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The Computer Utilisation Group. eet up in 1958 by the OECD
Commlttee for Science Poliéy(l) in r&epénee mo recommendations of

!  the third Ministarial Meeting onfscfeﬁce. ‘ha oﬂ/its brogramme/'
' atudiea in the fields otccﬁmputevised/déta banke. interaction of O
computere and telecommunicption(, compyter mahpower edycation, - eom- ;*
" pyter utilisation surveys, efflbiency“hqdite for computpr: systeﬁa, : ; _
potential of informatien technology “in urban and regiopal plamning ‘:fﬂl
and information technologyrend its applications to the’heer%h field.-

. The preeent regort.ﬁighlights policy issues concerning the

treining policiee for ¢0mputef menpower and users, and consieta o%

two parts: p o L !

s ﬁq T« The etatemfnt ot conclueio s adopted by the Group of -
A ’ Experte in\thip field (meeting of 10th and llkh January, S
ST 1974). : " 2

fI. The background reports submitted at the Semin r heid in
" Paris on alat. 22nd and 23rd May.1973..

_ " The viewe‘exgreaeed in the background‘ieports are\thoee of the

authors aione and do/not necessarily reflect those of the Group of

~ Experts, their governments or the OECD Secretergat The conclueions

of the Drafting Grotp whose nemