o manipulate these symbols

.(syntax), e.g. by arranging them in all* eticalorder, putting them

into the 'plural" by adding a suXfix to ach "word", etc., indepen=

dently of their meaning (semantics).

In short, "the.inforthation proces ing approach" is Comparable ry

to the normal mental process (Fig.1) high consists in pasesing from

one body of knowledgenalled "hypoth sis" to'another called "con-

' clusion". The process leading from hypothesis to conclubion, khown

as "reasoning", brings logic, imagination, intuition, analogy, etc.

into play. "Reasoning" clOseli blends semantics (knowledge itielf).

and syntax (manipUlation of the keowfedge'medium).:Thus, for Anstance,

the process leading from .snon a hypothesis as existence of the

telephone and telephone book to such ktonclUsion as the correct

time of day consista, in looking up a series of characters in the

book (telephone number) associated with another aeries 9f characters.

o ("time service"), and dialling the eries on thetelephone.. gince the

dual operation of looking up tne characters. and dialling is entirely

independent of the characters' esning,.it could be carried out by

an automatic device:::

HYPOTHESE HYPOTHESIS
Ensemble de commissariats

. body of Khowledge

Figur' I

Sta littoral Miamnih / CONCLUSION
Ensemble de Connaissance!'

'Eddy al Knowletles '

1

Analyse programmation filterprittittan
An* !sets Minim/nine Interpretation'

Structure
. iniormellanna Ile

Data Structure

Structure
Intormationnelle
Clete airuoluni

r

Ira Ilemenl autemallque
Automatic Pr (kissing
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z
.,'Information processing preciselycConsists in systematically

identifying anything in the traditional reasoning process which

simply cells for the manipulation of symbols (syntax) and,if neces-

sary, entrusting thelatter operation°to en automatic deVite (a

computer) which is "programmed" to yield some desired result;- the

machine deals with "data structures" whose meaning (semantics) is

unimportant.
0

It will therefore be seen that information processing in this

form is of far treater general scope,and cultural value than any

mere computer.manipulation. It.mearis that a process is available

which has tie advantage of being more objective than any ordinary

mental approach and which can become a very powerful tool if it is

associated 'with Suitable data processing methOds. It will faso be

realised that it oan be used so many ways as to include almost all

human activities iTe. those making use of a knowledge medium. In

this,senzie infor ation processing is comparable to the art of print-

ing, whi6h broad na, complements and extends.

This analys a theretoT4 shows that any systematic association

of the computer w th-in4rMation processing should be avoided, and

that the latter should-even less be defined in computer terms. While

invention of the computer hasrevsaled the existence of information

processing which has thus been given its real d6ension, the computer

is in no y an essential component. Although information processing

courses's ould hence not disregard the mepSine's existence, they

must go urther if ,they are to deal with the cultural a d practical

aspects of the s*ject: in future everyone will havb AGo be aware

that information is indeed processed, even if eve one does not

happen to process it himself. Similarly.; an increasing number of

occupational activities will come into Contact with information

processing, when it will haVe to be used even if computers are not

handled directly; finally, more and more computer apecialists will

naturally be reqpired to ueb, and above all uae efficiently, (i.e.

"rationally" according to the A ad6mie fran1aiee definition) as well

as designcever more sophis ated oomputers in ever greater numbers.
Three tees of tra ng are therefore required:
a) Public awa eaa. This consists in teaching the public that

it ilta, what it is used for, what it can do, what its

stations and dangers are, what the role of computers is

and what jobs are connected, with information processing.

It is part of the general education of a modern country's

future citizens.

b) Initiation. This means teaching anyone wl1ose work calls

for the processing of information,enough,abor, the use of

such a tool,without however going into any/gCeat detail.

The persons so initiated must be able to Ws!) information

11.
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/. /
processing as they du.Xd h telephone rd to

the,ir knowledge s ouid\recourae to some speci/
ationtechnique e needed.

0 Specialisation This con lets it traini*pers

?i/
main occUpati n will have o do with inforMation

It id7this need which is mo t directly computer-or

and Most commonly perceived: the goal is to be an

progra er, console operator or in short a "compute

. speciali t". - i

It should owever, here be mote that computer sp- ial

training i bound to become st diy broader. Repidftech

.0, nologice2 hange increasingly callsifor general education;\

similarly,..the many \new use of inforMation processing 1-

require training in some ditional field,-such as in tigan-

isetion for business man ement, inmedicine for medic 1
e

applications! and in te ing theory for'educatioilal urposes,

/ etc. The numbers of .ure" computer specialists 11 de-
.,-."--

crease and will be ployed mainly by computer anufacturers '

and in computer re earch oratories.
/.

A rather obvious but4jetri g illustration such levels of

training may not be amiss) nformation proces rig oar be likened to

/ the use of a hammer. yublic awareness consi s in finding out that

a tool called a hammer exists, that it ca be'used fdr.such various /
...

purposes as clincbing, hammering, and d wing nails but not screws;"

that there is a danger Of hftting one'- fingers, and that if the

purpose is to ractise some trade w re a hammer is used the right )9.

sort of tre ok Can be obtained. nitiation consiste in teaching V

the rudime ts/to anyoAe who may have to use a hammer, for instance,
e

how to driv a nail into a wall in order to hang a picture. Special-

isation i training Or some trade in which the hammer is peed as the

principal tool.; ouch ap carpentry and joinery, etc., generally calAing

for other types of knOwledge. Fin-ally there might conceivably be

"pure" hemmet specialists, e.g. theorists mak/4 a study of the most -.-

suitable form for' some particular use.

The verienie types of training for information processing having

thuM1 been defined, an attempt can now Pe made to determine where the

responsibility for -training should lie.

4/ From, a, general standpoint the &newer seems fairly clear: when

seen as a whole, with a cultural and social role to play, information,/

processing is primarily something which mupt be taught by the autlabri-

ties. This does not mean, of course, t si it should be the monopoly

of public education. It will thus b Well to review what can or should

be done by computer manufacturers and private institutions.

We have already mentioned the enormous training effort achieved
i"-V

by the menufactUrers.,Wbile they have certainly done pioneer work,
:

,

they have also had the commercial aim of promoting producte, creating,/

uppleme t

is inf

ess

ted

alyst
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needa among potential, customers (briefing or initiation courses for
managerial staff).or enabl

,course' a for the.customer's

is, of ourse, growing cons
\. inclined \o charge for it,

\ computer m npower training.

lilte the au

they feel th

'means of- oar ing it out in vieW of"all it implies. Just as motor
Manufacturers a e unwilling tO(train motor is or 'prepare the ground
Ipr/the automobi e society4 / so\ar compu er manutacturere,reluctant
taltrain informatton spedialists o paVe the way for a jocipty in

inforMation Ptoaessing will lay a major role. This they do not

ng such needs to be promptly met (training

wn4employees). The cost of this service

derably.and manufacturers are increasingly

bus themselves setting up A market for

eading manufacturers would most certainly

horities to take over thbulk of co4gier training since
t they are not equipped for the task/and seldom have the

wont becauie they well know that/i formation processing is not
synonymous with Computer science d that just as a person changes
from some make of car to another h can also change to another make
of computer. There is only/one typ of training that manufacturers
should continue to provide,: that irectly connected with the com-
puter equipment-itself', i.e. of s aff directly involved with the
machine (console operator ) and c rryjing out technical and commercial
tasks for the manufacture himse f'(design, operation, sales, instal-
lation, maintenance, etc).

What should the ro e of private institutions be? This question
immediately brings to ind the exaggerated claims made during these
last feW years by va ious firms selling empty promises rather than
any serious computer training course to the public. ("Become a

programmer in three weeks" was the slogan used in certain advertise-
ments). Yet these claims should not hide the honest efforts ot,certain
enterpriieb, duch as consultant firma on the subject (socifits de
conseil en informatique). We have already noted that certain manu-
facturers, notably IBM, are likely to charge for training separately,
over and above their equipment. This has created a training market
which the consultant firms are rightly exploiting by offering to
provide a more "pertonalised" service than the manufacturers do. i/
It may be pointed out that unlike that given hy-/private'enterprises
this sort of instruction is more closely ak to continuous than
basic training.

It is in the
/

ter of basic training that the authorities have
the largest part to play.' Awakening resPOnsi set, which is a general 7

r

form of educAtiondesignen for the future c ens
.

of a modern country*
mainly takes place at seoondary-school irfei. ile some action may
be envisaged in primary schobl,, and while it sho d also be a part of
Continuing education,,most of it belongs at general secondary level.

g/

Action of thi type has been undertaken in various countries, anncit
may be wel L/ to record that of the French Ministry of ,Fducation, which
introduced information processing to a number of teachers from every
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discipline An general secondary education; a noteworthy, point

tkthat Manacturers contributed to such" retraining project by

viding the relevant courses during thi first year (1970/1971)* after

training for one school year or by correspondence the teachers then

heIpto prepare examples showing the use of data processing in the r

,own subject; they try out the examples in their classes and some

teachers are, able to illustrat, them on mini- omputers set up i a

.
few lycbes for educational pu oses.

In roductory courses also elong i publ education. enev,er

,' they pplement other formeyof raining they hould/thus b pro ided

wit 11 tuch types of inatruct on as p ovided by the edu atio al

If the courpes prepare at .r seine professi

generally come under higher ed which is the i

introductory courses i nform ocessing). Ye

tion,' insofar as it pr idea ccupati nal training

initiatory role to 0: an example is training

ory course i

dents f

Cation

tion p

/ the 'services vector

irig, handling and

In continuing edu

should be elp

F) e

its piece in/p

speCielist gr

laiders) pro

,staff (pr re ers, etc.)

traini tore than other

enerel forM ofOducat

annot easily'be rov

private institutio

may be of seconder,

equipped to take

d an introduc

ieving data

ion, the rudi

rt of most pr

alisat

c educa

en they

eal evel for

eeco dary educe -

also -'has an

eople for jobs in /

the art of captur,

ill become creaaingly important.

ents of int' rmation prOcassin

-profeasio 1 courses.

ion in inkormatio

tion Training

s (analysts,

ly belongs i

systems de

higher e

n seconda

, constan

n as a c

dedasp= t of t

In cont e

imports ce and p

nd. et even i

processing of co Ae has

r/the senior com Uter

era, engineer end proje

ation and that or operatiV

education: Bu in thin typ of

nological ange reqUireea

t to sp ialisation, one which

e basic training, Obtaintble in

cation, however, this /aspect

vete institutions may be better

continuing education the authori-

ties cannot Al ogethe eglect their respensibilities and, even if

they do/not ovidayt ry requisi:e facility, they should supply a

number of lot co feet which cah be-used as Models and if necessary

'help to raise th. standa d of the training market.

Finally, the authorities may be said to have a basic' training
c/'

role to play in informati n processing. After all, from this stand-.

,point it 1s not a aubject in any clasp by itself, a conclusion which /

/ need euse no surprise whe it is realised that information processilig

is ot computer Oience a d its cultural role is understood. What the

manufacturers' task will then be is to deal with matters directly

concerned with/equipmen and sales. Private instiptions should' per-

forM their gbrpiel duti 8, especially era regards continuous training,

although a Uthorities will have to take steps to upgrade the

/market end ht the standards for.
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IV
WHO.MUS ASSURE THE TRAINING - PUBLIC AUTHORITIES,

PR VATE INSTITUTIONS OR MANUFACTURERS?
.

by

Jacqueta F. alackbUrn

Director .

IBM European International Education Center.
cu

Brussels (Belgium)

ing the last two decades we have seen a very rapid growth
O

the usage or electronic data processing equipment and in the
usage of cons:On/cations equipment, In 'recent years the use of the
two together in the same system hail become increasingly, common. rn
the early years of computers and computer science the percentage of
the population affected by them was very smell and am a consequence
all aapectsof their use, including training and education of coo-
puter apecialiate, was a matter of relatively'small concern to moat
people.

With the recent rapid expansion of the industry and the appli-
cation off' computer technology to so many new fields there had come
an inoreaaed Rpblip awareness of its importance in business, in
science and in society am a whole. The importance of this industry
is now much that the attention of those who heve,been responsible
for manpower training in the past, namely the manufacturers, the
users, the private educational institutions and the public authori-
ties, should be focused on the question of how beat to ensure ade-
quate and efficient training in the future. Perhaps the timehas
come to determine areas of responsibility among the four principal,
groups that will provide such training and education, The author of
this paper will view the question from the point of view of the
manufacturer but will of course also dilcuss the roles of the other '
three groups as well, but as seen from the point of view of the
manutacturer.

In the very earl/ days of electrenic computers most of the
training of, computer manpower was done by the manufacturer of the
equipment and often on the premises of the manufacturer. In those
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days when programmes Were written in machine language, an und\r-

standing of the inner
--the partiCular computer was s

important to solving a probletAg.wasfan under' tanding of the lgor-
.

ithm.for the problem solution. As the number of computers. in use

grew,the need for specialised training of course also grew and Much

of the training of-computer manpower moved to the user organisation,

but alway6 with strong assistance from the manufacturer.

Until recently computer training or training in the use of

computers in the university was confined to a single department of

computer science or to another department responsible for the. tom--,

puting centre - often the mathematics departMent. HoWeyer in very

recentiyears there has been a \trend toward making use of the

puter-$or problem"solving in many departments. Students in these

arious departments do not necessarily-become computer scientists

i the tradition sense but learn how to apply the computer to the

sol tion of problem n their field of interest. This.has become

increasingly practical with the advent of. problem oriented. languages

/rather-than machine oriented languages. Another big factor has been

the evolution of systems, including-remote terminals, which permit

interactive time-sharing-computing.
j believe this kind of expanded use of the computer into all

or nearlyalldisciplines in a university will continue to grOW.

There will continue to be a need for tle comptiter science depart-

ment to train,-the real computer specialist who understands c&puter

hardware and oper#ting systems. However there will be-the much

greater need to train much larger number of students how to use the

computer as a tool to solve their particular problems but without

the necessity of becoming computer scientists.

Analogous with the above trends in universities will, I believe,

for the same reasons be a trend toward much wider use of the com-

puter in all industries, Each-coMPany will have its computing cent#e

with its own computer Scientists who understandGthe hardware and.:

operating systems, but throughout the organisation will he users

at terminals'who are interested only in problem solving and who

probably learned their techniques and methods in the university.

Indeed this arrangement exists now in a number of companies.

Another important factor in the changing nature of training

is the rising importance of computer assisted' learning. Several

Universities in the United States, e.g. University of Illinois and

Stanford University; have had remarkably great success, with this

method of learning. If this sort of success becomes more' generally.

realised the impact on education could be important.

Since method6 of training is not the subjectlof this paper I

shall not pursue the question Oecomputer assisted learning any

49
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further. However I should mention that two other tactors;in/the
'changing nature of training are of considerable importance. One of
these is more complete and better organided use of libraries. Systems
are in use for retrieving references and material about aigiven sub-
ject through terminals remote from the library. Another iMportant
factor is the movement of computer training 'into lower a e groups.
Until recently very few primary and secondary schools We e offering
any training in this field: However the number will alm dt certainly
grow and it As made possible through the development of better and
cheapef-computer terminals and their use-in computer as isted learding.

In the light of what we know today we might ask o rselves what
will the training and education of thefuture be like. There will
continue to be.at leaSt five main groups to be traine

1) The computer user in industry.

2Y_The computer scientist (or computer professi. al) whethe
he be in industry or in a university.

3) The university student and faculty as users
4). The priMary and secondary school student an faculty as

users.

5)-0.The computer operator.

There are clearly a number of other groups one cog
the handicapped, the disadvantaged, the prisoners

students. However,'I believe that from the point

of people affected. the five groups above represen
pdople to be trained.

I now come to the main point of this paper

question of who should be responsible for .provid

education lor the above groups of people. I sha

d name, such as

nd the adult

f view of numbers

the majority of

namely to the

ng the training or

1 defer discussion
of the role of the manufacturer until last but that is the role to
which I shall give most emphasis.

In most countries the public authorities (Department of Education'
for examp e) are responsible for ensuring appropriate education in
the primar d secondar schools and in some cases colleges and
universities. I become\clear that a part of that education should
be traning in the use,of data processing or computing equipment for
poblem solving or more generally for achieving objectives. Industry,

including computer manufacturers and various foundations, can and
should provide assistance in this education process in the form of
grants or other financial assistance. Also they may provide assis-
tance in the form of te&ching.etaff on a part-time basis or on a
sabbatical leave. However. since the primary responsibility for edu-
cation in this group rests with the public authorities it follows
that the primary responsibility for their computer education will
also remain with the public authorities. It is probably primary and
secondary education that will be most affected by computer assisted
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learning. This is true inpart because the Aducational material at

this level is more structured and therefore more easily adapted to

A previously prepared learning programme. It is also due in part to

the greater needphere because of the larger number of students and

the greater shortage of qualified teachers at this level.

Rohe development work for computer assisted learning sh4hld cer-c)

tainly be carried out in part at the instigation of the public

authorities. In Canada this seems to be the main driving force behind

this development work. However others, including private institutions

such as private universities, and manufacturers, should play an impor-

tant role in the, developtent of this new approach' to educAtign. In

the United States, in Europe and in Japan. a fair number of universi-

ties are experimenting with computer assisted learning methods with

some significant success. In addition, several manufacturers are

also carrying out experiments with this method of education within

their own organisations and sometimes in co-operation with a univer

sity or a secondary school.

The universities, whether public or private, hate played an

important role in computer education-from the beginning.°And this

will and should continue. to be so. After a/71; the university is

responsible for the total education of its stu ents and clearly this

includes computer education. The concern of most iversities will

be mainly that of how best to use computers tq solve problems and

achieve objectives. However, there wil/ doubtless continuesto be a

number of universities with a group of students and faculty concerned

about computer science in the traditional sense - computer design,

programming, language design and operating systeM design.-Amd this

should be so because they will thus influence the'design of systems

in industry and will also provide a source of new people and fresh

ideas to industry. Therefore the universities should, in the interest

of useful education, strive to attain at least two main objectives

in the field of computer training. First, they should endeavour to

ensure that students in all fields receive instruction in how best

to solve the problems or achieve the objectives in that field. Often

the computer will prove to be a useful means for achieving these

needs. And when this is the case the university should make sure

that the fact is brought to the attention of the student aid that he

is encouraged to use the computer inthe best possible way to meet

his needs. The Amphasis here should be on getting the job done and,

where useful, the computer should be wqrkpd into the process in the

most natural way by the student 'with the guidance of his teacher.

This, of coursg,, requires that the teacher be well versed in the use

of the computer to assist in achieving the course objectives. Secondly,

the university should provide a \sequence of courses in computer science

which will permit those students fho are so inclined, -to speciallse
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in this technology. FrOm this group of students will come the
specialists in computeir science for the various industries needing
personnel to run their computing centre's. Because industry benefits
from the existence of.computer education in universities, 'it is
appropriate that assistance, financial and personnel, be given in
a variety of ways.

tt is also clear, I think, that part of the responsibility fqr
training, of computer manpower must remain with the users of computers
An industry. Computer users in various industries have' always received
very substantial assistance from computer manufacturers in the train- `
ing of their computer personnel. In the very early days practically,
all of this training wasdone by the computer manufacturer. However
as requirements grew the user has assumed more and more responsibility"
for training his own people - especially in the use of computers for
applications work.

When we speak of applications work we.s.re referring to expertise
in the use of the computer as a means of achieihng the objectives of
the particular mission. For example, the mission might be that of
forecasting tomorrow's weather. The applications specialist in this
case must be able to state the problem in a form, which can be trans-
lated into a computer programme. This might include derivation of a
,set of equations representing the flow of the atmosphere in some
slightly idealised form. It may then include approximating this set

',of differential equations by a set of finite difference equations
and finally prescribing"a method of solution of the finite differ-
ence equations using' observable or verifiable information as a.basis
for determining changes with respect to time and thus leading to a
set of future conditions.

Sometimes a substantial* amount of training is necessary to
,prepare the individual to do the necessary work to state the problem
in a form which can be directly translated into a computer programme.
The amount of training necessary is of course a function of the com-
plexity of the application. In this field the user is sometimes more
capable than the manufacturer in supplying this kind of training.
The manufacturer has tended to concentrate more oil the training
related to,the computer hardware and the operating system. The
decision by several computer manufacturers in the United States to
price education separately has further stimulated the trend toward
users of computers in industry carrying.out their own computer edu-
cation programmes. However, there is a danger in going too far in
separating the hardware and operating system training from the appli-
cation work,. The computer manufacturer must maintain an understanding
of the applications for which the equipment is used in order to
continue to improve the design in a direction to facilitate applica-
tions work."
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Nevertheless the,major responsibility for computer education

in the application field has passed to the user and this will most

.likely continue.

We come now to the role of the manufacturer of data processing

equipment in computer banpower training. Education is indeed a major

activity of.the computer manufacturer. First of. all the manufactusrer

must be fully responsible for the training of, the company's own

personnel. This in itself is a substantial task in an industry that

is changing so rapidly. For example, in 1971 IBM employees in Europe

spent more than.265,000 student days in formal training programmes,

achieving more than 18,000 specialised course completions in the

process. What is the nature of this internal education ±n I: in

Europe? Most of it is basic and intermediate trainin r elatively

new salesmen and systems engineers in our mark ng for . This

training is designed to give them an understanding the products

IBM sells and services, and the major applic: .ns for which these

products are used. Each new member of IBM's marketing force spends

about 18 months undergoing training - six months receiving classroOm

education and the remaining year in closely supervised on-the-job

training. And after hilly qualifying ds a member of the sales force

he continues to receive a minimum of three weeks refresher education

educatieach year. Most of t

companies wit

has a number o

advanced education

administration managers, and

s carried out by the local ZBM

he various countries in Europe. However, IBM also

international educa on centres that carry on

or salesmen, ystems engineers, financial and

heg managers. This training ranges

from one week to three the and amo ted to about 504000 student

days in 1971. Most of the trainin 1 bssed above is in the market-

ing organiSatiod. In addition a si laboratories and six plants

in Europe have extensive internal e ucation programmes for training

development engineprs, manufacturi g specialists and others.

In 1971 more than 100,000 technical and managerial customer

personnel underwent instruction through IBM's education programmes

in the latest developments iri data processing for a total of 1.1

million student days. In its edhcation programmes IBM places strong

emphasis on pra ?tical work which allows the student to learn from

his own experience. For example, extensive use is made of computer

simulations in so-called business games which make it possible for

studentkto see the effect of their decisions when learning about

management information systems.
Self-study courses are also used in which the student can com-

plement classroom instruction with independent study. Guided by a

computer he is directed to video tapes, films and texts to learn

about his chosen subject. When he feels he understands the material

he returns to the computer terminal to test his knowledge. When he

- 61 -



fully masters the subject he receives further guidance as to his
next step. Otherwise, he is asked, by the computer to review those
areas in which he has demonstrated weakness.

Extensive use is made of closed circuit television. Installed
in many of IBM's European education centres, this concept makes it
possible to record outstanding lectures Tor frequent use in many
countries. In addition it can be used to film individual participants
or group action for immediate replay to allow for self-evaluation.
Finally it establishes a library of visual' source material for stu-
dents to select so that they can study at their own pace, and a* a
time of their own choosing.

Apart from the,rather extensive educational effort expended by
a computer manufacturer in training the company's own personnel and
the personnel of its customers, most manufacturers also' participate.
in some way in the training,,of students in primary and secondary
schools and in colleges and universities. This participation is often
in the form of an educational grant or contribution in financial terms
to the educational institution. This contribution may take the form
of an outright grant of funds or it may involve making the computing
equipment available for general educational use at a reduced price.

Another form of assistance to schools is that of providing
faculty on a part-time basis to the school or In some cases putting
the company's employee on a sabbatical leave for a year or more to
teach at the school or university. This practice has been used in
the past with reasonable frequency and seems desirable to be continued
based on its success in the past.

It is cleat that the computer manufacturer has always in the past
played a vital and important role in providing leadership to users and
to educational institutions in the application of computers or inform-
ation handling systems to the solution of problems and to the achieving
of objectives. Only the computer manufacturer has the total resources
to keep pace with the rapidly changing technology and its possible
effect on the handling of particular problems or missions. The tom- .

puter manufacturer must ensure that his'own personnel are trained SO
as to ensure continuing technological discoveries and developments.
He must also ensure an exce lence of aining and understanding, of
customer problems and missio s no as to take fullest advantag*of
technological developments i providing better equipment to meet
customer needs. For this la ter objective the manufacturer must rely °

heavily on the user for in rmation about the user's needs and perhaps
an understanding,of the user's current approaches to problem solving.
Just as the user must rely on the manufacturer for information about
technology and equipment and programming systems, the manufacturer
must rely upon the user for some4of his information about uses and
possible future uses. AneWe must not overlook the important role of
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the university in fundamental research in both technology and in
.--

applications work.. Some very important techniques and methode for

problem solving have been worked out through the pint efforts of

computer manufacturers`, universities and other users. An example is ,;

the method for faster computation of Fourier"TrafisforMs.
. -

We can only conclude that all groups - universities, other users,

-/public authorities and computer-manufacturers - have an important

r46 to play in computer training. Through working together al groups

can benefit'materially. But by virtue of the resources av able and

treMendous store.of exper4ence in both technology an pplicatiqns

the computer, manufacturer is-4n an eicellentlaosit n to pr

- continuing leadership in the whole complex'field.

:C"
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INTRODUCTIO

Much has beefy written about education and training for various
ctiohs and positions related to the comput r. Conferences have

been held; see, for eXample, Scheepmaker an Zinn (1972)..(1) The
nuilber of people i'voLved in the use of com tors has steadily

increased and therefore training, both for al and on-the-job, has
been taking plate. It would be presumptuo s to attemptin this paper
tq summarize the literature that exists, o try to. provide quantita-

estimates for the number of personnel in all the categories
will be required, or to propose detailed training programs.

more reasonable aspiration is to.outline some of the considerations

hat support the intuitively obvious view that a variety of gaining
programs is'necessary,and that their content will change, and to
provide references to more detailed sources tor,a discussion of
the facts which should be taken into account when specific educe-
tiehal programs are formulated:

VThis paper focuses on university programs for education of

entrytlevel positiobs into management and information systems as the
most" important area needing attention. ThezoXistence ci?effective

academic programs would help to set minimtm aspiration levels. f'
continuing education and tn- the -job t ainingprograms.", In audl
programs, it is parti ularly impor ant o distingufsd between edu-
cation for Computer Scien8e or In orMati send edu6ation'for organ-
izational uses co computers. j

1) -See Referencep at the-en of this Chapter.
n



USE OF COMPUTERS IN°ORGANIZATIONS6

Eyen within the iimitid obSective establiihed in the previous

section, ifslis still Necessary to specify more precisely the scope.-

of computer use for which training is being considered. This section

_is deVoted to defining the relevant area as that of/the use of com-

puters to serve organisations.

The computer or, m4re broadly, ctronic digital stored,

program machines, and their associat quipment for recordi

,.dispiay, storage, and c mmunication/of ata - is extremel atile

and can be used for a umber of-6ife different purp appro-
.priato training for e varid4a use obviously con common

elements, but much of i should be related to the

pirticular area f cern in th a paper is th

for "organiz al" purpose .e.,4for ci

ing and i ormation procea peration

sffective functioning o aniz

be performed man no at

There is no y acnepte 41em. this use of c mpUtsrs.

itte on *niter Education for Ma gement

Ve.I'formation Systems" and ga j) the

oeW,

dmi ion Systems (AIS)'includes the functions

co a data proces g or commercial data

procesaing, the more otic management information

systeme.,All of th e terms h e been: iaihject to a variety of

interpretations different conte s, and contain words which

aervINO perp uate misundersta ins. The term data processing

has to ma .the connotation of routine support !Unctions, such

--as payroll preparati and transaction accou ing,..that are

necessary for the ration of organization but prosaic in

character. By co rdst, the term managemen /informitioh systems

conjurer: up a slob of vice-preaidents,44Sthering information

and transmit ng dpcisions througbi ,dfVidual, remote conaOles,

.:Eivisionvichhegitcausedtheterm,Oassume some ditr*Pute

among tho conc, ed with the *rid as it i8. Administrative

/nformat n Syi ma are no.f.rstricted,to bus nese er commercial

organize ions the sense of profit neekin enterprises, site

similar unctio's are required in the operation of organizations
4.

such as hospl.tals, schools, libraries, re$earch laboratories,

and gov rnment agencies,

It de unlikely that any one rte will be universally ecogniaed

in the near future. ThereforS, it is of too important whet r thiP

term used is Administrative Informatio Systems, Management form-

ati,on Systems, or MaLagement Informaticla;' wtjat is important is that
, .

use T e
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a process-

eceasary for the

previously had

The ACM Curricul

used the term "
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this use be distinguished frnm Engineering and Science uses, fre-i

quently called CoMputer Science or Informatics, and Problem Solving
use, usually called Artificial Intelligence.

Education for organizational uee must focus on organizational
Purposesi The conventional wisdom is that while computers have been

effective in routine data procesbing, they have not to any ,signifi-

cant extent been used by,the managers or affected the way a manager

operates. While this isitrue, it is also true that computers have
had a considerable impact on the "management" of organizations. The
distinction between managers, as individuals and the management pro-
cess is an important one to make in plan*g educatiOnal programa.
The following example from the position paper mentioned earlier
(Teichroew, 1971) outlines the gradual expansion of information
processing performed by computer based systems:

"The procedures used in early business. data professing syste
were very simple. Computerized systems duplicated existing

` t: manual and punch card systems and made litts-eof the ower
4/4

of computers. In recent Years, these procedures/havey come

much more compleF, along with the parallel development of, mor .

complex information processing technology.

" As an illustration of the evolution of.information ppCessi g

systems, consider inventory control. Moat early computerized

inventory control systema required on file with one record ° ,

, for each part containing data on quantity-on-hand, unit price,
etc. Daily transactions consisted of ordererequiring items

to be removed from inventory and receipts resulting in items
being added to inventory.

"A second level Of sophistication was reached when automatic

reorder levels were added. Cost and'usage data were added to
the file and a procedure developed to deterMine when a reorder
wan necessary. The system produced an additional output -

instructions/to the'purchoaing d,partment to acquire additional°
itc.o.

"A third level of sophistication resulted from adding automatic
vendor selection, intended to reduce delays in manual production

of purchase orders. This required that the inventory file show
which ve'hdors could supply each part. Since many parts could
be purchased from several vendors and most vendors supplied
several nai'ts, a second file was'added to the system containing

constant information for each vendor. An efficient technique 4

had to be developed for referencing and retrieving a particular
vendor's record.

"A fourth level of sophistication arose with reqpirements such

as minimization of transportation costs. Since transportation

\costs frequently depend on shipping in carload lots, a model
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mutt be added to thesyatem which determines what otherlDarts.

could also be. ordered *t this time to fill the carload lot.

The vendor-file referenda must now indicate what pd.rta each ''

vendor can supply.

J"Further sophiatication is introduced by the reqUireMenta for

immediate,statua reports. This requires "on-line systems:"

whose design requires more complicated file structures and.'

advanced queueing-theory models to predict performance measures_

ouch as avrage waiting time. .
. --

. "The above progreasion has_reiluiredlopredAingly more compli,

cated informatiOn prccessingteChniques, It has also required

theAme of incraasingly more complicated modeling techniques,

po to implement the desired function :nd, to design the in-'

formation processing ayStem itself. is simple example cannot

adequately oonVey but can only sug at the enopmous increase

in complexity which may.accomparTy. an evolutionary.devPlopment

of.the type described,"

Aa the use of computer-based

of the 0001810p formerly made m

functional areas become'formal

pogremi,,asillustrated for

in the example given above'

The implications of

n.

are:

stems increasea, more:\and 'more"

uallrby individual managers in

and incorporatbd ihto computer

e inventory control application

progreastOn for educational programa

, a) An increasing proportion of "Management" time will be used,

to `develop' rules which can be implemented' by 'computers .

rather than managers computing specific values themselves.

b) Formalized rules require use of quantitative modeling. The

'manager will need to,.become more of an engineer and leas of

an architect.
'5

.

1.----"(

c) Change I continue over the foreseeable future and, come -,
/2

come -,

_Ilisalf_y-asch-Oanager will continue to need training to

acquaint him with new material. Consequently, the content

of couraes'for each level of training ill change Qier time.
.

'ROLE OF SYSTEMS DEPART

"1111 importance of comp ter uPe ha

past two, decades, and they; is every

The primary driving for is the echno

changes the data proces ing'capPbil

is even more imjpotta7f get the re

processing mathodal he apncrea
ment of new/capab is/so we

27'

accept() that

With gton,

4.

71'

idly
/;
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The growth in the scope and complexity of computer-based sys-

tems has led' to severdl changes in the way organizations deal with

inforMation systems. (An excelleritourvey of this evolution is jive's. ,

by penjamin, 1972.) One result of increasing use of computers in

,organizations has bedh the establishment of "Systems Departments"

with,responsibility fori,the design, development, operation and

maintenance of computer-based information systems: To Bode, these

departments may seem evolutions of the Systems and Procedurei 511'

Office and Methods Departments, bilt these new departments have so

much more stature and importance that they can be considered a new

development. The manager is frequently equal in stature to Managers

of the traditional over functional areas - production, marketing.

The advent of'the\Systems Department has made a fundamental

change in the way in which management controls its activities. One

way to show this is in the following.diagram, adapted from Manley

(1972). //

From

C.40411 hl1farchlques
Manscsicent

Dirtociour
ins Mnopr

% MClhode,
,Thi Monad'

ACllvlte
Thi Activity

A To

These Systems Departments have an impact on training require-

ments because they are of sufficient size to require management

personnel of their own.(1) Furthermore, a substantial amount of the
. work is in system development which requires project management.

skills rather than the traditional functional area Elkins.

Zhere are also training requirements for the analysts andpro-

'grammers employed in these departments. rn the past, analysts and
u

programmers have frequently not been considered management. HoWever,

this question has 'recently been examined by the United States

"' Department oi Labor in relation to whether computer personnel/"are

exempt from the provfsione of the Fa1r Labor Standards Act. Exemption

is granted to "... any employee employed in a bona fide, executive,

4

. 1) Fora discussion of the Organization of System's Departments see
, Withington, op,cit., 197g.
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administrative, or professional capacity ..." Perhaps the most

relevant conclusion is the following (Pede al Register, p.2297 ):

"In the data processing field some f ims employ persons d s-

cribed as systems analysts and comp ter programmers. If 'such

employees are concerned with the p anning, scheduling, and

co-ordination of activities whicVare required to develop

systems for processing data to,obtain solutions to complex

business, scientific, or engineering problems of his erAoloyer

° or his employer's customer he is clearly doing work directly

related to management po cies or general business operations."

The growing need for nagement in the new "functional" area

w s also' recognized:

"In the data processing field an employee who directs the day-
,

to-day activities of, a single group of programmers and who

perfermsthe more complex or responsible jobs in'programming

will be consideredoto havemanagement as his primary duty."

Organizations differ in the responsibilities assigned to the

/ Systems Department and.those assigned to user departments. One area

I of difference is the determination of requirements or specifications

// for proposed systems. In some organizations this is the' responsibility

of the user departments, in others it is initiated and carried out

by the Systems Department. Consequently, in many organizations there

is considerable mobility among analysts and management trainees in

user de artments. This can be expected to continue and indicates

that educational programs should provide the pecessary flexibility.

TRAINING PROGRAMS REQUIRED

On the basis of the above analysis, the training programs

required include pr grams for line and staff managers in the

, functional areas and in general management, for managers in the new

functional area represented by the Systems Department and for analysts

and programmers engaged in this area. Analysta and others concerned

with the design, construction, installation, and operation of systems

for organizational purposes are included because they are doing work

that would formerly have been the duty of management and because

there will be considerable mobility between management positions in

the functional areas and positions in the systems department. Many

individuals starting out as analysts may become line managers and,

similarly, many individuals who have some time in the line management

positions may become managers in the systems department.

One basic question is the point at which educational programs

can art; in particular, is university education necessary? The

opin on ofthe U.S. Department of Labor regarding university educa-

tio require ents,(Federal Register, 22979) are:
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"The question arises whether cdmputer programmers and 'systems
analysts in the data proces#ng field are included in the

..- ,

learned profea4ions. At the/ present time there is toicgteat a
variation in standarda'add academiC requirements to conclude
that employees employed An such obcupationsari &part of a
,true profession recrgnized as such'by the acade6io community
with universally Accepted standards for employment in the
field." ,

The learned professibhs.are defina:
.

.

"Generally speaking the professiohs'which meet the requirement
for a prolonged course of. specializedintellectual instruction
and study inclOde law, medicine, nursing,.eccountancy,'actuarial
computation, engineering, architecture, teachings varioug types

. of physical, chemical and bidlogical sciences, including phar-
macyaid registered or certified medical technology, andso
forth. The,typical symbol of the professional training and thf
best prima faCie'evidence of its poiseppion is, of course, the
apprOpriat .academic degree, and in,these professionspan advanced
academic degree is a standard (if pot universal) prerequisite."
A university degree may not have been necessary for a position

in information systems in the past, but. informal surveys show that -
a college degree 16 an implicit if, not explicit requirement for
infozmation systems positions in medium to large size companie
using third generation equipment.

The following, assumptions are made in developirig the recommen-
dations for training policies and programs:

1. The technology of computers and computer equipment is atill
-changing at a rapid rate, and therefore the alternatives
that are available, both on the hardware aide and on the
organizational aide, are changing sufficiently rapidly that/
the content of courses is likely to be changing.

:'7'2. Education and training in computer-related topics for
management will continue throughout the individua Pa career
and formal training will supplement the on- the -j' training.

This legda to a set of.recommendations in which dif if.ent edu-
cational programs and materiel are required for different\job
classification and different age btacket. Figure.1 shows the com-
binations for which some formal education should be available. The
recommendations in the following Sections describe the contents of
these components at the present time. As individuals advance through
the age bracket and job classification, the content of the components
will change in the future.

-
CYI



F&gure 1

Present
Age. .

Voce- :
tional
pro-,
grams .

Univer-
sity
Pro-
grams

.

Organiz-
ation
Trainee

Junior
Manage-
ment

MiddleSenior
Manage-
ment

--,'

Manage-
ment

Under 20

20..30 /
30-40

40-50 Adggl/r Adg Ad

over 50 r 01111111VAr ,4011Mar,

AINING AVAILABLE; TYPE. AND QUANTITY.

.

O

Management training in the United States is accomplished prim-

arily in business gchOols thrOugh''undergreduAe and Masters, of X

Business Administration programshg-type.OT computer-related
material Covered in these courses has bee4 surveyed by McKenne

Tonge'(1971) . A use$111 source of material relating_ Ch c--nurses °

given by gouger in the "Computing NeWalette for' Sbhools oT

BUsiness".

A In- housetraining courses, areoffer-. by many organizations.

Tk}are is however relatively little infer ation)cn these programs

available in the public literature and elativaly.litile statistical

data'. Thereis'some4hg*-mbre detailed reformation available regarding*

computer personnel,'ingInding analyst and programffiersT4e BureaU

of Labor etatisticahasfOrecast the equirements in Various occupa-

tional clagses. Some of the relevant ata are summarized. in Table 1.

According to the Bureau of Labor Statistics the number of new

positions ii Systems,Analysia during the period 1968-1980 will be I

approximateir17,000per year and another 23,000 will.be, needed in

programming. This may be compared with 20,000 physicians, 33,000

accountants, and 73,000 engineers needed annually. An extensive

review of sources of trained computer personnel has been conducted

by Gilchrist and Weber (1972). Their estimate of sources of tra ing

is shown in the table on the next page. They also se t employ-

ment of trained personnel.
A fundamental diffiCulty in educational policy is adjusting

supply of qualified personnel to meet demand. The recent experience

in the United States points to the additional problems in a field.

where technology changes rapidly and where a considerable part of

the training is in-house.4fewyears ago the shortage of-qualified'

applicants for data prodessing positionsoas commonly accepted. The

Bureau of Labor Statistics related its estimate of manpower require-

ments for the period 1968-1960 mentioned above. In the last few years
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Tab e

GROWTH'IN SELECTED OCCUPATION IN THE UNITED STATES 1968-1980

Occupational
Group

°

1968 .

Employment

Per ent
Gro h
For cast
196 -1980

.

Net Increase
in .

Occupation

Average Annual
Openings (not

including
Transfers)

All occupa- 1-

tional gi'oups 75,9207,00a 25.3 19,100;000
All profes-
sional and

.

technical 10,325,000 ' 50.1 5,175,000
Programmers_ 175,000. 129 200,000 23,000
Ehgineera 1,100,000 40.2 400,000 73,400
Accountants '500,000. 43.4 -.., 220,000 33,200
Systems
Aha1ystA-. 150,000 183 275,000 27,000
Physicians 295;000 53.1 155,000h-, 20,000

Source: Bureau of Labor Etat

°

$0 ES OF INFO
REPORTED BY RESPO NDE TS

Source

sticS,'1971.

able

TION PROCES G TRAINING
THE 1971 AFIPS ERBONNEL SURVEY

Computer Manufacts
In-House
Part of Formal Education
UnilPersity/College
Software Consulting Co.
EDP School
Correspondence School
High.Schnol/Vocational Schoo
Other

1) Percentages add up tomo

Perce`ntage(1

47.1
44.5

. 57.5
o 31.4

8.5
6.0
4.5
1.5

e than 100 due to multiple responses.

the shortage of personnel is much less in ,evidence, and some of the
urgency.seems,,to have gone out of the need for academic programs.
Hamhlen. (1972), for example,' concludes:

igh they figures of s pply are compared with estimates of1
demand Wesse_that therfe is no longer d need too encourage a
crash effortl,to start hew degree programs at any level.
H6 ever, if we examine the course offerings of
and bachelor's degree programs, in particular,
had occasion ft) do in he two-NSF-Inventories,

definitely a meed,to s rengthen these programs
facilities pvailable aid course offerings."
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The source.for the estimate of demand used by Hamblen is the

survey made by Gilchrist and Weber (1972). They summarize their

study as follows:

"Despite,the collection and publication of much information

by various prkvate and. governmental agencies, it is still

impossible to make an accurate estimate of the-number of'

computer personnel as defined in this paper (or by any other

definitiOn for that matter). Certainly, it is in excess of

the 800,000 indicated in the following° table.
a.

ESTIMATE OF TOTAL PERSONNEL EMPLOYED BY pEdRAL;
STATE AND Local, GOVERNMENTS AND NON - AGRICULTURAL ESTABLISHMENTS

Occupation Employed(1)

o

..4Per 1000
Covered Employees

:'Ratio to
Systems Analyst

i

Business Systems
Analyst 97,000 1.4 a. 1.0 6

Business Programmer 137,000 1.9 1.4
Computer Operator 173,000 2.5 1.8
Keypunch Operator 384,000 5.4 4.0

Total of Above 791,000 11.2 . 8.0

1). Includes scientific and engineering personnel employed by
government.

'"The dumber of computer personnel most likely exeeeds one

million as shown in the following *le:

FINAL ESTIMATE OF TOTAL U.S. EMPLOYMENT OF FOUR
CATEGORIES OF COMPUTER PERSONNEL FOR'1970-

3
Occupation Employed

Systems Analyst 150000
Programmer 210,000
Computer Operatbr 200,000
Keypunch Operator 440,000

Grand Total
a

1,000,000

"Since criticisms cart be levelled against botlallestimating

procedures, the discrepancy is probably not hurising.

-"Our'estimates are remarkably Close to those made by the, BLS

in their Occupational Outlook Handbook. Their estimates are

based on the average staffing per particular size of CPU, the--

numbers of, the various size CPUs in use, and correction-factors

for productivity changes. This approach, which is entlrely

different-from ours, yielded estimates of 150,000 systems

analysts, 175,000 programmers and 175,000 computer operators

for 1968.
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"Due to the lack of use of standard occupational classifica-
tions, Ay attempt at disaggregationsinto occupational'special-

.

ties may really be more a matter of epeculatioh than enumeration.
"Since the major. .objective of, collection and publication of
these data is to' provide information for manpOwerplanning
(i.e. the matching of the numbers of persons trained to those
needed for a particular occupation), the lack of detailed
estimates°is a serious problem. The result so far has been e
period of serious manpower shortages from about 1960 to 1969
followed by the Present conditiorl of moderiate"oversuppl

Further, present and future prospects are for large oversupplies
in, some occupational specialties while at the same time there
are critical shortages in others.

"It is clear that total employment of computer operators,
programmers and systems analysts is not significantly greater
than 560,000. In our companion paper we found that the current
annual production of people trained for these jobs,is over
170,00O. .To employ these would require a new entry rate of
about,30 per cent which is much higher than the estimates Ofj
relative openings given by BLS of about 11 per cent fOr com-
puter operations, 13 per cent for programmers,. and 18 per cent

for systems analysts. Thits, current production trends are not
commensurate with current employment needs.

ESTIMATES OF 'NUMBER OF ENTRANTS INTO THE LABOR FORCE
FROM VARIOUS FORMAL COMPUTER EDUCATIONAL PROGRAMS

IN 1971

Educational Program 1971 Graduates Entering Labor
Force

HighSchooI 33,000 7,600
Public Vocational School. 45,400 27,000

ocation Sthool 79,000 79,000
Associate 7,495 5,000

3,350 2,300
2,070 1,400

335 110

Toals a 17-0-",f50 122,410

A

"With the exception of the Private Vocationfl Schools each
program is producing a steadily inCreasilienuber of grad-
uates and entrants to the labor. tOrce. There is, unfortunately

insufficient data to break down the 1971 entrants to the labor

force into job skills. However, one can roughly say that the

first three categories in the above table will primarily enter

date-entry, electrical accounting machine and Computer oper-

ations while the lastthree categories will primarily enter

(.;1) - 74 -
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programming and system analysis.

degrees will divide - the top stu

and the others into machine opera

From the above'analysis and that

(1972) and Hamblen (1972)%4t is evide

qualified analysts and programmers is

graduates of available academic'prog

of4formal on-the-job training), an

sary to start mani'totally new gradu

with Hamblen that many of the existi

particularly in course offerings. T

ion that different education,will b

fication. In particular, many more

be needed than graduates with M.S.

smaller proportion of the'most hig

the past the sources of training f

or the manufacturer. With increasi

technology and higher aspirations

such training, will not be suffici

portion of analysts, and conSeque

programs (in terms of pace and ti

universities. These are discuss

he holders of Associate

ents going into programming

ions."

given by Gilchrist and Weber

t that the requirement for

far from being satisfied by

amts (as opposed to graduates

while it is perhaps not ;woes-

te programs, we fully agree

g ones warrant improvement,

e analysis supports the conclus-

required for different classi-

raduates degrees will

egrees because of the relatively

lyAkilled analysts needed. In

V many individ

gcomplexity of informa

s "in-house"

for systems expected by the user,

nt for at least a substantial

tly the most important educational

e)-will be those offered by. the

the next section.

RECOMMENDATIONS FOR

While today a university d

for entry into management posit

entrants withou; a degree will

educational programs shOuld

programs for students interest

functional areas; pro rams

departments (analysts,

:...managers); and programs for co

mers),

UNIVERSITY EDUCATION

gree is not an absolute requirement

ons, in the future the number of

teadily6,decrease. Computer related

ivided into three major 'categories:

in management positions in the

or tudents planning entry into systems

ers, project managers, Operations

put sr specialists (systems'program-

a) Pro ..rats for Stu ants Int

Most of the students will

grams, though many enter

engineering programs. To

sufficient knowledge of

contain one or two tours

of computers in organizd

subjects should include,

these areas.

rested in the Management Profession

enter B siness Administration pro- ,

anagem nt from liberal arts-er

nsure that these students receive

he computer, these programs should

s specifically dealing with the use

ions. In addition, courses in other

he use of computer-based systems in
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b) Pro or Students Plannin an Ent into Inf. mation
Systems Positions

As stated earlier, the number of position- n information
system development is increasing, an se should be
regarded layanagemeht posit , The need for educational
prOgrams in this area s been studied by the ACM Curriculum
Committee on Co";' er Education Sor Management and the
results h been published in a position paper (Teichroew,
197 , recommendations for a graduate program (Ashenhurst,
1972) and/recommendations for an undergraduate program
(Couger, 1973). These recommendations are based on the
recognition that information system developthent is in effect
"organization engineering", and therefore the student should
be equally knowledgeable about organizhtions and how they

"-work as about computers and how they work. He should also
develop some engineering skills: modelling and design.
Students completing these programs would be prepared for
entry level positions in Information ,Systems dSpartments.
Depending on their own interests and opportunities available
they could pursue careers leading to management-positions
in other parts of the organization, management positions in
the Information Systems Department, or as information systems
professionals.

c) Programs for Computer Specialists

The number of positions available for computer specialists
will be much fewer than those for the two categories men-
tioned above. A degree, preferably a graduate degree in
Computer Science or Computer Engineering, will be a'necessity.
While most of the educational program will be devoted to

. technical subjects, it would be desirable to these students
to have at least, an introduction -to the role of computer-
based information systems in organizations.

TRAINEE PROGRAMS

'Many organizations have management traineeship programs in
which recent university graduates spend from a few months to perhaps
a year-and-a-half in several pobitions4 These programs can be ex-
tremely useful in providing future managers with a knowledge about
the 'management considerations involved in computer-based systems,
particularly if the university prggram has been in en area other
than Busirfess.
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z
Allalanagement trainees should spend perhaps as much as one-

,

third of their time in,the Systems Department. boring this time they

should be introduced to th stem development procedures used in

theerganization and become aware he problemOf managing large-

scale development projects. They should a come aware of Vie

diffidUltleS of establishing user requirements an importance

of user participation in the eventual effectiveness of the m.
7

Taking part in an audit of a :system recently completed or one which

is not effective is frequently an excellent method for realization

of the,complex interrelationship of many-factors ineffective system,

development. Similarly, trainees headed for entry positions in the

,Systems Department can be, made aware of the user's side by partici-

pating-in the development of specifications for a new proposed}

system.

JUNIOR MANAGEMENT PROGRAMS

Aftery(ew employee has completed his.traineeship program and

worked far A number of years, his career goals will become more

specific and in line with the general assumptiOn that formal educa

tion must continue througho t the career-in parallel with -tIte-job.

Ire'

training, and some ormal aining is desirable. In es,

organizations wi not wis to deVelop their ow4-tii-urses

'instead use outside facil ies.

For the exceptional ndividua ggraduate program a i estab-

lished university will be wort ile. For others a part-t me evening

degree program should be encouraged. Such programs areHdezirable xpr--

. their general. education :s'well as the,sPecific skills-and knowledge:
r

they impact. For most the employees in this categoryfIrowever7V

forMal education will p nsist of "short" courses and deminaicir

specific topics. For managers inothe functional,areae, the ost.

important cour are hose dealing with advanced
\

their own- s. Thee courses are offered by yniVersityi ea-two-
--

,-- z ,---

or ee-week'courses; sometimes are organizedbithe profe04/

)..aional societies. Se 1 for example, Arms 2) and Hammond/
......,

(19'72). ,-

14i . For formatio system speciali who are being prozsniedt0 .$)---

managem nt Positio s in the Syster Department,'tfie mostAmportant

training 'is in m agement tec iques, particularly project manage-

ment techniques. Courses tfese topids are offered bythe tsiness

Schools, professional Oiations and sometimes commercial training
. ,

institutes.
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MIDDLE AND SENIOR MANAGEAE PROGRAMS

By the time an individual has reached the 'middle man gement
level he has damonstrated'Aility

to manage in a given a ea find to
keep abreast of developments that affect that area.'He s then aspir-
ing to positions that involve more of the organizatio than one area
This is exactly where computer bated systems are cr atin opportuni7
ties and stresses (perhaps unrecoliOzed).

Since middle managers are tus);\and have many yeasponsibIllties,
training programs must be designedArst of all i small ta - one-

,/half day or perhaps a day The basis emphasis m be o oonvinoW
the Pic/or subject a enough tc,look into,
rather than suRplyin datallesk_informatr on w ich a ecision,dan
be based: All too,of en middle manegeme t--dorses o rempheeiMe the
presentation of tec ical facts or 1 er=le el 1;js (e.g. computer
programming) in whip thmanagers Show e, t,but which does not''
change theil. behavi riti4Nthly return-t' eir,daily environment.

The consict*iiiironiO'suliined dbo, ,or middle management apply,
even mor sharply or trainin( co ,a.4 for senior executives. T e

suc / 4 must"be even more on'emphasis in the de iin of ufis

desired chang7in he"beh of e managers compl tUng course.)v
as recently been completed by

tion about progr orie'
iven by Harold (1

A study of/how ef

Ruth (19' ). One

ecti ey a

ce of,i
the m ager to comp s
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VIz
PHILOSOPHY AND CONTENT OF TRAINING FOR. COMPUTING

by

//.Aaron Fineman
1 Jet Propulsion Laboratoiy-

' Institute* of Technology'

(U.S.A.)

'INTRODUCTION

S

The academic discipline of computing has become increasinkly

accepted nd respectable at United States institutions of-higher '

education uring-the past few years. There are more and more depart&

ments of co puting science (known in various guises as data procep-

ping, inform tion science, information processing, or my preference

of computing nd informatio ayiitemp which is hardly us well

as computing tions embed :d within more established depar, ents

of mathematics r eleqtri al engineering. Indeed this rep9.d prolif-

eration of educ tional ogrhmi has given rise,to a nhmhar of concert s.

about these prog ms, H ve we gone too far too fast? This paper

addreasee some of thes concerns, based principally on My experiences

with United Staters ed cational programa. My travels in other countries

indicate that sitil problems'exiet elsewhere, except that in moat

cases ?cational a ivities in computing lag those in the United

State 's. 'he period of lag usually reflects the developing status of

the cou tryi-or t inability to commit rdsources required in-estab-

lishin an educa iontl program in computing, or restrictions imposed /

by academic str ctures and'attitudes. At Western European univraiti

iced is progr ma in computing date back about six yo68(1))!; Three

oomp' ting ac demic.programs are approximateYylour Pairs old(2);

Sou h Amer an countries about three yedrs(3), (A); pr rama in

At icon countries date back only one year or so.

,

Figuria-in brackets ref
-6f this Cha te

eflst of Refereno a at the end
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In the United States, history is almost equally rief, going

back( abojt twelve years. The rapid groWth of univ sity Computing'
n

ceenters during the 1960 to -3965 period resulted n an increasing
..

awareness of the need for associated hducati al p'rograms.,The-first

serious studies occurred at the Universit S of Michigan and Houston

(5), 1, )., (7). The heavy emphasis on thematics and engineering in4(
these progre.ms continues to this day. With this start'the,Orolifer-

ation of academic programs apaUMed epidemib and uncontrolledgro

during the 1965 to 1970 period. Programs abounded at private v tion

/schools (certificates of dubious value), two -year colleges (Associate

degree), four-year colleges (Bachelor degre4) and etuniversities.
.r,

(Masters and Doctorate degrees). More recently there have even been
,..

proposals to have two-year colleges offer four-year programs in ObUl-

puting (0. Some of these growth patterns are reported by Keenan (9)

and Hamblen (10) and (11)..
.

+ This galloping growth stimulated attention by government ageri -'
.

-2 T4.
cies (12), (13). $tudieh by professional organiiatione and univer-

sities also provide.general and specific information/514) and (15),

for the engineering and mathematics thinking, (16) /and (17) tor

university conferencei7. On a continuing basis, pUblications of The

Association for Computing Machinery (ACM) espelyally the Communica-

tions (18) and the Bulletin of the ACM Special/IntereatZreup on

Computer Science Education (19) provide informative materiel (See

esPecially the SIGCSE Technical Symposia Bulletin issues in 1970,

1972 and 1973).

The report of the ACM Curriculum Committee on C9thputer Science,.

Curriculum 68, has had the most profound effect 420),It gave the

computing discipline a scholarly respectability, an intellectual

base and a comprehensive content. Curriculum 68,created the mold '

a2'd mast United States universities attempted to fit. that Mold when

establishing academic programs in computing. But many have found

the Curriculum 68 mdld too confining; the products of Curriculum 68

type programs are more theoretician than practitioner, more maths= .

mortician than engineer.
, .

.

Irrthe remainder of this paper I offer some impressions on

educational programs in general end computing education'in particular.

Many of these comments contrast'with the Curriculum 68 apprdach.

SUPPLIERS OP COMPUTING,EDUCATION
a

People enter the computing field pfirough many ports:

'other fiel4p such an engineering' and mathematics, some

educatyinal backgrounds (high schbolro,after t4s,kn
0

by maufacturers or private vocational
,e ,,,.

.

,

number from the academic cOmPuting )r;.,
---- 4 / 4i.. "-

,

/,
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, higher educat o . Seegmaller (21).refers to this.phenomenon as the

migrati* ffusion of employees of4completely different and

unrelated pr fessions - "bakers, truck drigers, butchers, secretar-

ies', sales rls, etc:, - into the computing environment. Gilchrist

(22) indi ates (from admittedly sketchy data) that the largest per-

entag f computihg,practitioners in the United' States are products

/ of m facturer courses and vocational schools (excluding those who

gr :te from university programs in other disciplines).

If we accept the fait that computing is truly an academic dis-

line then we must accept theconsequence that the professional

ractitioner requires a four-year college education'. Most people

Piave by now accepted the "intellectual respectability" of computing

and the benefits of college exposure. For example, the National

Academy of SCience rep.ort (12) notes that over 50% of those entering

the computing field for the foreseeable future (as of 1966) will

require College degrees. An AMerican Federation of Information

Processing Societies survey (23) found that almost 70% Of the res-

pondents possessed a college(degree.

With this premise we Must view a sustect the graduates: of u '

private vocational schools or mahufacturer-sponsored courses who

"without ever having had a sound education" (211 enter the computiAg

field as operators and in time progress to programmers, analysts

arl9 consultants. Sedgmiiller .(21) refers to these people as ."under-

oundexperilis" and -staters that manufacturer-offered education "has

to by viewed just as a disgrace to culture".: Mercouroff (24) notes

the exploitratiOn of the appeal to be a computer expert by certain

_Pr e enterprises, "some specializing in the aale of computer

cou see, while others dealt in pipe dreams".

There are technicians in the computing field (progressing from

keypunch to computer operators) who require a high school, vocational'

Or two-year college education. However, we must*not confuse those A

with computing profeaaiOnals who require a "sound education". In

the following elections we attempt to define the- !'soundness" ofi'tych-

/ nology oriented education in general'and computing education in

,part4
f

Oular.

'BefOre doing'so we-ehould consider the implications of unsound

education4 whether at'the technician or nrofessional level. In com-

puting education we, hava,adopted few control mechanisms to assure

'W quality either in the vocational schools or in their graduates. We

allow all to enter/the computing field.With little safeguard against

substandard quality. The situation of two-year colleges is not quite

analogous since theredaually exist Some quality control mechanisms

at these institutions; yet we assume that graduates of these programs

are eligible for professional positions. Increasingly we hear calls

for certification of institutions and licensing of their graduates:.
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(Recently the ACM and th DPMA.i

personnel certification.) Comp

industries i
\

n the United S at

National Product expendedo

ciated sereiceo (25). Yet

in today's society. We m

to assure that our pre

itiated efforts which m

tingyea become one of

awithKover two per ce

comp4ting"hardware,

r ay',iinforMal met

t dertake whatev

itioriere are qual

lead to

he biggest

tofthe Gross'

ftwtre-and 4350;0

des 'no longer au ice

steps are nece aary

led and compete

PHILO PHy/OF TECHNOLOGY ORIENTED EDUCA
' .

ON

Until re it wge-accepted that the technology oriented

student rec ive an unditrgraduats edUcation concentrated in ti51

partiCUla f ld. T s the-?ehgineering student was exposed to an

almost e est; 4(_:orgram- of engineering and related Science (mdlhema,

tics, , chemistry) courses, con tituting perhaps.80 to 90%

of hi. couraes. At the present, time t is'is still' the genergl prac-

tic the United States. It is true even more ao'in'other countries

wi h the faculty, chair and specialized inatitute structures where

udenta normally take all the courses in their faculty.

In the past few years thi ,prtctice 'has bees questioned and,,

wanting. The most visible example

n at the Massachusetts Institute of

olog4cal education in the United

established a 0ommission on Under- ,'

the acadamievpr6gram. Preliminary con -

ree basic aspects of undereYeduate edu7

at least in some instances, f

of such self- examination has

Technology, the epitome of

States. Several Years ago / MI

gradvtte Education to

clus4ons (26) identified t

cation:

'a),Zntegraticn of owleage: This concept usually means inter-'

di, plinary c rrieula or general education. More siecifig,-

_Ally, the mod rn problems of civilization will require that

studentb develop the ability to synthesize as well as to

'',/' analyze., /4 .

,,X 4 b) Rolation 4T Pacts and Velue,s: We define' produce engi/-
,,,,

jeers and scientists without including intell tual tools

from the humanities in their required menu kit/This is
articularly signifiCant today because t .,most difficult

a

problemn e face are 'those which relat facts in values.

A/clEdutatio for Citizenship in a Democ .cy: To ao e people

these days this sounds a bil,"squa ". But it h e never been

more important for student
/

to erstand the hittxre of a

democraCy and their rolecy as i ividuals in it,: .

Some time later the 'parent, Comm lion on MIT EduCation lane*
an,initial formal report, C tttive Renewal in a Time of Crisis (27).

The recommendations in t report broaden and Modify/the above

.tonceptsC
/ ,



ai'G neral Objectives: We begin from the.premise that MIT

s ouid maintain its historic commitinetit to excellenoe'in_. .

e main fields of science and technology. This commitment,,

Owever, must be joined to a recognition of the pressing

eed to,dnite the e-pursUit of knowledgeWith a concern ;f-or

ocial responsibility in the use of that knowledge. MIT

raduates must be prepared not only with the skills they

%.tlioirls,ribeucti talseox:eiltha:hset::id:ths'of=1:::::::7thientu::-'

have if they are also td beCome responsible professionals.,
''1)) Undergraduate Education: Throughout American higher educa-

tion, the undergraduate years have increasingly come to be

devoted to preparation for graduate training. At MIT, where

professional education has always ben a central concern of.

the undergraduate program, we have been moving in the oopo-
i:. site direction to provide a broader foundationfor profes-0-

sional.education: This movement should be intensified by
. -

establishing a new First Division, the respOnsibility of

the institute faculty as a whole, as an institutional focus

for general education during the firit two years. The over-

all aim would be to encourage students to'develop a,broader

-outlook as well as individual capacity for creative synthe-

° sis and self- education. 0

c) Graduate Education: Graduate education should be re-examined :

to cultivate a deeper understanding of the social, consequeriees

of science andtechnology, to improve opportunities for

graduate students to'acquii-e training in teaching, to develop

. broader (three year) interdisciplinary programs leading to

the Masterb degree, and to develop pre,-doctoral intermediate

degree3 that do not tvouire an original contribution to knbi-

ledge but recognize a dimension cpexcellence in another

area:

d) Knowledge and Values: MIT should take seriously the intel-

lectual problem of defining the relation of knowledge to

values, of improving performance as an environment for humane

learning and of stressing a commitient to public service.

The separation of-scientific activity from broader cultural

pursuits and intellectual conC-61'ns has all but destroyed the

capacity of academics to think of themselves as members of

one common profession; problems that arise at the.interface

of the disciplines tend to be neglected or are too difficult

to approach. The curfent atmosphere does not adequately

encourage humane learning; 'too many faculty members and

students continue to think of the humanities as unimportant,

irrelevant and methodologically soft: Immense value is
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..,,placed on tec

effi ienCy, a

cont mplative

life. Without

values, we mu

ness. If we e

cultural prob

° knowledge, we

here first:

Clearly bany"df.

tional wisdom. It. may

tions at all institut

desirable to do so;

uniquelpriPtitieS and

expressed in these re

ation and be implemen

too-often in our h'ast

= that the purpose of e

philosophy affects my

the followIng,section

PHILO

Asvelready noted

on computing educatio

by whiekt to measure t

Reis has been behefic

:content. On the other
at; 44 g'

professionally cTriente

courses and six mathei

three computing course

courses as electives.

well versed in compute

products we should pro

basis of the philosoph

creasingly larger numb

this apprcach.

Oettinger (16) first notes "...that

ourselves as computer scientists, we are dang

ourselves, our studentgelind the world at latge. At

uter Scientist and Engineer."

ical prOblemorlving, on productiVity,

tion; organization - to the detriment of more:

casual and spontaneous modes .of intellectual

losing' -the great virtues inherent in these

t do more\to make room-and-time for reflective-

pect to liave'ery impact on the social and

ems which result from the fragmentation of

ought to begin grap ing with those problems

hesereapmmendations conflict with the conven-'
notThe feasible to implement all recommenda-

ona in all countries. In fact, it may not be

eyeloping, countries for example have certain

problets. Yet I believe that the philosophy

ommendations should- receive serious consider-

ed to the degree possible. I amconcerned, that

for quantity we forsake quay, ae fo get
ucation is to educate the whole man. This

concepts of courting education, expressed in

OPHY OF COMPUTING CATIO

Curriculum 68 has had the most profound effect

many institutions view it as the Yardstick

e adecidany:oftheir programs. And in the main

al, by setting certain standards and defining

land, Curritillum 68'is in the tradition of

ptograms. If recommends that ten computing

tics courses be quired, with an additional
and an unspecified umber of mathematics

he products of such a curriculum ar-eEertainly

g and mathematics, but are they really the
uce? The MIT reference above would, onsthe

expressed, indicate not; moreover an ink
r of compUting_professionals are questioning

usly mialea "ng

the title should be Com

notes: "In our rush to

to mold students in our

mistake of prescribing n

nical subjects....we ca

rther,

he accepted as scientists and engi ers and

image, I hope we are not going to make he
)

rrow curricula restricted entirely to. to
9

of afford to produce students who are
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ignorant of fundamentals, Whether of physics, mathethatios or funda7

('
mental branches of engineering. Our students should be well versed

in economics, well versed in the social sciences," He is appalled

by the spectre of the army of technicians that we might ot4erWise

create.

Mercouroff (24) notes that computer specialist training is

bound to become steadily brOader; Rapid technological c ge increas--

. ingly calls for general education. Further; the many new uses
'eld:informati n processing require training in some additiOna

9
Accordinjly, the number of pure computer-epeCialists will decreas

SeegmUller 1°21) sees his ideal graduates as those who possess
--

--....

-
knowledge of one or more problem areas besides computing; who see"- .._.

implications, interdependencies, constraints, far reaching conse-

quences in human organizations;, are very good in communicating and

cooperating with many other people; are resourceful with a we

balancedattitude towards efficiency. "This is the 'superman'. many
-.

organizations are watching out for so that he can solve their organ- i,

).

-

izational mess (which was brought into the open when they set' out

for 'au'tomation')." Indeed, this parenthetical remark' is-mostrvalid.
0

Many organizations have tried to "automate"' simply by acquiring a'

computer. It is a fact of life that automation brings with it funda-

mental changes:in systems approach, organizational structure and

-human,-relationships. Ignorance- (too often 'by the "computing experts")

of'these implicayions-doomsthe impletentatiort to failure.

In aft articlewith RAlston2(29), I proposed a more liberal

undergraduate education than Curriculum 65 for the following princi-

pal reasons: , ., 0
,.i

a)' Computing pervades many dischulinea:. the computing studrr.e_t

I. thould have a background in the d1isciplines to which comput- ---7
v. f

ing contributes as well as those which Contribute to comput-

ing.
.

.

b) The communications gap between the user of computing tech-

nology and the computing practitioner be remedied by

exposing the computing student td user`dikciplines, rather

than relying on the user to absorb.the new technology.

c) Engineers and scientists are being held increasingly account -

able for the effects of, their work on society. If computing

. technology is to contribute to'the:meaningful development of

society, the computing scientist must be a well,..edutid and

informed citizen.

Finally, and on pragmatic unds, I note that Curriculum 69

implementation requires air amount, of resources - in staff, spactr,

equipmentandfunds.Theserrcsimply may not be available.

An ACM Subcommitte 1 Colleg

rtes
has attepted to shape

: -ee-

M

Curriculum 68 recommendations within the s 11-triberal) college

environment (29). ----



THE EDUCATIONAL PROGRAM

r
The pointsof view expresfied above suggest that computing edu-,

cationalprogramSshould be interdisciplinary with breadth id a
variety of subjects and depth in more than the computing subject.
This is espedially true at the undergraduate level, and to the degree'
possibly it should fallow through at tfle graduate level. Such ano
undergraduate program should make it possible, indeed encourage the
students to obtain a "double major" degree., i.e. in computing and
some other discipline. It might have the following constituents,
based on the normal undergraduate, programs in the United States

.

consisting of approkimately foi-ty-one semester courses:
- a) Required Core: The core would consist of fourteen to fifteen

courses -.five required in mathematics, 'ive required in
computing, twoin engineering and two'or4.,three elect11 0
om these areas.

b) Requi _i8tribution: Fourteen to fifteen courses would
be distribute- T other fields - five fromrthe sciences

Zlv

and engineering; and,41tInsor ten from the humanities and
social scien ces.

c) Additional Depth: The remaining ten to twelye courses would
be at the discretion of the student. He woupd k encouraged
.tn,apply. them to d'ne aid no more than two disciP ine8 so
that he mightuffil the requirements .of a double major.

Note that students might well select courses from the humani-
\

ties an4 sOcial sciences to gain depth in thege areas rather
than the sciences and engineering.

. Stich a program infers the following points. First, the normal
mathematics courses would be restructured. It has been remarked that
perhapijOinety per,cent of mathematics is not needed (by the comput-
ing student) in present form. ThiS may exaggerate, yet clearly
there should be greater emphasis on discrete and applied mathematics.

Second, the computing courses should deal with the "engineering"
aspects of hardware and software (and their integration) as well as
the theoretical. Too,often computing science programs tend to r
these aspects as "impure" (perhaps as pure mathematics tedds t
regard applied mathematics). We must keep in mind that computin
spans a wide spectrum from abstraction to,'Concrete application,

the purest of pure mathematics tbmthe dirtiest of engineering. W
should not-be-a4rnid to display our dirty :fingernails. If ind
they are as dirty as they should be, let's be proud of it.

Third, we should not shy away from embracing business data 3
processing aspects into the computing program. Too often we relegate
this education to "someone else", because we regard business data
processing as ev6n more impure than engineering..We thereby encourage
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COMPUTER SCIENCE IN SECONDARY EDUCATION

by \, .

JacqUes Hebenst eit

Directeur du Centre de alcul de

l'Ecole superieure,d'el etricite'

Paris (France) '\\

INTRODUCTION

Until a few years ago computer science w emainly introduced

into education:in the form of "computer-assist d instruction". In

other words, computers have so far been little sed in education

except-td"replace t e teacher, with varying deg eels of success.

In programmed t aching, "drill and practice' techniques or '

dialogues", computer 'erely replace the teacher in transmittilig

nowledge ind testing wha has been learnt, with 11 the flexibility

94hese ma Ines are capatfle if pr5rly Program d.

However, a new tendency i emerging, based,on the con iction

at' computer is becoming :n independent fiald end at its

,n thodology can offer education mucft\more than the a4tomatio of

. ich largely minor tasks as the transmission of knowledge.

EDUCATION AND THE TRANSMISSIQW OF KNOWLED04 ,

, .

Educationhas long been cqnsiderqd as a system for transmitting

k owledge and is still so regarded to a considerable extnt. This,is

c ear fr8m the division of education into quasi-independent "disci-

pines" along lines which have little varied since AugustAComt's

day. The objective is,to fill Pupils& minds with as mudh information
., .

a J3ossible, while the representatives of the'vario6s disciplines

c c. older that the number of weekly teaching hours at their disposal

-is far 'too small to attain a certainlevelbelow which they cannot

u' operate.

In view of the steady increase in our,knowledge,it was natural

try to solve the problem of cramming a constantly expanding

0i - 85
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1. Q,

4 0 /.
4. i

content, namely the kn Wledge t. conveyed, into a largely un-
. .

.changed container,- eaning the hours a pupil it expected
.

to devote to his schooletetiv tiesp

0

On the strength Of hiseNt

and the spectacular results

'proposed that this ppble

,Starting with the pre

Mission of knowled

ihg capactty°

a) br

andinci work apkrnal psychology

has achieved Pronalcinner: has
should be solved by progratM instruction.

se that education is a system for th rens-
, he suggest that the use of the pupils,' 11],

ould be optitised

ing down the recorded material into elementary facts
oncepts which ate carefully analysed and ged in

order of importhnce; ,

b) introdMcing oupile to these facts an&conetepts one by one
in lopiCal order;

c) ensuring.thai correct replies to the'questions inserte
between the items of information are ewarded by wor
riaise.

Even if this method is suppleMented by impro
Crowaer and others order_to make the sys

singularly recalls the cenventional techniq

ditioned reflexes in'IiVing organisms.

There is nothing surprising inPth
method aroused when it Was first proposed, i
much of our social life' is based precisely o

omen's capacity to be conditioned is infinite ious example are
the°kind of psychological suggestion and bra n ashing practiced by
the mass media, not to speak of the advertis plgtechniques b&sed on,'
motiv4014on stOdies. These psychological and ociologica consider-
ations alone would be enough td'condemn t s apprbach a a general
pethod of education. We shall refer late' t. it use i certain
specifiE cases, but there are even nor' tilaquiet ng elopmenta.

It is obvious that such oonditio ipg rts 'cquiiter to the sort
of adapttbility which is more neces :ry the AK, r at a period when

I

ements 'devise °by

m more,,tlex .1e, it

es used to duce con-

-/
enthusi on which this

view, f the fact at

the assumption that

,many specialists foresee, that tnd 's schoo

change 'occupations two or three imes in th
It is obvious npt only for suck/reasons of

Practice, since any thchnique used to teac
has a twofold limitabion: e speed it te
and the time he can evot to the learning.,

terms is finite, t pro uct of both is'al

that whatever the methoyI used to transmit k

upper limit to the qua tity of

1

kno edge an individ, al can acquire

:11
in the course of/his school life. 1t according to certain experts
the quantity of information generated b9 our goci ty now doubles
every ten yearb, and there seems to- be no foresee ble end io the .-

ch

ir

rin

ldren ill havp to

orkin' existence.

iple ut also in

more thin s in less time

es a huma being to learn

pros ss. s each of these
ft

o finite, and this means

nowledga there is an

process.
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The rags

ing based

i wh er optimised,or oA'any system of teach-

und to fail, aince

tpone he hour of
talon of.knowledge.

sing a method i

e. %ran
e 4

Ah e of op

/A lure ,./

The

and ins ion; ique otteachingl.

In view'of the technoloacelPtrend of the prese

hardly su ising that motCresearchers u ham concentrated on

the s d part of the definitio .e. tPie echrI'ique of teaching..

an only wonder that someone hat not imitated the AmeriCan comnan

which has adopted the name of Edutronics

the etinew eCtivit;& known as dducatio

given the name if "instrtIntics", "educe

This outlook is very,uaforttnate

not be-eeen:To reee, but that (

ctio

MP

I
a

SCIENCE A

ped : =

rely

I

t DO

DAGO G

ca de the "science of education

age it is

d" hag not EUggest at

techno should be

or even-,"teachics".

that not only canftthe "wdod

infinitely more serious /

it induces Such an obsession th the means of teaching that

the means have' eventually become the/ nds. I shall mention but ane

example, Mich has the merit., of pal g-recent and is in my view abso-

lutel ypiCal.

In a publication on compiler- .assisted instruction Which has,

j et been iseued .the author 'does' not hesi, te to lay down the
.. .

t at
,

',,"teaching baeical y Consists in troth mittihg infnrmatio

hichthe ,cOrollary is that the teac-npr, because he cannot ,i/e

sal, fqeMs a screen be ween informatlon and the pupil. The /

is that it is far bette '..0 let tl p it obtain direct a

information rather than thrdugh such n imuerfect, Apo

4-Al. the teacher,
0

It would hardly be

teaching is based on thi

Admitted]', t)4 let

by:en American team whit

amazed to'diScover that

memorised them/ much more

ingful text than singly.

When this truly surprisin

\ This example among m

research is conditioned "b

is almost always kMplicit%

1)411 is treated like a bl

tent of,the black box is e

-Unfortunately continue

axi

nivet-

onclusion

ess to

mate channel

si plifitation to say th 'Oftogrammed

mist).

ustifies resear

ter several

s faced wi

y when

of the type undertaken

ths' inv stigation, was

a list of random words

hey were inryorted into a mean-

sur' that everyone as-dgly edified

t was recently ,pI,IbliKed.

thers shows the egree to which American

aviourism. behavioljrist approach

er the prate, of objectivity the

box, no explanatory model of the co

uilt and/the consequences haven,
e, nothing short of disastroua.
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'Since the2behei4OUrist approach ultimately threatens to negate

the very idea of teaching; the working group of which I am chairman '

decided to start from a. radically different basis. As computer.scienCe

deals with the processing of information intthe most general sense,
and a education is substantially a way ofprocessinitoartpin infor-

mation, we have attempted to apply,the,methods of computer science

tb pedagogics.

a) Attempt to apply the methods of computer science to pedagogics
V . 4

AsI ,

pedagogics is the salience of aducatAnAnd instruction we
,

felt hatif we ere to 'make any p ogre-pawe needed' mode of e

;
indiv dual fo hom suAedudirt nlvee intended,-ive. a od of the 4

pupil)himpe . We Were aptlbbking for any universal Model whiCh

would exp a n,the details ofa, nupil'abehavidbrin all circumstances,
WO i would have been'Par, too compleZ for use. What we needed was
a m 1 hibn was genera). enough to be reallY4Iteful and yet precise

-

/ape simple enoughito'be readily utilised.

Considering that pupils ate, oh the whole, intelligent indivi-

/A(.

duals,-the model Waladopted or was purely and simply the

computer-scienceldefinitio of a "intelligent system". The defini-
tion is not new, as it lathe batis for contidereble research on

artificial intelligence-. In no case'does it claim to describe the
whole field of human intelligence. But/owever.incompletOt ip we'

V

shall see that it still has the enormous advantage of leading to a

numberipf interesting conclusions. This definition is as. follows:

, "A system interacting with its environdent is intelligent if:

- the system possesseb.a model of its environment

- before action is taken to achieve some specifiC environmental

effect the systeM testa its action by simulating it on the
Nodel;

- when simulation does not yield a favourable result other

°action designed to achieve the same effect is simulate

until'a course of action is discovered .which is likely tb",--
- .

be favourable.

"Action then taken to influence the environment may have tJo
possible issues:

,.0 if the environmental effect achieved.confirms- the simulated

" effect, the model is reinforced;

- if the environmental effect differs front the simulated effect'

lfr

the model is.corrected inthe light of the result obtain 4..
. i

A possible objection to this definition is that apart from%

few details it merely reproduces the definition, that "a system is

intelligent if it it self-adapting". HoWever, the latter definition

is of the behaviourist,:type;i it is descriptive and4ltimately unusable,

whereas the definition we propose it, of the ce ,ter-science type,

enabling a utilisable model to be Obtained. ,)

-96- 88
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It is moreover interesting to compare eur definition man

intell gefit system with the role which prof. Jacques Mo d assigns

it
to th b/fain:

";-'It ensures the control and the pentralco-o ination of

neuroWotor activity, as determined,,by-af erent sensory

impulses; .

In the form of genetically.determi d cirdults, it contains

. programmes of action of vary d grees of complexity, whi
.

.

are triggered by means of specific st mull;

It analyses, filters and integr4tes fferent sensory impuldes

.in such a way'as to build up an ima of the outside world .

Which is adjusted to the specific erformanceo of the particu-

lar animal;

-,Depending on the range of,thes?pecific performandes it

records significant events 84/classifies them analogically.

It associates these classifications according to the concur-
,

rent-or sequential relationship of eventsmaking up the
V. e

classifications. It enriches, refined and diversifies the

"innat% programmes by including these experiences;

- It imagines, meaning that it represents and simulates outside"

events or programmes of action which are those of the animal

itself."

We have, quoted Pref. Monod'at'auch length not so much to empha-

- size hpw closely related these two definitions are but to expand on

certain points in oar own definition.

) The concept behind the model

-',;T- he term model norially conAures up the idea of a 'mathemat ca l

Model ascpmmonly used by physicists. We are not using the term model

in this sense. Indeed, as Prof. Monod points out, a model may b

causal, analogical, quantitative:temporal, logical, mathematical,

etc. and it may even be all these things at once, depending en W ich

part of the model is oonsidered. °

Very generally speaking the model might be said to be a "fu zy"

relational system ein,the sense in which Prof. Zade) speaks of

"fuzzy sets"Y which is, formed by a network of connections of var ing,

degrees cif looseness according to the part of the network consid red,

does not/necessarily form a whole which is entirely coherent (in

lbgical/sense), but structures a set of,m orised knowledge.

aturally, the model must not be c sidered as a juiltaposit on ,

pf emorised knowledm with a relational structure,but ati an inte

ac ion between the two. This means that thfe way new knowledge is

quired depends on the pre-existent model, which the acquisita of

any new knowledge more or less radically altere'(this primarily earls

/ that there is no pure penomenon of memorisation excapt of cours in

certain processes experimental psychology).

,77
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/with reference to the remarAable' research done by Prof. Piaget
d his team on causal explanations, the model which the intelligent

.system constructs might be described as'a dialentic synthesis of the
operational attitude and the logico-mathematiOal attitude, these two
terms being used as Piaget defines them.

It is important t emphasize, and we ,shall have occasion to

revert to this pointy that the modal in used by the. system as a fore-
casting Model% As A result, the more extensive the environment to
which the model relates the greater the capacity of the syntem for

effective envronmental action. However, as Prof. Monad points out,
while the.1(ed

refined an

In

-building process is innate it may be intensified,
developed.

nclusion, it is/clear from the two definitions that exneri-

,mentation is the only guarantee of validity and the only way in which
'the4odel can be corrected, amplified and developed.

It was, on the basis of these considerations that we believed

the objectives of education could be defined.,

c) Objectives of education

For many generations secondary education proposed to "train the
mind" by means of Creek history and Latin 'versification. Knowledge /
and control of the environment was something which children were /

/

/

supnosed to learn from their parents. , '

The introduction in ,France of rompulnome, non-denominational

cont-free uCatiSn did/little to chSnge matters as i s mor
leer, co nod to the four onerations on real and rati 7I nu n,

to sOo in' and the, list of the main towns in each French apartment -
. - a ha ly coherpnt body of knowledge which nunils had t earn by

h art. '' - '

This whole sytterdwat challenged by the ev - increasing cooed

of technological growth. '

Faced with the increase in the ma o accumulated knowledge,

the educational nyntem reacted .b9 inflating the curricula and

increasing the number of subjects taught. An the pace of technological

nrogrede quickened it had to call upon technology to try to teach more

thing° in less time. Finally, disheartened by the increasingly rapid

obsolescence of the knowledge acouired, educationists launched the

slogan "teaching means teaching noonle how to learn", as if this

formula which in nothing but an admistion of impotence had any chance
at all of solving. the problem.

In view of what in,now called the information explonion it in

clear that conventional'education, conceived an a system of trans-

mitting accumulated knowledge, is on the brinlo of bankruntcy.

If we now reject the idea that education in the trantmisnion

of knowledge and analyse the approach to teaching by taking at our

-98.-
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basis the model of the pupil considered as an intelligent system,

the problem will then be seen in somewhat different terms.

We have see that an jntelligent system possesses a model of

isits environment a that this model used by the system as a fore-

casting model developed and improved by experience.-From this stand-

ObInt it may pe said that "learning means learning, to nlan ahead",

but although learning by experience is effective,it is also the

longest method.

In these cir mstan , the major objective of education may

be said to consist i educing learning time by teaching, instead

of knOwledge, the models which make such knowledge coherent and

therefore operational. From thit point of view the slogan "teaching

means teaching to plan ahead".means that each pupil is helped to

build, within his own brain pattern and by using his own model, a

coherent model of his immediate or remote environment ).o that he

can exercise his activity, whatever it is, with a chante of increas-

ing sUcceSs.

May I point out that the model in Question is not a mathematical

one. While the latter certainly has proved its,..worth, it is by

definition incapable of representing the whole complexity of the

environment.

The term model here folloWs the earlier stated definition, and .

as such can be used in all disciplines, including those scarcely

lending themselves to experimentation.

As previously defined the exact sciences provide models of the

physical environment (physics, chemistry, astronomy, etc.), the

human sciences models of the socialenvironment (economics,- socio-

logy, etc.),.while'the arts and literature supply modeld of the

human environment (aesthetics, imagination, emotions, psychological

reactions,-etc.).

COMPUTER SCIENCE AND EDUCATION

4
'

he purpose of the foregoing remarkshas bean to show that when

applied to pedagogics computer science is'an independent science

whose function is to.provide information for as well as to distinguish

between the semantics and syntax involved. A logical resulting

approach in computer science is therefore model-building.

An attempt was also made to show that this is e fundamental

human mental process and that it can'be improved by the right train-

ing

This led to the conclusion that the transmission of knowledge .

should be systematically designed so that pupils.can broaden, deepen

and improve their model-building aptitudes rather than more or less

completely reproduce some sub-set of knowledge which they have tried

to memorise as best they can.
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Teaching by models id usually plurAdisciplinary by definition,

since the mechanisms which control the environment cannot be forced
into a Mouldl,like Auguste Comte's classification of the sciences.

It iS admittedly difficult to introduce such a form of.educatfon,
not however bec se its principles are so very new. Many teaching

manuals show a t end in this directionc-The real trouble consists
in proceeding f the general discussion of some given problem to
the stage where the model.s. systematically used for teaching pur-
poses.

Teaching b models raise two further oblems which are,
incidentally 40 nected. The first Problem a ises in analysing the
actualiteaching rocess frpm an information-procegting standpoint.

A teacher who wishes to transmit an idea or.a concept can only use
the spoken or written word <let us disregard drawings, photographs

,

or films,.which would only comolicate the problem). The set of words
he utters he has selected because he feels they are most likely to
reflect his thinking precisely.'The pupil registers a pattern of
sounds which he analyses and tries to reconstruct the meaning of the
sentence with the help'of the usual linguistic conventions. Recon-
struction is the work of.the pupil and nobody else.

We do not propose to revert to Piaget's well-kno,:ihexperiments

which show that certain concepts cannot be communicated.until, the.

pupil has reached a certain mental age. But it is pretty clear that

the meaning as reconstructed by the pupil will invariably depart to

some extent from themeaning.the teacher wishes to communicate, and"
.

that the gap will obviously notbe the same for each pupil. The

situation can be summed up in the well7known saying about the-teacher

simultaneously giving as many les ns as he has pupils. This problem

of communication is particularly acute" when models are used, i.e.

with teaching relationships between things rather than the things
themselves.

.

4 .

The second problem, which is more or less connected with the

previous one, consists in testingthe model by Pomparingsit with
real life situations.

a

We have already seen in connection with the definition of thec-
nintelligent syStem" that the model constr4tted by the system can .

oniy be reinforced or porrected through,experimentation. Only by
..,

testing actual situations will the pupil be able to correct any
''. 'deviation between themodel the teacher has tried to communicate

. .

and that which the pUpi; has actually built himselfi ,

Testing is therefore an absolute requieite, but, quite apart

from the cost, how 'can the time and above all the facilities be

found for testing a model of urban growth ,or an ecological model?

ti
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Computer- assisted instruction
. .

Jlthough experimentation at the actual scale is al ays desirable

it is unfortunately almOst neliec possible. For teaching Purposes,

however, a Computer-simulated model can be an effective substitute.

In our view this is one of the major educational roles which the

computer will be expected to play.

Since teaching has been regar d as the transmi sion of knowledge

the natural reaction has been to.0 e the camputer'in the same, purpose

by having it take over some of the ork from the to cher.

In the extrene case there would be no reason w y the whole task

of teaching should not be transferred to the computer, which woUld

simultaneously play the part of a gigantic data bank, a source of

documentation and a reservoir of standard lessons in every conceivable

field. -

Such ideas have been put forward very seriously together with

considerations on the changing role of teachers, who would tDus be

relieved of routine duties as educational nsycholotists and could

_statistically analyse pupil achievements plotted in more or less

complex diagrams covering each subject.

O This is not to say that in certain eAses the omputer is incan-/

able of playing such a part. The odd, yet hardly unexpected outcome'

is that several educationists should have promptly Iregarded partial

tests as general proof and elevated this method cif using the compUter

into approved dogma. Such an attitude should not really cause surprise

since itis a logical development of the computeri's history. For it

must be admiUted that the use of computers was initially proposed by

computer specialists. Not being teachers they stopped at the most

superficial aspect of the teacher's task, i.e. the transmissi on of

knowledge, and eagerly staged experiments to prove their Point. The

teachers attracted by these experiments for their.part did not know

how computers worked or what they could do, and so continued to think

4)afong the lines suggested by the computer specialists.

It is only recently that a number of.teachers have gained n

fuller knowledge of computer capacity and computer methods, yid have

gly approached the basic issues afresh.

s a striking similarity between experience with.computers

educe on d in management. -)

In ma ent a start !was also made by using the computer for

minor tasks (pay-sheets, invoices, etc.) until managers came /to

/

realise what the instrument could do. Only then did the real/computer

revolution in industry begin: manual techniques were jettisoned and

the radical .overhaul of management methods hick we are now'exPerienc-

ing was undertaken.

The process is now a standard one, and it would indee1d seem that

the present growing yet of computer-ahsisted instruction conform
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to the pattern. Up to now computer-assis ed instruction has been in
the hands of computer experts and subje therefore to every sort Of
trial and error from a teaching standpoint.

Only recently have teachers begun to tackle tile problem and,
despite blunders due to unfamiliarity with computer science, it
would seem that a good start has now been made. Any problems arising
from the use of computers in education have much more Aedo with
teaching than with the computer add can only bemroperly tackle b by

.teachers themselves.

COMPUTERS IN EDUCATION

It emerges from the foregoing,that the computer is simply AL--1

tool and that what really counts is the methodology of its use.
In many places it iS'considered that the problem of teaching

computer-science is met when a numbpr of lessonsohirie been given
on computer structure, -technology and language.-But it Would seem
that the real problem has been bypassed.

From a technical and technological standpoint, in secondary
education the computer is neither more nor less important than such
other products of our era as the turbo- reactor, the internal ,combus-
tion engine, the telephone or television. While alfeW lessons devoted
to the computer are always worthwhile, this is far renoved from
teaching computer science. .

From the standpoint of programming languages, it is intreah7
ingly obvious that these arepart and parcel of the computer tool
and come under the heading of techninue. It is, of course, essential'
that nunils should learn a programming lanpuage if they haVe access
to a computer, but It would be dangerous to consider that they have
been taught computer science simply because they have learnt the
language.

The fact is that learniN a computer language does not help
anyone to use a computer for solving a problem any more than learning'
to drive maces it easier to pick out the best route on a map. An even
more serious problem is that a programmer who knows only one language
may eventually be able to deal with a number of problems on a computer,'
but does not know what he is really doing. The best proof of this is
the programmer's endless difficulty in trying to learn another t e

of language (e.g. COBOL for a FORTRAN computer).

This is because a programmer sees his computer language
set of more or le arbitrary constraints through which he eventually
discovers method for expressing the problem he wishes to solve. If
he alters the nature of the oblects to be handled (replacing numbers
by files) the programmer must again resort to trial and error before
working out a methodology for processitm the new data.
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If instead a compUter is regarded as a device for manipulat

symbols according to purely syntactic rules and programming 10 cages

merely as a set of methods for elucidating these rules, cleaaiiithe

fundamental problem in computer science isyleither the compyt 0. not

the machine Language, but the formulation of an actual sit '0 .on in

purely syntactic terms, 1.e. the construction of a model,

It is on:this account that model-building must be re rded as

the basic approach in computer science.

CONCLUSION

We have attempted to show that While the processing of informa-

tion is a science, it is not one which can be apprehended by merely

studying the basic tob/s, i.e. the comput)s.Lend programming languages,

any more than astronomy can be reduced to the detailed study/and

operation of telescopes. /

This does not mean that a computer utilisation course /should 1:40

rejected out of hazI, but means that it would be a serious, mistake

to imagine that computer science can be taught by this alOne. The

latter would merely be a technical course designed to exPlain the use

of a piece of equipment. The ouestion in how much importance should

be assigned to such technical aspects in secondary schobl, which is.

concerned with general education.
. r

We 'have emphasized the fundamental.approach in computer science,

i.e. model-building, which may be briefly summarised 'no the study of

methods to solve real problems with the -help oe purely syntactic

thatipulations.

, At the present stage of Our knowledge computer/ science ac such

can therefore hardly be considered as a disciAiRecapablelofbeing

taught like mathematics or geography, simply becnike we do not yet:-i

know whether there is a general methodology of model-building.

We do, however, have some knOwledge of mode/-building -in indi-

vidual disciplines. Itwould therefore seem reasonable at the present

juncture to confine ourselves to teaching the various model-building

processes in the different disciplines,when transmitting the knowledge

relevant to and within'some individual discipline.

This would by no means involve a revolution in teaching 4thods

but simply call for a different approach, each fact and each newt,

concept acquiring a new dimension through the model which integrates,

clarifies and explains the fact or concept.

This approach to computer science in education closely mptches

that adopted in the experiment conducted &Wing the past three years

in French secondary schools under the aegis of the Ministry of

Education's Information Processing Commission, directed by Mr.Mercouroff.

95
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In the first phase of this experiment teachers from all disciplines

were given a course in,computer science and, were asked to rethink

their teaching in the light of what they had learnt in the course.
The experience of a number of working paities revealed the difficul-
ties of teachers whq'thus had to revise their whole teaching approach,
but &leo showed that a number of positive results could be achieved.

Tfie second stage was to install.'tfine-sharing systems in a cer-
tain number of schools so that previous findings could be applied.

We feel that although the cost of training teachers far exceeds
the,aost of the computers installed, this is the only way to ensure .

that the Introduction of computer science in eduCation will not
pecome a mere gimmick or produce what the British and AMericans are
already 'calling "FORTRAN-idiots".
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VIII
THE COSTS AND TECHNOLOGICAL FACILITIES ,

WHICH TRAINING INVOLVES

by .

Jacques Suchard

Charge d'enseignement

Institut de Programmation

Paris (France)

I should like to begin by

aented the subject at the risk

interpiatation.

The first remark concerns

a few remarks on the way I have pre-

of being taxed with dishonesty in my

the sequence in which I have intro-
.

duced the two operative terms. 1have placed "posts" ahead of

"facilities". This I feel to be important in the sense that it is

consistent with the usual wen whic unfOrtunately computer systems

are chogen. In.the absence of any inf ation as to the actual tasks

the computer will be required to perfo M, coats are often estimated'

in terms of available funds or, failin that, of the budget which it

is felt can "reasonably" be exacted fr a board of directors. An

effort is then made tcyletermine the m st sensible configuration

compatible with such a parameter and i it turns out to be suitable

so much the better. This is a typical xample of the procrustean

attitude so commonly found among nil t pes of managers, for the

exercis

inflated

ment of

of compu

ally cla

had very

allocati

d'electr

seconder

allotted

only wit

of such brute force may vell result in a ridiculously

budget.,,A striking example of this attitude is the develop-

he "IUT d'informetiqUe", which are "university institutes

i:j

er technology" much like the Polytechnic Institutes. Origin-

aified as properly belonging to the tertiary sector, they

great difficulty in getting off thy ground since their

ns were tiny compared with those distributed to the "IUT

pique" or "IUT de micanique", whiCh were ranked'in the

sector (industry). Since being reclassified they have been

an amount of funds for equipment which is inconsistent not

the limited Proportion of'coMiuter instruction in their

curriculum but also with the appropriations granted to the universi-

ties, which offer a much longer and a much more detailed course

designed: for a much greater number ,of students.
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How should the word "cont" be interpreted here?' I preferto
consider that in term concern anything but the financial aspect.
Otherwise we sho d up against the almost insoluble
problem of "production coats ". is always a difficult problem%
but here it becomes One of daunting, dimensions when it in realised
that a leading world manufacturer failed to refute an allegation
qfficially made by an association of independent competitors, which
was that the average producti?n cost of the type of peripheral
equipment generously leased out by the said manufacturer can be
recouped in one monthl In ft possible to quantify the development
cost of a conversational system net up bya university for itc
teaching requirements and posoibly used by other similar ,Inntitu-
tions? Now is the cost of "manufacturing" teachers to be evaluat401r-
Should it be ,considered negligible in all cases, or only when such
an activity in occasional, the principal function being of an admin-
istrative or industrial type?

In view of the foregoing considerations, I feel it is more
sensible to define budgets in terms of whatever facilities are
required, without trying to exprenn'them in standard terms, i e.
'money, energy, etc. We shall therefore connider a "time budget"
representing the period of training pernonnel, a "pernonnel budget"
defined in terms of teacheriatudent ration, an "equipment budget"

9covering all type() of'nyntemn required and diatinguinhing between
hardware and software anpectn, and, finally a "relation() budget" to
deal With actual problems of the Operatinnal or research typo. An
attempt might be made to combine thin lent item with the first or
(second one, but this is believed unwise an the people concerned
belong to quite a different category-from that of the usual ouper-
vinory staff. Thin distinction may appear rather too specifically
academic for a typo of training provided in an industrial netting
where supervisory staff are mainly drawn from "active" instead of
specialised pernonn;1. It will arise again in connection with
research an noon an any kind of in-depth training in considered.

My third remark concerns technolnrical facilities. These must
be very varied. In presenting his paper Prof. Seegmaller emphasized
that student() might not have enough contact with computers during a
university courne. Thin in perfectly true and by no moans limited to -

ntudentn and universities, when I think of the many programmers I
'have mot with three to aix years "experience" who had never had any
contact with a machine except through the straight and narrow gate
of a deapetching centre or the protective "screen" of compilers,
systems, and maker'() manual. No doubt the greatest mictako in thin
field in to imagine that the problem can be solved by a "delis ox
machina",i.e.. the "big" time- ()haring 4ntem.jThin can only result,
in netting up an oven bigger smoke ncrern between the sublect.and
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the machine. It should also be noted that the behaviour of students

or programmers who have too much contact with an over - generous time-

sharingayntem is strangely affected. They very noon Rat into tfie

habit of relying entirely on this kindof guardian angel and cease

to make any effort to think and even to analyse. This has led to the

proliferation A altogether spineless, larva] chaneleas systems

iwhich may legitimately be described as " omep er cancers". Prof.

1
Seegmdller has quite right'y pointed out IlVtngrallimes of this

kind, cannot possibly provide suitable, i(.0, usAble, products.

Does this mean that conversational a AlriOlould be prohibited?

Certainly not. But they must be uned,,spar nth homeopathic doses,

as it were. They are ,perfectly suitable in tHe\earlier stagen, for
6

intd° roducinfr new idea and ctructuren. Butithe* use in by no means

limited to the initial Phase, since new ideas;'/can be Uiccovered at

all leveln,of,training. On the other hand they need to be used in a

more normal environment and thia. mUat be done an coon an possible.

A good conversational system is thus a remarkable experimental tool

and should ba left an often as possible at the student's disposal.

,There can conseauently be no qtiestion of a big, universal computer

except in really special conec;where coat in no object. A rather

dUrioun.controversy is devolving with 'regard to the value of the

/BM time - sharing operationct *nbriments carried out by several of
tA

my research workern have yiladed absolutely contradictory results,

ranging from several cecoada to ceveraf dozen minutes for the execu-

tion of original instructionn. An thin,diccapancy won permanent and

consistent for the same people, 0 short investigation chowed that

the dissatisfied narties were those ucing TSO "normally", i.e. no a

time-sharing operation like any other warranting, average nriority.

Their onnonento who loudly championed the cyntem all turned out to

be member° or affiliate° of a centre which exclucively uses a big

370 machine for a permanent TS0 service. They undoubtedly have a

powerful tool for cyntemc research but thin kind of solution ic

about op economic an the famous MIT "Multicc" which in June 14171,

despite efforts spread over 10 yearn, continued to have the name

point of saturation as a MAC, i.e. some 9 to 16 real users. Hence

. _these are primarily research toolb, though at a pinch they may be

used operationally by customers whose time in roughly worth that of

ouch syntems (F. 5,000 to 20,000 per hour). An for as teaching Ic

concerned they are too expencivel unnecessarily powerful and compli-

cated, i.e. too cophicticated.

We must not forget.to define the abjectly of this evaluation,

i.e. training, whether an a programmer in the apace of two short '

weekc, after a NW months, correspondence course, or ac a syctems

/engineer. All that can be acid about the firot cape Ira that extra-,

ordinary facilitiaa would be needed for real effecti4enecc. An a
4

I
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reference Weill adopt, the profile defined by Prof. Seegmtlller
the paper he read in October 1972. As he *himself said, the pto

was an,ideal,which any serious computer training should try t wot

towards., While practical training may achieve no more than 51.1' par of
this 4deal, it should respect essential criteria and hlti
objective!). -1

The'firat essential elementlin training of this k the
time fria*. Whatelltrth'e level aimed at and the skip's the per-
sons concerned, thelrequisite techniques =and all their i 1np1ications

/ can nevirlir,learnecrratidly. Even an iltehkve S siqz of one or
two weeks can be,:no:Aorethan introductory or metely offer a te-
fresh r course in;a:4iMited -field. The rudiments offa language can
be Iearnt in several days, like the rules of some/perhaps amusing,'
buy' still rather arbitrary game. The Algorithmid or syntactic bases
'required .for real understanding, autwhich aredisregarded in a
courae'ef-thia kind, call-for a different, order of mental activity
and much more time for reflecilon. Although the bases do not have to ,

'be retaught fat each language, they must'be-learned sooner or later
;and probably thetooner the hatter.

Progreiming it also a nectar in which haste can be dangerous.
It may' of course, be argued. that programming is' not 0 part of training
and that. it can be ecciutred "by practice. And yet. nobody would dream.
Of assigning a real and thettfore.complex problem to a. prografither who'.
had learned no mere then some theorv.together with a few simplified

e
and rather abstract exercises. If it is to develop properly, program-
ming skill requires as etch work, care and steady guidance ac musical
skill, with Which Ypaf. Seegmftllerso'rightly compares it. Bad habits
are as' easy to acquire as they are difficult to lose. -

In considering such other basic componenth an computer structure,'
computer systeMs,4fields of applidhtion and the technical and social
implications Of computer science, the same conclusions would be
reached. The training of,a good computer specialist is a metterof

7

years, not months, Does this mean that computer personnel cannot
effectively work before the ale of 22 or 23? By no means, since
conventional.trainipg of university or aimilar"tyte is not the only
possible solutp.n:rDepending..on-the,,circumntences, a "time budget"
of three or.four yearn may be used in many dyferent ways. Annual or
eemi-annual periods may thus be alternated fbtween training and prac-.

ctioel applicatiop*. Training and emplaym nt can also be an:gas:led 4,
more Olosel3Lon a temporary or permanen half-time banin. This scheme c

has 'be'en tried by a-large number of stp ents of4the "Inttitut de
Programmation" and the results have generally been very satisfactory:
both type!: ofactiVty.' favourably interact, with little or no increase
in the durefion'of studlea together with proctliael programming

'experience in one or more types of application.



.0&*

. t

Whi;a,for training at intermediate 3sevel the time allotted,,'-

)'
might'be shorter, the.equivalent of at feast-one year is likely to

be required.

To this "time budget" must be directly associated a "personnel

blIdget" representinii necessary teachlp*staff. The teacher/trainee

ratio is na.essentially different from the usual figure intother

disciplines, i',e. practical cleans and'tutoriala of 15 to 20 and
,

lecture groups of 100 to 150. Classes could of course be conducted
,

for'500 or 400 trainees in an'amphitheatre, but two-way communica-

tien.would be largely impossible. This is also true for practical

classes and tutorials, where the figures mentioned must not be i

eXcee ed. Otherwise the teacher will ond up, by doing all the exer-

ciao on the blackboard instead of actually cheaking the indivigual

wor of his Students, with partidularly disastrous results for pro-

gr ing. The,aame problem arises in regard to projects, which

' be onle the main-activity of 'students from the third or fourth month

ards. At that stage the teacher's threefold task is toadviosa,

nitor'and correct the student, so that he can become proficient

e art of prOgAmmintra well-as in analysiq'techni pas. This

courses of'15/to 20 hours per we k. The ratio must,Of cqurse be

rat,requires a teacher/trainee rat of 115 or 6 in univerity -typety-type

higher in intensive courses of theatype provided in French engineer-
°

ing schools. An attemptiTay. be made to reduce the size of this bud-
.

get by using compu. 2gstated tion techniques, which are

now,beingtWe y1 tested IA un varsities d industry. As these ex-

eriments dhOW, the systems ake sq long a are so difficult to

01?evelop that the most likely way of achievi economiea is to insti-

tute continuing types of training over a cons derable period of time

and over a considerable geographical drea. An easier balance may be

struck in the next few yearn as the cost of processing equipment

decreases and conversational 'systems suited to these techniques are

improved.

This is of 'course not the only way in whi,ch computers can be

used to train computer personnel. They are an essential tool, for

practical work in conversational or batch-processing modes. In both

cases they are of considerable help to the teacher in that they

directly monitor gross syntactic or semantic errors. They cannot

however replace the teacher since such errors are but a/Minor asp ct

of the pr:ogratimer's art. While aeimple slgorithill cantle repress ed

by dozens of FORTRAN prdgrammes, all perfectly correct syntactic lly

and semantically, they generally include no more than pne or tw

"good programmes" which can be performed two to ten times fast r 4

than the others. For a complicated algorithm there may be ten of

thousands of different programmes and the time ratios betwee them

ay exceed 100. Determination of the optimal programme is a ore

r

1.01.
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difficult ppbsess

object computer.

from the ntandpoi

in the most elega

difficult in the

owing to their v

What can we

cessing, which i

machine, is need

numbery)f jobs

trainee, dope

quite negligi

system. On t

Michelson a

are simula

research/ Ogrammes. On t

alwaysiXery nubStantill

equpii tfor this p r
ni er ly.reduded by me

.0

nd denendb on'ileitucture-of thiS compiler and /
t shovld41no be notad'.'that;'th&nptdmal programme/.
t of execution time is almont4levethe one written'
t and concise terms. The situation.in,even more v

-...

ass of programmes written'in,issembly'lenguakew

lume and thb wide latitude given t

say about the Choice ofnomPutern

the main activity of reinees, e medluMtgiZb
d at the outset. Ito . ize.As det rmined:*;Ite d-aiIy.7-

it he to perfarmg-w4ch'may be 4 t 4t°0.5 to 2 per
in, Øn tho,tibe of yak;.. Expeut#nitime is:generally

3p< =pared with:the ti e requy(d te restertthe

reed by Prof>aaftly

exceptions °

'analysis and operational

tVvolume of print-outn is

the avnembleS4.

in rifch pro-

p point a very,b0moroun

the /PIP Congr$ i1 Edin

ion programmes,/ eptain num

the! hap ',

juptifies a 'certain amount ofover-

e..Tlie volume 9'f punched cardpcan be
nj programme storage. and editinr. This

dper'w s

4o leads to a certain economy in-yrint-outs, but the necessary

t
storage equipm t must be garefully evaluated. In any event, the '
essential fac or is an e4ellen operatinr system and gi.)od cempilers.

4.

fk,

The quality af compiler and assf,mbly diagnosticp may be a Ocinive
factor of (= nth operation by c nniderably reducing the number of
runs needed to tont a programme vc well as nhorteninR the work of
the personnel.

The computer used for bati4-procenning need not beof any
specific typo, and a few hourd nn a bip machine are quite feenibleA.

, A few runs a day will suffice to facilitate the work of the studentn,
but any excess should be avoideenince students may be- dinceuraged -k
by too hot a pace from enalyning the diranntits arefully enough

.,.

to benefit from the ne xt run, and this tends to i creane the number
of toots unnecenearily. When the number 'of students ia small it in
quite possible to=une a heavy remote terininal connected to a big
computer and eyen menage it on an hp0A-061, basis.

. We have already said thatthe Convernetixnal mode Should only
be used 'during 'threclp or tour weeks for introdliting each of the main
programming chapters, i.e. thachine sada, assembler, various 'hammerer),
systems, and for research. The only exception is of.4ceurne when

, a

.., Rerdons are beini; trained to work nystemati6ally in this mode, but
these can only be ueern. It wan Cato pointed out that bignenver64-
tional nyntemr, should not be use,. A' ou'ention in whether the medium-

' sized computer used or batch:p conninn can else be operated in the
conversational mode. /hid is not particularly if train-
ing ia the sole object. Xn that cane work can 1r performed on ao'..

t r
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scheduled basis, and the modes are used a ernatively. Otherwise,

and particularly if in batch - processing. the ti e f some big methine

is shared, it is preferable to have a low- powered, &pendent con-:

versational system. Built up around a single-disc minic uter,

these systems generally have 8 tel 16 terminals which canal

-used et once, together with one or -bro conversational languages.

Theyycost between F. 500,000 and F. 1-million. Simpler systems,.

limited to 8 terminals and often working with a singlelansuage are

even tcheaper (F,a0400qto 300,000). Integrated microprocessors .

Me0oOn enable even cheaper specialised systems yip be developed.

,One ittraetive ablution is' etc use a minicompu4r as!tl)high-speed

satellitebf a big remote system by connecting ;terminals to the

minicoMputerap that the remote system can be,interrogatedon a

timesharing basis. This provildes a thiraHmode irP:Which the mini-
G

computer operates aa,,a concentrator of messages between the_termln-

els and the central RSE'-(remote job entry) system.
--,

These two chapters do not cover_the-Wholerequipment budget".

;Audio- visual tedhniques might be,bef oensiOerable assistance in com-

titer train-ix-1E4f usable docuMents Were not sorare. The main factor

-in this sector is Oe specialised equipment for practical work

designed to facilitate the,teaching of computer structure. This

training is important for all computer personnel and' essential for

those specialising in systems design. Equipment in this instance

largely consists of models for simulating the operation of various

darts of the computer, from 1ogiC elements to whole units. The basic

equipment makes it possible tb view the main methods of storageand,---,
N.

information transfer and to synthetise the operators concerned,

flip-flops, registers, different 'types of link, buses, memories,and

arithmetical operators The SysteM used at tlieqnstitut de program-
,

matiorfis based on a cold aathode thyratronacting as a logical

element and'also as a viewing element-. Other systems enable the

detailed static and dynamic operation of logical elements and the

exchange mechanisms between-the precesSor and the peripheral units

`tb:beatudiedk'experimentally Eadh of these systeJ costs from

F. 20,000 to F. 30,000- for apractical workshop de igned to accom-

modate 15 to 20- stUdents at a time.

The "relations budget" is much more difficult to calculate and

even to specify as it largely depends on the environment and on the

computer activities of a practical or research kind which are per-

rmed. Itftlays an important part in connection with the systems

pro and specialisation.

In con ing this evaluation, every ten students may roughly

be said to require teachers and computer specialists, a computer

Worth F. 40,000 to F. -66-, or an equiValent sum for hiring a.

computer (up to F. 1,000 per mo and special equipment for



\
I

practical work costing from F. 1,000 to F. 2,000. Thr evaluatton,
is valid only forfairly big student intakes (100 students at least).
The figure Ndll be higher in the case of smaller intakes. In any
event,a comparison between these figures based for ecample on the
paytent of an average remuneration of F. 3,000 :per Month to teachers

shows that the "personnel budget" is by far the predominant factOr.
While the "time budget" is particularly difficult't6 evaluate, it
appears to be greater still.
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NTP.ODUCTION

Is there a career in EDP? An attempt has been made to answer

this question on different occasions, but EDP still seems too young

to be able to offer A totally structured career. Furthermore, in

many enterprises the EDP department can offer a means of promotion

within the firm or be a stepping stone to management.

Many enterprises are struggling with the manpower problem asso-

ciated with the arrival of the computer. Even those well established

in the field have to undergo changes in job structure and desCription

owing to the'new hardware and software. And -pit should be remembered

that the EDP jobs in a small data processing centre are unlike those

in a medium-sized,not to mention a large, unit.

HOW PEOPLE CAME TO WORK IN EDP

Although this question might seem irrelevant, I believe that

. even a brief look at it will help to explain how existing situations

have arisen.

The background is that staff were recruited to EDP from within

the enterprise. They were trained, at least in the beginning, by the

firm se ing the computer or actually in the computer firm itself.

Because he computer was unfamiliar at the time, and such an expensive

machine h d to give a maximum rate of return, high salaries were

offered. his implied from the very beginning that EDP jobs offered

a means promotion for staff from other parts of the enterprise.
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Since programming (here I take the word programming in its

widest sense) and operating needs were growing faster than the

number.pf people who\rould be recruited and trained within the

enterprise; hiring already trained -ni-ogrammeri and operatOrs became

the habit in recruiting EDP staff, leading to a real spiral 'in

salary levels, without improVing or having any effect on the quality

of-the work being done.

the recruitment, of trainees from EDP schools has onlycecently

started and the resuAs eie yet to be seen, but until the turnover

is higher in the EDP departments, staff do not come from other parts

of the enterprise. The problem is simple, that there is lessmoye-

ment among the staff when there are career possibilities.

But before going further we mu0t distinguish between Ep

managerial and EDP non - managerial jobs, the latter bein in inly

technical and the Tormer supervisory. The requirements and'Araining

qualifications for0EDP technical jobs are usually clearly defined

in most of the available standards, or company job descriptions,

but this is not the case for supervisory and managerial posts. Here

too often the computer myth has not yet disappeared and more atten-,
'Ition is paid to 'technical skills than to managerial talents and

knowledge. Training an EDP technician for a management position with- t.

in the EDP department is too often neglected. It should also be

borne in mind that a good, or even excellent systems man is not-

necessarily a successful project leader, or an experienCea>senior

programmer might not be most suited to be a programming supervisor

who could later be trained for EDP. management.

EDP AS A CAREER WITHIN THE ENTERPRISE

If EDP is merely regarded att,anew department in the enterprise

to which employees may be sent on promotion, thence moving to,other

parts of the enterprise, then the EDP career pattern can be very

interesting. I will try to explain why this is so.

If recruits for EDP come from the rank and file in the enter-

prise they are presumably going to be properly trained: but this

is not our point. They may enter and leave EDP at different levels,

Where are the EDP entry points? There are clearly four main

points: a) operations (machinery operator and data control clerk);

b) programming (entry point at lowest level): c) systems analysis

(entry point at lowest level) and d) EDP management. Let us take a

look at each entry point.

a) Operations

At this entry point in EDP there are two types of activity:

- 114 -
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i) Machine operations and

ii) Data cdtrol. /

A clerk in the firi cakeasily be trained to bcome a computer oper-

ator and a typist to operate a data-input delCp.

An EDP career canbe launched .offom thes7 poinis more or less on

the following 'lines:

Comnuter operations . Input device operations

Operator shift,
leader

Console
operator

Computer
operator

Recruit

Sift

Dev4ce
operator

Recruit,//77

As in machine operations, a clerk or typist can enter EDP at

date control level. Training offers no difficulty, although there is

'advantage in recruiting staff from the departments whose owndata

are to be handled. The career in this case is marked by no special

pattern:

Clerk
typist

Dale
control
clerk

Croup
leader

This leads to the obvious question as to why computer row',

data collection and data control management and supervisory job\s

should have been omitted fr^m the career pattern. The reason; I

believe, is that managerial skills can be at least as important as

technical skills for these junior management nosts, since managerial].

skills require special training and so enable the em ees concerned

to pursue their career within the enterprise: but ou si e EDP. Here

we find an exit point from EDP. At the same time, junior mana0e-

an occupy these positions successfully without much EDP experience

c54- training.

0' Programming

Here we have a similar situation to the one explained above.

Employees coming from clerical and technical ,jobs (and, of course,

coTPuter operators) can be trained in prograffinding and so enter EDP.

The career pattern may be as follows:

/
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TraineeRecruit --_
programmer

eni r ..Systems
''Programmer rogr miner progranumr.

Again, managerial Positions in prograMMirig are cons dered to'
require special training in management skills 'end this'c n open up:,
career paths, outside EDP or in EDP management.lt

$

c) Systems analysts

This is aii`l.nteresting entry -point into EDP for staff who have
reached a pertain level/in the enterprise. In 17..09piniOff;"these

experienced employees can, with proper training, become the most

able systems analysts. They usually have sufficient knowledge arld
experience' of the enterprise :tp...aYlable them to take the ri decis-
ions in applying EDP dolutf5ria to the firm's problems he career
path for them could' be

Systems Systems
analyst analyst
trainee

Senior,
tesysms

analyst

-Again, jobs that require managerial skills such Ss projeCt

manager,fteam leader, etc., call for proper managemerrLtraining and

this will of.pOurse oven up new career paths in the enterprise.

EDP management

The manageMent of EDP functions is of the utmost importance,

and there is growiniNgreement that it should be.in the hands of
.managers rather than technicians.

Accordingly, I believe that the different EDP functions which
0

we have mentionedv00 far can be managed either by EDP professionals

--tratne-in-Ammagemplat testn/ques or-by-managerial staff of various
grades trained in the basics of EDP. I prefer the la . Hence these
could enter EDP as computer operations manager, data colle on man_ r,
programming manager, systems analysis manager., project leader,

g e

manager. And their managerial position.in EDP pan be regarded as any
.similar position within the enterprise. They can leave EDP in the:.

same way as they came; though of course a possible career patnAn

EDP management could be as follows:
I."

Computer operations Programming
Manager manager

Data collect
manage

Data cont
manager

Data' collection
supervisork

Data control
supervisor

Systems EDP'
analysis manager
manager

Programming Project
supervisor leader

. .
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.All these positions would of course require EDP technical

training.at different levels, but the main item to be considered

is.managemfnt expertise.

EDP- AS A CAREER/IN ITSELF.

we consider EDP as 476ireer.in itselfli disregarding its

environment, the career paths can be differentfr-sin those described

above. Assuming th'at the lowestentry point in pDP is data control,

a clerk in data control could become a data collection operator and

from there move up to computer operations. L.

A shift leader computer operator would b me a programmer; and
t

once he was a senior programmer could move into software.

'Entry could, off' course, be at any of the career.levelsxbUt

within the career itself training at each step is required.

Furthermore, a question always raised is the fact of making a

lifelong career atone level and becoming a regl expert. It is

difficult to generalise on this point since the situation and termin

ology differ from courttry to country. For thist"reason I shall At
try to go into the various jobs or posts within one given EDP func

tion. Neither shall a take into account any such auxiliary task as

that of librarian, planning clerk and dispatcher.

It can be said from experience that machine operators (computer

operators) do not think of the job as a closed career, but (through

training, of course) either become nrogrammers or leave the EDP

department. The situation is different with data collection operators

who are usually women and who quite often only leave for marriage

reasons or because they succeed in becoming shift leaders or super

visors.

Programming is another matter. If we consider programming as

not just coding but developing programmes, we mi ht think that it

'could well become a lifelong career. Beginning a programmer trainee

level, a programmer/through4further training and experience can

acquire the sort of unique expertise lgading to consultancy posts in

the programming field. And if he goes into syst ms programming, then

he finds boundless career opportunities. It should not be forgotten

that many programmers by vocation like programm ng for itself, no if

the salary and working conditions dre suitable it can become a life

long career.

As regards career opportunitiesin syste s analysis, it is not

easy to fix a pattern of behaviour owing to t e very nature of this

function. Thgre are many cases, mainly of staff who have reached

this level in their EDP careers via programming, where it might be

the culminating point of their career. But if they enter EDP at this

same level via other areas of the enterprise, they will probably

return to the general pattern in their firm. 109
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Finally we co to Vie EDP manager. As we have said before, he
had better be a m na3er rather than an EDP professional. While this
may sound hereti al to same colleagues, experience shows that unless
the EDP manager is trained in managerial skills, no matter how great
his EDP experi nce and knowledge he will fail in his job.

CAREER OPPORTPOITIES

When disoussilg career paths we must also bring up the problem
of career opportunities. Here the size of the enterprise.and the
subsequent size of

We can for our

acdording to size.

activities is in pr

The large ente

EDP applications in

tboth on the technic

fesSional can then

of the jobs are hig

The medium-siz

mainly because of t

tions may be combin

aspect the possibil

can be considered t

from the standpoint

When we come t

situation where the

are few EDP posts o

are not particularl

to EDP department are essential factors;

purpose divide enterprises into three groups

s a rule, we consAder that the size of EDP

portion to'that of the enterprise.

rise which is able to make Use of sophisti aied

many C8508 offers a complete range of EDP c reers,.
1 as well as the management side. The EDP pr
len the different steps inhis carper since abme
ly technical.

d enterprise offers a limited career opportunity,

e number tiT EDP posts offered. Quite a few fun - '

d in one poet. From the purely profeesiohal

ties of applying technical or managerial skills

be similar to those of a large firm, but not
of promotion.

the small organisation we find ourselves in a

career path is reduced to a minimum, not only

fered but usually the professional skills required

advanced.

coNctuppN

From the abov account it can be seen that there re two main
'Ines of career pa h in EDP, one technical and the oth r managerial,
with a branch lir towards systems analysis.

, The career p the can be shorter or longer, depending on the,

size of the EDP department in the enterprise.

Lastly, I wi h to make it clear that the job desdription

terminology exis ing at the present time can be rathe confusing
since similar designations have different contents, a d vice versa.
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to save on:programming by setting up standard components;

to encourage ttm proper use of skills.

Since the difference between the user's and the computer

scitntiat's.standPoint involves a modular approach, the modUleS .

defined during the desigri and analysis stage and those which are

oreated,dufing the programming stage must.be interrelated. This

intermodular connection actually amounts to one between two nomen,:.

c2atures:

- the first associated with a structure, oonsidered from the'

aspect of an information processing system;

the other associated with the engineer4ng zbMponents of a,

Computer system.(1)
6

Systems Designer,

He is reapOnaiblifor thinking out an application as part, of

*S-iytem in terms of eta processing possibilities and constraints

and the effAtivenea expected from the solution. This will mainly '

consist in changin operational procedures and management methods.'

generally by:defin ng computer-based solutions, adjustini organise-

tional structures, specifying training$rogrammes and analysing

'4these various e menis from an economic standpoint.

The,appli tiona will be envisaged in the context of a manage-

ment datepro saing system, i.e. a computer:ayatim regarded as

logistic sup rt fon integrated management.

System analysis will be the methodological' basis for the
n.

ayiteiiia de ignerls.Oproacn:

The deal profilesfOr the systems designer wouldobe that of.

-an engin ering or university graduate with a genuine practical know-

ledge o data processing, management aystema and organisational ,

probl- a in adaition"to his thorough experience in this appli Lions

to b° bandTgd! J'
Hit compuieritratOng should at least in lude tp, following:

tr sting in thesiogic of" EDP unite, some knot/ ledge/oreinrogramming/

nguage, ApproUgh acquaintance with'the organia op61 structure

f files (basiC end complex structurea), and a adVfanqed course in

the theory and practice of analytical metho

Systems AnaiYat

The s stews analyst is regarded as assisting the systems

designer. His particular task to prepare certain apecifivations,

desceibe in detail.the func pha to be computed, logical records,

print-ou es, etc.

1) See Annex.
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. Training for this work ie giyen by univer 1 ea endengineer
ing schooli which.providt a omputer course lementing the .bas
'epplicAtions oriental train ng lengtneers, e atiMiata; specialia
in Applied tathematio, ph eicista, etc.). is grounding in computer
subjects would be similar/to that of th designer.

Computer' Designer

,::HAa_role in the field of c puter techniques %is aimilar to
i
that

.

.

of the Systeme design r, with 1)(m he is in conatent communication.
His particular task Is to Oise the choice 66v.

.- computer ayate; ....

.,. operational ay eal,r
t,.

- aoftwarfo(pro'g 410ing,:languages, compilers input methods,
file organisatir n, etc. }.

" ,, -

Hemuet define new>baa ceoftware items (langUagee, analytical tools,
functionaychanges in he operation's/ system etc.,) and must apedify

.

therecinisitep/fot introducing some new application or tet of appli,7
catione, (

.

, ,

Thip/function:requirea a thoraugh training in computer acience,
one which is adequktely.applicetiona oriented. Specialised computer
science courses in Universities(auch as engineering or master's ',,',

degrees in Cogiputer 'Science) aim at ptovIdihg this type of training,
Emphasis 4i4 be laid on the need .to combine a t;asic degree (theory
of languageef and systems) such ae.to promote theatudent'eedjuatment
to a Constantly changing ;field wpth enough practical knowledge.so
that he can construct the bagienf'reference'neided for attectiyely

'learning the abstract side t'
. .

,

The general function of computer designers or computer scientists
include* more highly apecia/Med taaka, conferiing the role o.f an
assistant similar to thatiof)thenystems analyit in relation to the
systems designer. Among thesefunctions may be mentioned that of the
systems engineer, en expert detling-with operational.systemi whoa e
job is-to make tie best use 'of an EDP system to advise the designera,
analysts and,programmeri.

Systems Programmer

The systems. programmer, sometimes also described as a systems
,.

analyst, aing a solution which hae been planned in every. detail
both from the applications., aspects and that of the.data prodessing
method adopted, prepares the file to be usediby the programmers.
He breaks down the progratigne,into routines, prepares the flowcharts,
test data, etc,

The bpaic.train4ng of systems programmers is given in lower'':'

technical:education. ihegoodresulta Obtained in France and Belgium
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through the me #um of the University Institutes of Technology and

university courses intomputer Science are particularly worth men
, .00

tioning.

,Programmer

_ Since several programming languages haVe to be mastered, as
e

operatiOnal systems are becoming increasingly complex end equipment

and applications are continually developing, the job of programmer

requires intensive and thorougkZraining, It is similar to that for

systems programmers, promotion tO this fUnction depending on exper-

ienca.

RETRAINING: 'FOR WHOM?

- _

We will only consider the question of retraining persons who

have already received basic training. We will not deal with the

question of the rehabilitation of such "misfits" resulting from the

disorderly growth of _computer education as self-styled analysts with

no real training in computer science,incapableof planning new

approaches in computer terMe,.or programmers.' with no methodological

grounding and only acquainted with a single language, -machine and

problem.

CONTENT OF 'RETRAINING

An attempt can be made to define the cortent of retraining in

terms of the growing pains of EDP and the foreseeable medium-term

development of dat processing systems.

A major growin pain is the economic analysis of data process-

ing. Many businesses feel that the computer is not being used ta

full capacity. Among the' reasbns may be mentroned: .

- shortage of competent staff;

- the absence of any real analytical and_programming methods,
N...

s.3;h as to reduce the time required for writing, testing

- . and maintaining programmes as well a the cost of adapting

and developing applications and prog es;.

- the lack of Integration in systems design, whlch means-)haerTh)
applications are rigidly fixed or'llaist be designed all over

again;

'-- the difficulty of assessing the eff
-.

on the_egeociated organisational sys

. uter solution

- the cost 9f certaiii-besicsoftware such as OS and IMS; -

- the shortie of universal devicesfoim-sur-intLe systemta---___
,

configuration.il7 -performance and optimising a \
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These deficiencies chiefly reflect the relatively disordered growth
-.-:

of'ADP and. the lack of any mental approach - even among the special
ists 7:' consistent with the inherent possibilities of computersystems.'

We will describe various trends which can be foreseen over the
next few years, such that the conditions for carrying out the func-
tions mentioned above will be- changed,

F--- -is reas9pable to suppose that in applications design the
integrated approach to problems featuring the use of systems analysis
'techniques and methodt will e extended, that heuristic processes

will be substituted for algo ithmic processes, and that broad models
.; for checking and control will be established in preference to those

Which catnot be fully optimised.

The expansibn of integrated manageMent systems influenced by
the expected development of:

a nalYtical and programming methods marked by the increasingly
lar and

certain computer techniques:

..methOds and techniquet of data retrieval (optical

Ck4ncter recognition:pick-Up devices connected to
.

analogue..and digital converters, etc.);

- the organisation of data banks, in which security

search-language problems will be dealt.with.-

In the case of integrated data networks techniques for in
connecting computers may be mentioned. From a technical standpo nt,
the development of mcro-progrpmming methods (such as dynamic mi ro-

and

programming) may moreoVeFb-A,-inted-,

Lastly, as regards basic software, the following may e-m
tioned:

4 .

- programming language research, such as in regard tA-s-e-11---'"-7

expanding and self- checking programmesf7-------

techniques

perational systems, particularly_;

ctional model the _dual working

formanee indicgtell4T

soft /

- the development of compi

- e_greatep knowled

the formu

0

on of f

theory and

e deXinition

he definition of

f standards

iri g:trats4a...4411aing

adtve dp no ;4 sseat-fany-ade
, .

jeotttent1550:-.-an--,vi the unbalance
feel tharretra ng shoUld -not be. con-,

,geh&fal information .,,,,ss-- bdtfrWmehUfacturers and-
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e rsuggestv retraining in depth so organised by universities

and research centres as to teach the fundamental aspects.of computer

science and also promote
_
exchanges of experience.(1)

Suall a formula would have the advantage of;

- supplementing and balancing the basic obsolescence;

- prOviding participants with the required technical knowledge

.
tomake a retraining session worthwhile to their enterprise

at short-term;

- confronting universities and researchers with problems

encountered by practitioners.

This Wipe of confrontation should influence the orientation

ofresearch4Worki promote the association of practitioners with

research activities, and encourage really dynamic research. Retrain-

ing in depth should also facilitatechanges in fields of study and

limit ove specialisation, invOlving not only changes in technical

comppter unctions but also c anges over to the applications field

( systems designer and analyst functions)...

TRAINING OF USERS

For the field of computer applications to be expanded and-their

quality improved, neither groWing numbers of qualified experts nor

increasingly efficient technical resources are enough - the users

\must moreover be computer-Fancied. The particular characteristic of

this state of mind is the capacity to think out a problem in terms

of computer possibilities And to make a detailed logical analysis

of an application for processing by comPuter.
.

For users to acquire this capacity means that they must look

upon the computer as more than a, mere tool. Learning a well4truc-

tured algori is language or preparing and reading a flowchart will

not be en gh to cause any/Substantial change in their working methods.

Acquir g a computer-minded approach calls for at, awareness of the

new otential offered by EDP systems:

- integrated data processing;

- .man- machine communication;

- definition of heuristic retrieval procedures with machine

learning;

- creation of simulation. models;

f
" "

- increased control of the in ation flams.associated with

various feedback levels; /

- .establishment of.new etworks for transmitting information;

etc:

1) For example, the seminars and schools organised by the T12,..A.



I would-therefore be advisable to base introduntFy computer
programmes on heuristic rather than the algorithmic approach. We
feel that the use of computer-assiated learning methods and original
computer-teacher applications would be more effective than some of
the present solutions (general description of computers and element'
tary programming courses).

CONCLUSIONS

We have set out in this very short note.a few principles_ which
might 'be. used for initially defining a programme to retrain certain
computer specialists.

This introduction should be deVeloped:

- by studying concrete methods for implementing these principles;

- by extending the analysis to other functions.

We would point out that we have not explicitly tackled the .

auestion of continuing education but dealt with it throUgh the bias
Of retraining users.
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NOMENCLATURE USED IN A DATA PROCESSING SYSTEM(1)

NOMENCLATURE FOR PARTS GF THE ENTERPRISE CONSIDERED

AS A DATA PROCESSING SYSTEM

System

In drawing up a project, 'from a data processing standpoint the

scale of the organisation o be teen into account. Example:

enterprise, establA- ent, productionlivilion within an establish- ------

al departmentp.sectioti,cf a ministerial department,

-VAT s em, system for tax recovery.

r
r.

Application

An applicatiomis a set, of hem

in theNframeWvrk of a sub-system.

mainly achieve through continuity

0.

An orgadisation may be broken down into sub-systems - the first

level in the hierarchy of a system - according to different criteria:

geogrlaphical location,-

7 types of activity,'

- type of basic functions (e.g.

marketing, finances administr

etc.); or

- a combiriation of these

Main criterion used for

homogeneity ensuring clOse

ment procedures.

A sub-system may be broke down into applications.

a

departments concerned With

tion, production, personnel,

iteria.

fining a sub-system is the sort of

tegration between execution and manage-

genedius activities carried out

quality of homogeneity'is

f the activities in time.
-- /

"Cours d'analyse de s stemes infor(tatiquea",
to processing systems , Institut d'informAtique
iversitaires Nbtre-Dame. e la Paix, Namur. ,

-1

00*
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,,,An application may be brolien down into "phases".

Example:

Two applicationsmay be distinguished within a "personnel"
sub-system:

(7° - "wages and salaries",

- "personnel management".i

The first of theie would include the phases of:

- maintaining personnel ecords,

-.calculation of gross p
- calculation of net pay'

- quarterly statements,

- annual statements.

These different phases involve continuity in time at the logic

(sequence of phases) execution'and planning levels.

In the second case, the phasee might

- day-to-day personnel matters,

- analysiA of.allowances,

budget Forecasting,

- recruitment,

---,preparation of training programmes.'

"Continuity results mainly from the overlapping of the differents._

phases. ------

.Phase

A phase is a component of an application characterised' by

unity of execution in time and in sPace.

Unity in time : this is based upon initial infprmation or

infdrmation obtained from phases carried out earlier; it produces

either final information - in the framework of the application -

or information intended for subsequent phases.

The phase is executed at fixed (e.g. calculation of net pay)

or variable intervals (e.g, stock contlzol in a permanent inventorying

system).

Unity in space :.;this is achieved owinno. the fact that a.

-phase' isaxecuted within an "activity cell".

An epplicatIon-ay be regarded as a graph in which the peaks,

are the tasks and the curvescorrespond to the sequence of events
between tasks.

An application defines an orderiof tasks.

The phase and its dual notion of activity .cells are key itets

in the nomenclature: they are the factors used for-defining units

of information and the processes to be applied to-these.

- 130 -
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Function

A phase defines a set of functions t4 be carried out. A func-

tion specifies a series of basic operations to be applied to the

information. With each function is associated one or more operations

which, when applied to the input information, produce the output

information.

Example:

Calculation of VAT when preparing an in oice is a function.

To illustrate the relationships between phases and functions,

we shall take the example of the "calculati of grubo pay" phase.

It can be broken down into a set of functio s comprising:

,- 'calculation of gross pay for normal orking hours;

A\calculation of gross pay for overtim ;

calculation of gross pay relative to bonuses;

- calculation of gross pay relative to benefits'and other

extra payments.

This phase is.developed from the resul s of the previous phase

"updating of personnel records" (recording f variable components,

modifying permanent components).

The result of this phase will be used s initial data for the

"calculation of net pay!' phase.

Each function involves a processing algorithm.

The breakdown of a phase into functions is arbitrary. It may

simply be-said that a function represents a homogeneous and signifi-

cant process applied to a set of information units.

Basic operation

This is the lowest level of thenomenclature. A function is

broken down into basic operations such as : updating a document,

printing a document, copying a unit of information, calculating a

square root, etc.

NOMENCLATURE IN THE "TECHNICAL" COMPUTER SYSTEM

This second nomenclature is proposed for computer techniques

such as: operating nodes, file structures and methods of accessing

data, organisation of processing and programming.

With each level'of nomenclature will be associated significant

components from the standpoint of computer techniques.

tga
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NOMENCLATURE OF COMPONENTS OF COMPUTER SYSTEM

ASSOCIATED WITH THE ENTERPRISE(1).

System

To the system will be basically Associated the files (sets'of-

information units) defined at this level. In the main these will

be personnel (identification) file's and record files.

Sub-system

As at the preceding level, the significant information units

will be definedfor this entire sub-system- They will mainly concern

personnel (identification) files, record files and situation files

'(defined at sub-system level). ,

Application

In computer system, an Implication will be considered as a

coherent and self-contained set of operations and files.

These characteristics arise from the following aspects:

- Cohesion: intense circulation of information internal to
/I the application,

- Autonomy: in principle no information circulates 'between

two different applications, except possihly for certain

ri ori al primary information, Uui without any return to the

/7 lap atioh from which they were taken (e.g. selection of

order forms and invoiced froM "credit management" to

account .,sobsidiary_file6 from "wages and salaries"

management").

Note:

-

follows that for eact-aPplIdatihn, an exact- definition will

awn Op for the files, showing:

- the different types of file (transfer, operation, identifi-

cation, situation and record files),

- the flowchart showing the links between these files;

- the interfaces with the other applications.

ProCedurif

Proce dure possesses operational unity due to itauniformity
4

Cf. . Clarinval: "Methodologie de la 13kogrammation" rrogram-
ming methodologF, Internal Paper, jristitut d'informat

i
que des

ufaulLes univer itaires Notre-Damede la Paix, Namur.
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in time;'it can therefore be introduced as a single "job" for pro-

cessing-on the computer; it.is handled in a single run from the

point of view of the operator. Each procedure has its own frequency,

which is either fixed (e.g. preparation of invoices + transfers +

bills m "invoicing" procedure) or variable (e.g. updating identifi-

cation files).

Example:

Input of transfers (with checks, inventories,4eta.), preparation

of invoices, production of &illy. statements (daily budget and daily

cash statement) or monthly statemcnts (ledgers).

The idea of procedure is equivalent in the IBM 370 operational

specification.to "catalogue procedure".

Note:

SeVeral categories of procedure can be distinguished:

- "construction" procedures of the sub -system or application,

i.e. those which alter the information stored in the system;

they of course include all necessary "identification" (print-

out) aspects; it is often possible to schedule their frequency;

"identification" or "print-out" procedures, for examp/e,

"print-outs" on request, which do not alter the information

'Stored, i.e. they,must be entirely specific and can incorpor-

ate specifications, such as print-out sequences, that are

Specific and capable of being expressed in parametric form

for implementation; such specifications are not used in the

"standard" print-outs of the conatitutive-procedures;.

- "protectiVef 'Procedures (e.g. copying files, programmes,

prriedures) and "reconstruction" procedures (e.g. reconstruc-

tion of a file from its "back up"); these must be as specific

as possible;'

- operational assistance procedures (e.g. a programme for cal-

culating the amount of space a file requires on a disc, for

analysing the state of the file - percentage overflow records,

etc. - reorganising the file, managing the file catalogue,

and so on);

- procedures for building up and maintaining software (writing

programmes, maintaining libraries, etc.).

Function

Examples are : reading a file, consulting a file, writing a

file, sorting a file according to liven sequence, checking some

item, generating or formatting an item, printing out a statement.

The function is dine process applied to an item in a procedure

125
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(or a programme - see below). A single process applied to one item
can of course consist of several separate operations applied to
many components of the item (e.g. checks on zone validity).

In addition to the logic functions defined in the nontechnical
nomenclature, there will be other. .functions specific to computer
nomenclature such as tape rewind, calculation of a,"check digit ",'
accessing data in a given medium, etc.

The function will be executed by an operator. There are three
different types of operator.:

- processing operators, executing a function;

- structural operators or logical records, providing the

link between the processing unilis;
- ti

- parameter transfer operators.
i

The operator, if it is to work and perform some concrete func-
tion, must be updated or parametrized (there ar, several techniques:
parametrization itself programmed, use of .a parametrized macro-

instruction, communication .of parameters to the different units in
the form of arguments).

)
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CORRESPONDENCE BETWEEN THE TWO NOMENCLATURES

OrganiAatinnal nomenclature Computer nomenclature
4,

System . . System

Sub-system 4---; , . Sub-system

Application . . Application

Phase . - Procedure

Function ' y . Function-operator
Basic operation

The relationship between

figure .

'We have

the two nomenclatures is shoWn in the

kept the same names fCr the three upper levels since

the uter as ect introduces no :,hew-element.

Ho" wevei' the'data processing approach,does generate elements,

- which appear neat er in the phases nor in the breakdown of the

. phases into logic ctions (processing functions).

.135-
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XI'.
,'IMPACTS ON SOCIAL STRUCTURES CONSEQUENT UPON THE '

INTRODUCTION OF TRAINING FOR COMPUTER SCIENCE

INTO THE EDUCATION SYSTEM

by
I.

M. Hendersol

Staff Assistant for Computer Usage Information and Data
Institute for Computer Sciences and Technology
National Bureaii of Standards, Washington D.C.

(U.S;A.)

INTRODUCTION
de

O

4

The growth of applicatiOnof computers has had a profound
impact on oUr social structures and on our ways of working within
those structures. We can, trace the changes,,it economic and social
structures due to various applications of computer technology. In
the United States, for example, we have moved into a post-industtAal,
service oriented economy-which is supported and strengthened by
computer technologies. ,-

There have been efforts over the past few years, of varying
, .degrees of success, to introduce, the fundamentals of computer science

. and the principles of computer applications to'the individual in
order. to prepare him to take full advantage of the potentials of
Computer technology. The extent of the successes, or the' failures,
can be seen in the attitudes of the individual on computer utilization
in his society. Based on the realization that more mustiod done to
acquaint the citizen with the potentials of computer science, it is
necessary to continue exploring various approaches toward'introducing
the concepts into our educational system gpd to the-adult consumer.

As the citizenry becomes better acqutinted with the world of
computers, we should be able to see a ohangeop attitude and a change
in appreciatiOn for the place of computers*In4our society. Knowledge
of the ways in which computers operate will help to hhape the intel-
lects of our citizens, to permit man to adapt better, to learn how/
to handle information and to select data, aided by the potentials/of
computer technology.
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t-DEtfE opjENTS IN

There is little doubt toda

'major technolOgictlil device in m

economic developient. Compute

remarkable growths the world 4

d

ECON riC STRUCTURES

atthe oompUter it becoming a

o6he broad are of 'social and

chnology represents one of the most

/
eYei. witnessed; Ipthe past two

decades, the number of computes in the United States alone has

A

grown from zero to over 100., 0 - that, is one computer for evert

640 familieal In the rest of the world, the nubberofcomputers

has risen to nearly 50 00.. In applicatin'e "from healthcare'to

ded'ense, education t. crime Oentrol and biology to phYaics, computers

haie ... proven the r ever expanding effectiveness.

!During this Fe period, technologital developments have led

the United State intOapost-industrial society, tharapterized,by

a aerVice rien d:economyl-By the mid-1950i,more than-nalf the

populat

hi

of t e United States was gainfully employed doing some-

for other.ptopie rather than in either manufacturing or'agri-

cultural.pursuits. Today, more than 63 per cent of.the United States

labor force is employed In the service industry. By 1980, statis-

tiians predict that 2 (Art of 3 members of the labor force will be

part of the service sector:

The technologies integral with a service' economy and essential

to achieving its goila inclpde computer technology, communications

technology, and information technolagy.'They serve to link users,

services and products in a meaningful and efficient way.'Computer

networks, the means to accomplish this linking, "couldlell be the

strongest force at our command today" for improving operations in

industry, in education, and in government.(2) Computer networks

are etaripial for real time, 'geographically dispersed control activi-

ties vital to a potion's well being such as in the transportation,

financial, and retail trade areas. Computer networks make possible

the sharing of information resources, computing resources and informa-

tion handl+ equipment, including library; census data, medical

insurance,anA social security files. Computer netWbrks ensure equality

of access:to and quality in public services, such as law enforcement,

educational facilities, and health care delivery.
4

One of the characteristics of the post-industrial, service

oriented society is its dependenCe.on 3nformatton a8 the basis for

control ofItita"opmplex'organ zational atructiures. It twee information

tedireat its Mechanisms fo. 'action and is guided in its direction

and policy, by informatio he growth of computer applications and

they switch to computer networks.refledt a basic change in information
zr.

.* Figures in brackets' refer to the Bibt1iograPhy at the end of this

'Chapter,.
4

d
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,0handling and communication
techniques. This change must include a

,realization on the part of-every.ten of his own dependence on
effective use of

o
information and. the need for him to adapt to the

newer technologies and 'their application. As the citizen.learna
these lepaans and tontributes even remotely to the successful imple-
mentation of systems embodying

computers, communications, and infor-
mation' technology, we can expect to see definite effects on the way
we do

a) Becaus of successful applications of computers, we see a

.
trend towards increased centralized control of th49,a4se-

.
' mint of geographically

disursed,,orgtniaatt64:A.hallmerk!
.c1,740yarnMtntebd%indtlitry will be widespread enterprises
with one central headquarters and a large number of diverai-
fled, geographically separated, manufacturing-or.service
subsidiaries. The efficlency,of centralized management and
decentralized operation is possible only with computer' net-
workse Befor-e their use, real-time menagement from A central
location of the day -to -day operations of geographically
.dispersed facilities was virtually imoossible. Now with
computer networks and the correlative rapid transfer of

,

selective information, retail stores, banks, and commercial
air traffic, is examples, can operate effectively through
up-to-the-minute information transfer, In addition, in.
activities where decIsione must be made on the'spot, manage=
ment via computer networks makes local decision-making
feasible while maintaining centralized control.

b) Thp sharing .of expensive information and computing resoprces
will become a characteristiCof our socia1 atructures. There
are maw organizations which cannot-affod to maintain their
own extensive files of basic data yet need portions of such
files on a daily or frequent basis. Access to such expensive
equipment and information stores can be obtained through
implementation of computer networks. Some areas of important
scientific research still need computing power available at
a, limited number of sites having the largest computer instal-
lations. Most individuals engaged in such research cannot,
afford the necessary computing power locally, but through-
computer networks can have access to that poweil. The net-
works aggregate the market for.computing power and supply
the means for cost-sharing expensive development of increased
computing power among customers.

c) The explosive increase in the minicomputer inventory in the
'i;tUnited States and /Around the wor ld acts to bringever closer

the contacts between man and machine.'Minicomputeresre,
'beOoming personal computing,recources: linked to computer

- 138- 7
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networks, they provide each of us' ut own indiVIdual infot*'

tition center: Inthaoffioe or at home, we can tap a. myriad:

varietyof:information-resources to help us keep informed

Andmake4ecisions efficiently and effectively. World news,

lo.Calyeather, special events, part cular instructional

courses or general'educitionaI reviews Will be available

-for,our choosing. Data bases peculia to our needs can be.

constructed, from* general information 1 resources and-Main

tained for use at our. own convenient ;

d) The characteristics and potentials o computer technology.

Will make much ofiourpresent paperwdrk unnecessary and

obsolete Decisions will be recorded in individual data

banks; transactions will be initiated and completed in

computer storage. As a. result, bur Operations will be more.

efficient,'less cumbersome, less erro :.-prone(, more timely.-

We already see examples of the "check ess-cashleas societylv

undergoing tests, for utility and conA er reaction. Soon

we will initiataa transaction, like a retail purchase and

have that transaction completed, such 'as paying for that \

purchase, without need far the traditional billing proce-

dures, checkwriting and'hank account balancing processes

we follow today. In the same manner, b siness management

will produce reports in the form of computer- generated 4

displays, which can be manipulated in response to inquiries

and dialogues, in orderto examine alternatives to various

possible corporate decisions.

'HOW PEOPLE PERCEIVE THE COMPUTR

The beneficial effects of computer applications are counter-

balanced by forces of resistance to change, high costs, technological

probleths,and the fears and anxieties of people who are touched by

them: Those involved with computet science and technology, that is,

computer specialists and those who have the respbnsibility for foster-

sing the utilization of computers, must serve bot*

11

the producers and

consumers of computer products and services. The computer profession

has a special obligation for ensuring that computer technology serves

the citizen in ways to enrich and improve his life while protecting

his right to privacy and dignity.

Accompanying the picture, of the pervasivenees'of the computer

are the "horror stories" so rampant today. Two o the most frequently

heard are, first, that computers are repl4cing ma and,second, that

computers are dehumanizing and constitute a threa to the individual's

privacy.
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Studieshave been made of the use and misuse of:computers, and
other probleM areas' identified wiih effective utilization of computer
technology. The conclusion'that can be drawn is that it is necessary
to develop and'provide enough information to consumers of:computer
products and services that the consumers can know what computers can
.do for them and what they cannotdo..

In 'order to measure the magnitude of the.problem of defining
the information.needed about computers, we must first recognize and
measure the extent of the knowledge (Or ignorance), about computers.
of most citizens. A number of studies have been made that seek to .

determine the perception of. the computer and its 'uses held by a
representative sample of citizenry.

a) An experiment which took place in a.Scottish hospital was
designed to utilize the computer to perform. basic, repetitive
tasks in order to release doctors from. simple administrative'
chores to perform more professional duties.'The first task
of the experiment was to program the computer to take a
straightforward medical history, according to a clear history
format. Patients were divided into an.experimental group and
a control group. The experimental group was interviewed by
the computerized system and the control group by using the
traditional doctor's approach. People seemed to enjoy the
computer interview. In fact, half said they preferred the
coMputerizedmedical-historY-taking pfocedure, that they
felt more at ease and that the machine '"was very polite and
very patient". (3)

b) Another brief example took place at the Stanford Center for
Research and Development in Teaching. The purpose was to
determine how students feel about their experience with
computer-assisted instruction. Over all, the students had a
more favorable image of the computer than of the teacher.
More reliable and more objective evaluation was provided by
the computer learning situation than traditional classroom
instruction. The almost simultaneous feedback on the quality
of the student's performance was deemed to be rewarding.

c) The joint study sponsored by the American Federation of
Information Processing Societies,. nc. (AFIPS) and Time
Magazine took place during July and August 1971 and involved
1,001 telephone interviews with a probability sample in the
United States. The eight basiCpreas in which data were
gathered were job involvement with computers, incidence Of
personal problems because of a computer, the role of computers
as perceived by consumers, people's image of computer usage
in business and government, the general effect of computer
usage as. perceived by the individual, attitudes toward career
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Opportunities in the computer field, and the relationshi

of computer usage to privacy. It might be of interest h

to review selected data from among the overall results

i) -About a third of thoSe surveyed reported that th have

had a problem because of a computer; billing roblems

were the most frequent causes. of-difficult s. The

majority reported they have never had problems in having

,scomputerized bill corrected. Of those who did have

diffiCulty, most blamed the personnel of the company

involved rather than the computer itself.

ii) The public view of the use of computers in providing

consumer benefits is generally positive. Nearly 9 out

of 10 surveyed felt computers will provide many kinds

of information and services -6 us in our homes; more

than 6 out of 10 felt computers are helping to raise

the standard of living,.and have helped increase, the

quality of products and services. However, the same

ratio of respondents felt the use of computers in send.

ing mail advertisements to the home should be decreased.

iii) In general, the public believes government should make .

increased use of Computers in a number of areas, that

such usage will make government more effective, and that

there should be increasing governmental concern, for the

way in which cOmpUters ire used and about regulating

such use.

iv) There is major concern about the use of large computer

ized information files. More than half of those surveyed

are concerned that some large organizations keep infor

mation on millions of people, and that computerized

information fides might be used to destroy. individual

freedoms or to keep people under surveillance.

v) Of those Surveyed, about threefourths were in favor of

a young, person'entering the computer field as a career,

and sawthe'jobs as interestingt challenging; and offer

ing rapid advancement. They also believe such careers

require lots of training.

d) A study done for the Federal Department of Communications

(Government of Canada) by the Social Survey Research Center

in Toronto, involved a'qualitative study to elucidate the.

issues concerning the public's perception of computers and

computer services, and a quantitative survey to evaluate

the feelings and reactions of a crosssection of Canadians

(1,030) on the basis-of a questionnaire. About 85 per cent

of the total number of respondents indicated that they had

either a direct or indirect contact with a computer. In
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terms of perception or image of the computer, most thoUght
of it as a very efficient mathematical machine. Slightly,
over half' of the respondents perceive the computer in a
beneficial way in terms of enabling government and business
to make better decisions, and of improving the quality of
education. Nearly three-fourths agree that computers will
provide far more leisure time.

On the other hand, almost three-fourths of the respondents
thought that the computer would cause unemployment. Although
the perception may not be real, i.e. the computer. may not
cause unemployment, the consequence of the perception becomes
real, i.e. people fear the introduction of the computer, -

particularly in the work environment.
Studies of this nature point to three major Conclusions. First,

to most people the computer is becoming the overriding technical
symbol of the 20th Century. Yet there is probably little awareness
of the.technical compleXity of the device. In addition, many people
express two sets of conflicting attitudes about computer technology:'
they appreciate the benefits derived from computerized systems in
terms Of medical, scientific, and technical progress, yet they
express considerable hesitation about'what the computer will actually
do to them in terms of interpersonal

relationships and their day-to-
day activities. Finally, even given the traditional liMitations on
survey research data, there exists a growing body of empiricl data
on which more objective decisions can be made concerning the.psycho-
logical and sociological dimensions of computer technology. What is
needed is further research to increase our understanding of the human
impact of computer technology.

POSSIBLE SOLUTIONS

Given the burgeoning role of the computer in today's world, and
the current perception of that role by the private citizen, how can
we provide for the education of that citizen? How can we teach the
individual to adapt to the realities of computer technology, to learn
how to use effectively the information resources computers make
available to him?

It behoves us to define the sets of citizens to whom the efforts
at education should be directed. We can distinguish three such sets:
computer specialists, who need to be educated as to their responsi-
bilities to consumers or customers of compufer technology; adults
who are already exposed to,computer services and/or the products of
computer applications; and young people, who can be brought up with
a realistic understanding, of how computers operate and the role of
computers in our society.
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a) The computer

for compyter

puters.,Here

fessional to

specialis-inyolved whena potential ouatomer
services maket a controLo0 decision to use com-

the respOnsibility liee wisihs-the computer pro-

designi.operate, and maintain coMioaiP-systemS

insuch a way as to maximize the service to the customer

and minimize possible 'adverse reactions: We "must recognize;

that the computer specialist who develops a. system. uaed by

the public will certainly affect the public".(4) The quality

of the systems prOdUced by the specialists, and the use which

is made of these systems,will determine whether they have

good or bad effects'on society.

This philosophy must be incorporated into the curricula of

computer tcience,departmentsin our colleges and universities-:

And, in turn, computer specialists must learn tocommunicete

meaningfully with the public to present a fair picture of --

the computing industry.
0

b) In the:case of forrecipient or compUter--S6;icet

..

generally not made a conscious thoi Most of us suddenly

begin to receive, for example,,0 mputet-processed bills or

computer-addressed mail;y1-4cPerience definite frustrations'

when we find that our normal, traditional methods for bring-

trig errors in bills or in labels to someone's attention:no

longer work whenthat someone is a computer. Theproblem is

not the computer but the management arrangements made - or,

rather, not made - for coupling the computer to the consumer.

The responsibility here must lie with both the 'computer

professional, as described above, and with those involved

An traditional educational channels. Not only the usual

school systems but those means for consumer education spon-

soredby industrial and consumer oriented organizations must

be used. \'

Exposure of the adult consumer do the role of the computer

can take the form of programs on public television networks,

sponsored and prepared by professional and technical organ-

izations in the computer field, industrial or governmental

agencies using computers in their operations, and consumer

groups experienced in techniques for reaching the layman on

technical subjects. Eye - catching literature to appeal to the

casual reader can also be used to carry the message about

computers and their'impact.

c) Ideally, education about computers and training in the ways

of computers should begin at as early an age as possible.

As an example, in the school system on the St. Paul-

Minneapolis-Minnesota area of the United States, a joint

board for data processing started to investigate the potential
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up, hf electronic data "processing in elementary and secondary
education ten years ago. With the latest in computer hardware
and a staff trained both in computer technology and teaching,
tfie board operates as Total Information for Educational

Systems (TIES) and aids students from kindergarten through
the twelfth grade. For demonstrations of a computer's ability,
a portable teletype and data linkto connect to the time-

sharing computer at the TIES center are carried to member
schools. From a simple example of communication with the

computer, the demonstration goes on to show how the computer
can add and do other simple arithmetic operations' rapidly

and without errors. In this way, the young children gain a
first-hand appreciation of the

a
operation, uses and benefits

of a computer, along with an initial correction of many of
their misconceptions.

Junior high school students get opportunities to write and
run their own programs, through the time share terminals

located in their schools. The greatest emphasis on the.study\
and use of the computer is in the high schools. The goals
of the TIES program are threefold: to use the computer as

an object of instruction, and understanding what it can do;
to use the computer as a means of computer-aided instruction;
and to develop an appreciation and awareness of the role of
the computer in society. Since the tigh school students will
be the first to feel the impact of the computers'in their
lives, they, receive the greatest amount of instruction about
it. (5)

CONCLUSIONS.

-We started this discussion in terms of the impact on our social
structures due to the introduction of cOmnuter technology, and atten-
dant communications and information technology, into our economy and
society. Having recognized the need for education of computer special-
ists and consumers or private citizens in the ways of computer tech-
nology, we have examined possible solutions to the problem of intro-
ducing this education or training for computer science into the
education system.

It is our belief that introduction of such training is necessary
to ensure that the consequences of computer applications be orderly
growth and development, rather than the sometimes confused and dis-
ruptive reactions of today. Until the consumer:the customer for and
recipient of computer-based services, is fully aware of the implica-
tions for him of the developments in computer and attendant technol- .

ogies, he will not support the continued growth of the field.
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The successful application-of computer technology is having,

and will continue to have, impacts on the structure of our society.

We must work together, as customers for Snd providers of computer'

serVicesi to accomplish those activities that encourage the discip-

':lined Aevelopment of computer systems'that will-make possible better

public :services,. bettenquality and lower coat industrial products

and services, and better management of all organized activities.

There has been a steadily, ,growing recognition of the role of computers

and computer networks in meeting the requirements of the developing

economies of the world. We must also ensure recognition of the need

for education and training of computer specialists and the private

citizen to prepare us and our society to take full advantage of the

promise of computer technology.

a
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XII

'DEMAND FORECAST SURVEY OF INFORMATION

PROCESSING ENGINEERS IN JAPAN

by

S. Imamura

Executive Director

,Inlatitute of Information Technology

World Trade Centre

Tokyo (Japan)

There are four surveys in Japan on the demand fOrecast of

Information Processing Engineers. The following is a summarised
list of these surveys.

Abbre-
viation

Conducted
by

Annoupcod
in

Piriod
covering

Obsoles-
cence Remarks

J-1 JIPDEC Sept.'68 19684 1972
.

Obsolete.
J-2 JIPDEC June '69 1972,& 1975 Active
J-3 , , March'71 1970 & 1976 ,(Active) .Limited

circulatiol
E
/

MOE: Oct. '71 1972 1980 Active
,

SE & PR
only

JIPDEC Japan Information Processing Development Centre
MOE Ministry of Education

Abbreviations used:,

IP Information Processing

L m Super large and large size computers

LA . Super large size computers

LB - Large scale computers

M - Medium sizeoomputers %

MA m Medium size computers -- larger

MB - Medium size computers -- smaller
S - Small size computers

SS m Smaller size computers (excluding mini-computers)

SA Systems Analysts

128
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SE SystemsEngineers

PR Programmers

SP - Senior Programmers

JP - Junior. Programmers

OP = Machine Operators

KP se Key Punch OperatCfra

MGR Managers

COfle Total

F.Y.= Fiscal Year

Notes

1. The Japanese fiscal year starts lin April and ends in March

of the following year. For example, the 1972,fiecal year.

starts April '72 and ends March '73. Usually all statietics

measured are as of the end of the fiscal year (i.e. March

1973 for the 1972 fiscal year).

2. .The conversion rate between Japanese yen and U.S. dollars

was,360:1 until August of 1971, but after that it changed

to 108:1 (16.9% up).

3. The definition of computer system size is as follows:

System Size Sales Price Range (01,000)

L
LA
(LB

812 and above
1.1,623 and atiove
(812 and above,

M

iMB

130 and above
1325 and above
(130 and above

S
.

32.5 and above
.

SS under 32.5

Abbreviation : Survey J-2.

Conducted by: Informatip Technology Prediction Subcommittee,

Japan Information Processing DevelOpment Centre (JIPDEC).

Published under the titie of: "Future of information Proceasing -

Technology" (pp.197-223).

Announced in: June, 1969.

Period covered: 1972 and 1975.

Notes:
4

1. This publication consists of nine chapters focusing on the

following topics:

a) System Architecture

b),Hardware Technology 139
.
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cY Software Technology

d) Data Communication and Networks

e) Standardisation

f) Price Performance

g) Comppter Professionals

2. This paper covers only (g) above.

A. BASIC DATA

The following data are quoted from estimates by the Ministry

of International Trade and Industry, announced in July 1968.

1. Numbirs'of computers installed and ofaomputers to be
installed.a8 of March 1972 and 1975 (estimates)

installed 1972 1975 -

LA 270 . 590
LB 790 1,650
MA 2,120 4,350
MB 2,570

. 5,420
S . .4,230 8,890
SS 2,130 4,560

TOTAL 12,110 25,460

To be installed 1972 p 1975

LA 76 50
6 LB

MA
' 221

594
130
340

MB 920 420
S 1,184 680
SS 596 350

. TOTAL 3,591, 1,970

2. Value of computer production and computers imported

(billion yen; $billion in parentheses)

Production Importation 4

1972 Fiscal Year
1975 Fiscal Year

488(1.58)
927(3.01)

46(0.156)
93(0.302)

B. METHOD

1. The adaptability of Brandon's Formula for this prediction

was thoroughly investigated and verified and it became clear that

if the adequate coefficients were selected, the modified Brandon's
Formula could be used to fit unique Japanese conditions.

IP
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2. For simplifying and clarifying, this paper covers only the

girt of the Study, excluding aeveralexciting detailed diacuaaions

and arguments.,

3. Definition of systems sizes.

System sizea are broken down into categories as followet

Super Large (LA)

Large (LB)

Medium - A (MA)

Medium - B (MB)

*Small (S)

Smaller (SS)

ek) First, the demand fore6ast

three rectory as follows:

i) Computer Liters

Information processing

bureau type business)

ii) Computer Manufacturers

iii) Computer Dealers.

b) Computer Usera

'B-1

Selling Price Range

$1.623 million and above.

$0.812 million and aboveb

$0.325 million and above

$0.130 million and above

$32.5 thousand and above

under $32.5 thousand

survey was done by dividing into

services industry (serviC

Standard numbers of I.P. Engineers'per

according to Brandon's Formula:

Computer System

System Size System Analyst Programmer Operator

LA
LB
MA ,

MB
S
SS

9.0
4.Q.
2.0'
2.0
0.5
0.5

15.0
8.0
5.0 ,

5.0 .

1,5
1.5

8.0
5.0
2.5
2.5
1.5
1.5

B-2

, Standard numbers of I.P. Engineers per Computer System

according to the,modifitd Brandon's Formula for this survey:

Size SA PR ,, -4 OP TOTAL

LA 6.0 7.0 3.0 16.0
LB 4.0 '.5.0 2.0 . 11.0
MA 3.0 4.0 2.0 9.0

4MB 2.0 2.5 1.5 6.0
S 0.5' 1.5 1.5 3.5
SS 0.5 1.0 1.0 2.5
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,a

B -3

Increguse.,OrI.Pe Engineers by additional shifts

i) Multiplying ratios by job title:

No. of Shifts SA PIC OP
1

1.0 1.0 1.0
2' 1.2 1.2 2.0
3" 1m4 1.4 3.0,

P
ii) Increase of Proportion of additional shifts in the future

as of March 1972:

Size . 1 shift 2 shifts 3 shifts

LA
LB ti

'MA
MB
S
SS

10%
20%
40%
50%
80%
100%

55%
55%
50%

240%0%
- .

35%
25%
10%
10%
-.
-

as of March, 1975

Size , 1 shift 2 shifts 3 shifts

LA 8% 50% 42%

MA, 20% 60% 20%
MB 30% 60% 10%
S 50% '50% -
SS 80%. 20% -

C
72

B-4 '

Adjusted numbers of I.P. Engineers per Computer System
after considering the increases of additional shifts:

A x (B x C72) 0 D72

A x (B x C75) D75

as of.March, 1972

Size SA PR OP TOTAL

LA 7.5 8.75 6:75 23.0
LB 4.84 6.05 4.1 14.99
MA 3.42 4.56 3.4 11.38
MB 2.24 2.8 2.4 7.44
$ 0.52 1.56 1.8 3.88
SS 0.5 1.0 1.0 2.5
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as of March, 1975

Size SA, PR OP TOTAL

LA 7.62 8.89 7.02 23.53
LB 5.04 6.3 ,4.6 15.94
MA 3.6 4.8 -4.0 12.4

. MB 2.32 2.9 2.7 7.92
S 0.55 . 1.65 . 2.25 4.45
SS 0.52 1.04 1.(2 2.76

Bs5

Brandon's Formula

The modified Brandon's Formula was used.

The original Brandon's Formula is as folloWs:

Size Formula

Super Ldrge LA) d a + 0.6bi
Large LB) d 0.95a 0.6b
Medium , MA &MB) d 0.7a'+ 0.7bI.

4-7604111 s & ss) d s 0.75a t 0.8b

4

D
75

where a . no. of installed Systems

b no. of systems to be installed at that time

c adjusted no. of systems for predic ion.

B-6 A

Modified Braudorils Formula

After several discussions and verificati/ons, the following

modified formula was adopted to calculate total numbers as of

March 1972 and March 1975:

for 1972

,Size Formula

1
1
1

1
1
1

0.1
0.8
1

'2
0.4

E72

'E
75

LA & LB
MA & MB
S & SS

for 1975

Size

d = a + 0.6b
d.. a + 0.8b
dma+b

Formula

LA & LB
MA & MB
S & SS

d = a .61 5b

d . a + 2b
d . a + 0.4b
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8 -7

Total numbers of I.P. Engineers

According toathe ekimationby the MITI, numbers of installed
systems and those of systems to be installed each riar are as follows:

as of March, 1972 as of March, 1975.

L a b a b

LA 270 76 590 , 50
LB 790, 221 1,650 130
MA
MB

2,120
2,570

594
920

F
72 4,350

5,420 420
F75

S 4,230 1,184 8,890 680
SS 2,130 596 4,560 350

072
E75 °75 075

IA
LB
MA
MB
S
SS

d

72

LA
LB
MA
MB
S.

SS

d

075

316
923

2,595
3,306
5,414
2,726

740
2,040
5,030
6,260
9,162
4,700

for 1972 0
72

x D
7

H72

Size No. 4A PR OP TOTAL

LA 316 2,370 2,765 2,133 7,268
LB 923 4,467 5,584 3,784, 13,835
MA 2,595 8,875 11,833/ 8,823 29,531
MB 3,306 7,405 9,257 7,934 24,596
S 3,414. 2,815 8,446 9,745 21,006
SS 2,726 1,363 2,726 2,726 6,8r5

TOT 15,280 27,295 40t611 35,145 103,051

2A00 411,000 351,000 103,000

for 1975 075 x D 75 . H 75

Size No.

LA 740
LB 2,040
MA 5,030
MB 6,260
S 9,16.2
SS 4,700a

TOT 27,932

SA PR OP TOTAL

5,639
10,282
18,108
14,523
5,039
2,444

6,579
12,852
24,144
18,154
15,117
4,888

5,195
9,384

20,120
16,902
20,615
5,640

17,413
32,518
62 , 372 H 75/
49,579
40,771
12,972

H72

Op

56,035

56 ,000

81e734

81%500

I 14.1'152

77,836

76).000

215,625

215,560



Total numbers in computer used:

`,,as of. Al PR OP
. ,
TOTAL

March,. 1972 27,000 -- 44000 35,060. ---- 1010A0

-Mato!1 , 1975- 56,000' H81,500 , 78,000 215-500

c) Computer ,Manufacturers
,

C-1
Standard numbers of.J.P. Engineers in computer. manufact era

No. of 'Engineers perr' V1 billion n) prOductio

"SA:''"' ''''EtiilltstiPn
Sale.s.--'-'

---Eegineer-----'"<Engineer
PR 0-'-

20 3 . 11 25 -°,59
. _.

Computer Production (estimated):

in 1972 F.Y. t billion (4.58 billion) (a)

in 1975 F.Y. V927 bilfn {13-01 billion) a. (b)

C-3

Total numbers in coMputer manufacturers

J z (a) =

(b) X75
for 1972

S Ed E Sal .E PR ,k TOTAL

9,760' 1,464 1 5,368 1 12,2001 28,792

9,700 I", 500 T 5i400 i2,000 V 26,600

for 1975

SA . Ed.E Sal.E PR TOTAL

18,540 2;7811- 10;197A- 23,1751 54,6931

19,000 T 2,80o1 10,000 T *,000 54,800 T

72

K75

a) Computer Dealers

D-1

Standard numbers of I.P. engineers in computer dealers

No. of Engineers per V, billion ($3.25 million) importation:
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s.

SA

15'
Ed.E

3

Sal.E

11

PR

25

-tOTAL

54

D-2

Value of imported computers (e timated)

in 1972 F.Y. 148 billiOn (c)
in 1975 F.Y. Y93 billion ($0.302 billion) (dI

(roughly 10% of computer production)
-L x-(0) = M72

L x (d) = M75

D-3

Total numbers'in computerilealers

for 1972

SA Ed.E Sal.E PR TOTAL

720 144 2,594

730
1

140

1528,

530

11,200

1,200 2,600

for 1975

SA Ed.E . Sal.E PR TOTAL

1,395 279 1,023 :2,325 5,022
fq11,4'00

A
390

1
1,000 2,300

f

5,000

e)- Summary
r

, Table A

M
72

M
75

,SA Ed.E Sal.E PR 'OP TOTAL
Users 27,000 4 .o 41,000 35,000 103,000Makers 9,700 1,500 5,400 12,000 . 28,600Dealers 730 140 530 1,200 ..' 2,690
TOTAL 37,430 1,640 5.930 54,200 35,000 134,200

45,000 -=--
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Users
Makers
.Dealers

TOTAL

SA Ed.E Sal.E PR OP, TOTAL

56,000
'19,000
1.400

76,400 -__

81,500 215,500
2,800 10,000 23,000

_78,000
54,800

300 -1,000 2,300 5,000

3400 4,000 106,800' 78,000 275,300

90:300 ,= SE

(as of March 1975)

CEMENT

The res t of the survey w s announgedin June 1969 and has

o been made a ilable to the pu is in publication.

Just, the same as Table 1

in Summary,

(as of. March 1972)

SA ,, Ed.E Sal.E PR OP TOTAL

Users 56,110 - ..- 81,560 77,920 215,590
Makers 19,000 2,800 10,000 23,000 - 54,800
Dealers 1,400 300 1,000 2,300 - 5,000

TOTAL 76,510 3,100 11,000 106,860' 77,920 270,39034

(as, of March 1975)

There are some minor discrepancies in the '!users" lin (perhaps

due to adjustments).

Clearly this is a' misprint.

Abbreviation: Survey J-3.

Conducted by the third working group, Computer Utilization Upgrading

Plan Committee, Japan Information Processing Development Center,

(JIPDEC). .
4
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Published under the title_of: "Report of the Third Working Group,
APcUUpc, JIPDEC" (pages 93-1-.12)_ '

(Limited circulation, not availallbthe public).
. Announced (restrictedly) in March 1971.

Period covered: 1970 and a976.

Notes:

1. This survey consists of three independent parts as follows:
a) Sales Forecast of Information Processing Servi

industry and Software Industry

b) Sales Forecast of Information Offering Services Industry
c) Demand Forecast of Information Processing Engineers.

2. This paper covers only (c) above.

A. BASIC DATA

Basic data of this survey are extracted from "Report of the .

First Working Group,, Computer Utilization Upgrading Plan Committee,
Japan Electronic Industry Development 'Aseodiation (JEIDA) as follows:

Estimated Numbers of Computer Systems installed as of March
1976:

° System Size No.of Computer Systems

Large 2,900
Medium 9,700
Small

r15
8,800

Smaller SS) 16,600

. TOTAL Ismo

System Sales Price Range Average Price
Tisri ($1,000) ($1,000)

L . 812 and above 2,727
M , 130 and above 253S 32:5and above 75SS under 32.5 21

The following figures are quoted from the result of the Third
'Work ng Group, CUUPC, JIPDEC:

Total sales value of software industry in 1969 F.Y.
4 billion ($13 million)

Eatimated sales value of software industry in 1975 F.Y.
V 51 billion ($0.81 billion)

E timated sales value of computer manufacturers in 1975 F.Y.
V9 0 billion ($2.92 billion)
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Estimated value Of installed computers, as of March, 1976

13,500 billion ($11.36

Eiiitated sales of software industry to computer manufacturers

in 1975 F.Y. 185-billion ($0,28 billion).

.8. METHOD

1. The adaptability ofBrandon's Formula for this'forecasting

was thoroughly investigated, but it became clear that Brandon's

Formai had many ambiguous points. which could not be understood and,

"that it did not fit the unique conditions and customs in Japan.'.

2. /here Were, of Aourse, several discussions, WssumptiOns and

approaches to reach'this method, but we omit such detailed discus-

sions, etc.,to simplify and clarify the gist of the methOd.
o

a) First, the demand forecast of Information Processing

Engineers was done by dividing into three sectors as follows:

i) Computer' Users

Information processing services industry

.(service bureau type business);

ii) Software industry;

iii) Computer manufacturers.

b) Computer Users

BL1

Standard numbers of I.P. Engineers per Computer System

as of 'March 1970

System Size SA PR OP MGR TOTAL

LA 6.0 7.0 3.0 2.0 18

LB 4.0 5.0 2.0 2.0 13

MA 3.0 4.0 2.0 1.5 10.5

MB 2.0 2.5 1.5 1.0 7

S 0.5 1.5 1.5 0.5 4

SS 0.5 1.0 , 1.0 0 2.5

as of March 1976

System Size SE SP. JP OP KP TOTAL

L 5''.2 9.1 14.3 6.7 31.3' 66.6

M 5.2 2.5 3.7 3.0 9.5 23.9
S 2.5 1.0 2.0 .2.0 3.8 11.3

SS 0.7 0.5 1.0 1.5' 1.8 5.5

149
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Sw.

B-2

Total numbers of I.P. Engineers

iSystem Size No. of Computer Systems

B

L.
M
S
SS

2,900
9,700
8,800

16,600

Ax13= C

Size SE SP JP OP IT TOTAL

L 15,080 26,390 41,470 19,430 90,770 193,140M 50,440 24,250 35,890 29,100 92,150 '231,830S 22,000 8,800 17,600 17,600 33,440 99,440SS 11,620 8,300 16,600 24900 29,880 1.91,300

B-3

Increase of I.P. Engineers by additionsl shifts

i) Multiplying ratios by job title

No. of shifts SE SP JP OP IT

1 3. 1
..

1 1 1
2 1.5- 1.5 1.5 1.5 1.5
3 2.0 2.0 . 2.0 2.0 2.0

C

D

ii) Increase of proportions of additional shifts in computer
users

as of March 1970

SysteiA Size 1 shift 2 shifts 3 shifts

L 30% L70% 30%MM 60% 30% 10%
S 90% 10%
SS 1°0% - .-

- -

as of March 1976

System Size 1 shift 2 shifts 3 shifts

4

L
M ,

S

s
..-

10%
30%
80%
100%

50%
40%
20%
-

40%
30%
-
u...2

)
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iii) Overall increase ratios by additional shifts

D x F m G
D x E

.System Size SE SP JP OP KP

L 141 1.1 1.1 1.1 1.1
M 1.2 1.2 1.2 1.2 1.2
S 1.05 1.05 1.05 1.05 1.05
SS 1 1 1 . 1 1

B-4

Adjusted total. numbers of I.P. Engineers

C xam H

Size SE SP JP OP KP TOTAL

L 16,588 29,029 45.617 21,373 99,847 212,454
M 60,528 29,100 43,068 34,920 110,580 278,196
S 23,100 9,240 18,480 18,480 35,112 104,412
SS 11,620 8,300 16,600 24,900 29,880 91,300

TOTAL 111,836-',.754669
-.

123,765 99,673 275,419 686,362

B-5

,G

InCilas-e-ni-outtide orders by computer users

1) Outside orders of software development by computer users

as of Mc"ch 1970
as of March 1976

2.0% (a)
25.0% (b)

ii) Decrease of I.P. Engineers effected by the increase of
outside orders

SE : 111,836 x /T- (b -a17 = 111,836 x 0.77 = 86,114

SP : 75,669 x LT-(b-a17 = 75,669 x 0.77 = 58,265

JP.: 123,765 .x LT- (b -a17 = 123,765 x 0.77 = 95,299

B-6

Total numbers of Io P. Engineers in the first sector

(computer users)

SE SP JP / OP KP TOTAL

86,114 58,265 95,299 99,673 275,419 614,770
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c) Software Industry

C-1

Standard numbers of I.P. Engineers per 11 billion
($3.25 million) sales

SE SP JP OP KP-
) L

471 89 38
0

m
Numbers of OP and KP are already included in the
"computer users" colusin, because tha calculations

'(of standard numbers x numbers of computer systems)
/.include all machine operators and key pUnch operators.

.C-2
,

Total numbers of I.P. Engineers in software industry

Estimated sales value in 1975 F.Y.
(ending March, 976) - 1251 billion ($0.81 billion)

Adjusted vlue (equivalent to 1969 F.Y.)
251 / 1.12.n 1224.1 billion ($0.73 billion) (f)

L x (f) M

SE : 71 x (251 / 1.12) = 15,912

SP : 89 x (251 / 1.12) . 19,946
JP : 38 x (251 / 1.12) = 8,516

SE SP JP OP KP. m
(

15,912 19,946 8,516 m m

C-3

Total numbers in the second sector (software industry)

SE

(

4 SP JP OP KP TOTAL

15;912 19,946 8'516 - - (44,374)

d) Computer Manufacturers

D-1

Standard numbers of I.P. Engineers

per 11 billion ($3.25 million) investment for software
Ntevelopment
SE SP JP OP KP TOTAL ,

( ' ) ' ul166, 203 19 83 471

r
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per V' billion ($3.25 million) sales
I

,E SP JP OP KP TOTAL
l

--.
21 25 2 10

,.

58
)

After several discussions it was conclUded to adopt

J
2
rather than J1 1or calculation of I.P. Engineers.

D-2

Total numbers of I.P. Engineers in computer manufacturers

Estimated sales value in' a975 F.Y.
(ending March, 1976) : 31900 billion ($2.92 billion) (c)

Estimated installed value as of March, 1976:
313,500 billion ($11.36 billion) ,(d).

J2 X (c) K

' SE ,SP JP OP KP TOTAL = K

(18,900 22,500 - 1,900 9,000 52,200
)

D-3

Decrease of I.P. Engineers effected by the outside orders

from the manufae-Curers-to software, industry

Estimated outside orders in+1975 'F.Y.:
3185 billion ($0.28 billion)

Adjusted value (equivalent to 1969 F.Y.):
185 billion / 1.12 4. V75.89 billion

($0,25 billion)

SE : 18,900 -71 x (0 18,900 - 5,388 . 13,512

(e)

SPt.TP : 22,500 '(89 + 38) x (e) 22,500 -.9,638 12,862

SE SP JP' OP KP TOTAL

13,512 2.2,862 1,800 9,000 37,174

e) Summary

Sector SE SP JP
.

OP KP TOTAL

Users '86,114 58,265 95,299
99,673

.

275,419 659,144
Software 15.912 19.946 8.516
Makers 15,512 12,862 1,800 9,490 37,174

Total 151538 194,888 101,473 284,419 696,318

(as of March 1971E53
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r.

O

Comparison with pumbers as of March 1970

Demand

'Sector SE SP JP OP KP TOTAL

Users 18,235 11,385 -19',609
19,707 42,892

/-

1.12f620
Software 284 356: 152
Makers 4,460 5,310 425 2,214 1 ,409

Total ; 22,979 36,812 20,132 45A6 125,029

(as of March 1970)

Actual,

'Total 15,924 20,235 16,166 36,430 ,98,755

$ * 69.3, 6.7 80.3 ,85.2 79.0

(as of March 1970)'

Comparison SE PR OP ' KP TOTAL
t 'Wm 5.o, 5.3. 5.0 6.3 5.6

L/N 7,5 6.9 x;6.3 7.4 4 - 7.1

C. ANNOUNCEMENT

Whe announcement was made in a limited circle palling'for

animated comments, but the publication has not been made available

to the pljblic.

M

N

N/M

Announcement

Sector SE SP JP OP ,KP TOTAL

U5er!, 86,114
.

58,2651 95,299
99,6Z3

1,800

275,647"

9,000"

659,372"

30,415"
Software 19,911,i101,4516.,13:31134

Total 109,538" 194;I2Z9m 101,473 284,647" 689,787"

(as of .March 41.976)

Author's comments

Unfortunately there are some erroneous results which the..authoi%.

diecoVered. They are marked with an asterisk. They might be caused

by some minor carelessness.
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Abbreviation : Survey E. /ek,

COnducted by : Quantitative Measurement Working GrOup. Panel on

Information Processing Education, Ministryoof Education (MOE).

Published under the title *Information Processing Engineer

Training Program A Quantitative Survey" (pp..0):

Announced in : October 1971.

j Period covered: 1972 through 1980.
A

O Notes:

-1. This survey. covers not only the.idemand forecast of Information

Processing Engineers but the manpower supply forecast in,many-

cases without any countermeasure, establishment of special

departments on Information Processing, steering programme

of general I;P. educatiOnffor,all students, etc. and cost
.-

analysii and effect survey of such cases.

2. The summarized contents of th'e publication are as follows:

a) *Demand, forecast of"Information Processing Engineers,

b`) Supply forecaat.In the case without any .countermeasure,

c) Effect of establishment of special departments.;
.

d) Steering programme of general I.P. education for all
, students,

e). Cost analysis of the general I.P. education progra ime,'

f) Effect of the general I.P. education programme.'

3. This paper coverb=only'a part of the above item (a).

.

A. BASIC DATA

Basic data of 'Os survey are extracted from Survey (J -2)..

as of
Systems
analyst

Sales A

engineer
Education
engineer

"--
2Programmer Operatbr

.

Total

Marsh '72.
March '75

37,'430
76,510

5,939
11,000

1,640'
. 3,1460

54,200
106,860

1 35,000
77,9206275,390

134:200

'

In this survey, "systems engineer" is defined as a generic term

combining system anal&st, sales engineer and education engineer in

the Survey (J-2).
The,item of ."operator" is Omitted, resulting in the following .

figures:

.

as of ' Systems e neer Programmer Total

March, 1972
March, 1475"

--
---

_.------

45,0 0 .

9©,60
.

54,200
106,860

1, 99,200
197,470

.

.
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B. METHOD

,

- There were many discussionl, assumptions and approachep con:-
cerning Japanese educational systems, training prAgrammes,.labour
'conditions, labour customs, computer Adtistrly forecast, etc'

However, to simplify and clerifyPthe forecasting 'method of this
survey, we omit such discussions and introduce only the outline pf
the method.

It is selfexplanatory.

t

fr

A

during 1975 through 1980 generally.

2. Yeprly Growth Number

r
r(B) / 3 = 450,610 / 3 - 15,200 (SE)

4-"(D) '77 (c)_7 / 3=%,52,660 / 3°. 17,550 (ER) ''

C(F) (E)7 / 3 '198,270 = 32,750,', (Total).
a

3!. Numbers estimated 1:1) multiplying-by AverageeYearly Gro
Ratio 1.26 miy be the maximum demand'lipit, and numbers
estimated' by adding Average yearly Growth Nutliber may b
the dihimum,aemand limit. Then we take average L' (Max) t

(Mini.),,] / 2 as Yearly ForeCasted Number. (See Table
on the following page.) *

asof ' . .SE '

u

PR TOTAL

March4.972 45,000 .(A) 54,200 (C) 99,200 (E)
March 1975 90,610 (B) 106,860 (D) 197,470 kF)

1..YeaTly Growth Ratio

(B) / (A) = 2.014
.

Average Ye..) arly Growth Ratio (SE)

(D) / (C) T 1.972

.Averhke -Yearly GroWth Ratio 040.= 1.254

(F1) / (t):= 1.991

Average Yearly Growth Rptio (` 'otal)ii 1.258.

Then we assume Afiergice-learlif Growth Ratio 1.26

7-/
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C. ANNOUNCE

Tellowing cult has bee

erroneous points w 2,ch are exp
t there may b cote

'thor's commence

*
Fiscal Year Systems xiiineer/ / Pr Mgr/ Al1

99,200
128,480
161,050

' 197,4704, ,

288,190
345,320
412,8

276:77493, 0-

1972
1973
1974
1975
1976
1977
1978
1979
1980

, 45,000
. 58,450

73,400
-90,610
109,960
132,410

, 158,710
189,850
Z27,150

f.

/

IF

.

.

54,2d0
70,030
87,650
106,86
12. 4;.

:II

LI. .10
23,030
266,810

/

Author's comments:

Usually ti means "the end of the f scat year", then

"fiscal year 1972" means "as of M ch 1973". Consequently
this column must be corrected a- "1971, 1972 ... 1979".

** Minor calculation errors; 129,500 and 239,460 are correct.
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Annex

SEMINAR ON TRAINING POLICIES FOR

COMPUTER MANPOWER AND USERS

Paris, -st3; 22nd, 23rd tlay, 1973'

Australia.

Austria

fj.

8elgium

Canada

DenMark

Finland

France

Germany

Greece

Ireland

Italy

I .

NATIONAL'DEtEGATES

Mr.
. /

P.J:1Crawford-
Sciehtlitic Affairs, .

Australian'Delegation tO OECD, Paris

Mr. I. pitzka/
Deputy Director,
Federal Chancellery, Vienna

.14r H. Wachter
Attache, _

Federal Chancellery, .:Vi

,Mr G. Parisl,
conseiller general,
Public Administrations Brussels.

. Mr. E. Sabourin
Chief EDP,

.)Dement of National
Ott wa o

Mr. W. Rasmussen
Director,
Ministry of Education, Copenhagen

Mr. A. Saimanto
Chief of Computing Activities,
Ainistmi of Education, Helsinki

Mr.
Charge de mission aupras du Delegue a 1,Informatique,
Delegation A1,Informatique, Paris

Mr. R. Dierstein
DFVLR,
Principal, Computers Division,
DWarpfaffenhofen

Revenue Taxation,

Mr, D. Efthumiatos '
0

Scientific Counsellor,
Research and Development Office,

Athens

Mr: W. Kehoe
Systems Analyst,:
.Department of Finance, Dublin

Mr. G. Sacerdoti
Chairman AICA,-
SAGO SpA, Milan.
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Japan

Netherlands

Mr. S.. Imamura
Executive Director,
Institute of InforTation Technology, Tokyo

Mr. W.-L. Van der Poel
Professor of Computer Science,
University of Technology, Delft

Norway Mr. 0. J. Dahl .

PrOfessor of Computer Science,
Institute of Mathematics, Oslo-

.Portugal Mr. P.J.,off
Deputy Secretary General,.
Ministry of Education, Lisbon

Mr. A.-:'Silva de Sousa .

ViceChairman of the National Council for
Scientific RegearCh and Techology, Lisbon

Spain Mr. F. Piera Gomez
Executive Director,
Ministry Of.Education--and Science,
Madrid

Mr. E. Sanchei onzales.,
Jefe da la pecdi e Proyectds y Analysis,
Presidencia.del Gobierno,
Madrid

Ohlin
Deputy Secretary,
Ministry of Industry,
Stockhooth

8Witz land +lr. P..Banderet
Professor of the Computer centre,
Neuchatel University

Mr. K. Brennan
Public Service-Board Representative,
Australia _House, London

Mr. A.G. Lovick-
Bead of Personneland Education Branch,
Central Computer Agency,
London

S
United Kingdom

United States Mr. C. Wait
Counsellor,
United States Delegation to OECD,

Yugoslavia

Paris

Mr. S. Han
Director,
Institute of Management Sciences,
University of Subotica

Mme O. Noisel
Special Library Assistant,
Zavod za Unapredivanje ,StrUenog.,
Zagreb

Mr. A. Takaci
Counsellor,,
Naftagas, Novisad
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Belgium

;

2. EXPERTS

Mr. J:F. Blackburn
. Director,
IBM'European Internatiohal Centre,
Brussels

Mr. F. Bodart7-
Direatear-,
tStitut d'Informatique,
Facultes uniliersitairee Notre Dame de 1" Paix, Namur_

Mr. E.Bonnechere-
President,
ASAB, Brussels

Mr. G. Anderla
Professeur,
Institut d'Etudes politiques, Paris

Mr. J. Eabenstreit
DireCteur,
Centre de-Calcul,
EcO/e-supOrieure d'electrioite,
Malakogf

Mr. W. MettourOff ----,_ _
Charge-de .mission A 14InfOrtatiq
Ministers 4e l'EchiCatiOn nationali---
aris

Spain

United States

-101r.Z.1 Suchard
-Maar d'enseigtement,
Ins it t de programmation, Paris

Mr. E. G cia Camarero.
-Sub-direct
Centro de C oulo de.la Univeraidad de Madrid

Mr. R:T. Filep
Associate ComMistioner Educational Technology,
U.S.Office of Education, J-

-1=

Washington

Mr. A. Fineman
Manager,
California Institute of Technology,
Pasadena

Mrs. M. Henderson 4

Institute tor Computer Science and Technology
National Bureau of Standards,
Washington

Mr. D. Teichroew
Professor and Chairman,
Department of Industrial and Operations Engineering,
University of Michigan, Ann Arbor

3. OBSERVERS k

EEC Mr. J. Desgosses
Directorate for Industrial Affairs,
.Brussels,

Council 'of Mr. J.P. Massue,
Europe ComMission'of Science and Technology,

Strasbourg . 1b1-
,
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UNESCO
O.

Mr: DI% Pobukovsky
Head of Systems Analyst,
Parts

SECRETARIAT

Mr. H.P.'Gassmann

Mr. P.M. Martin

a
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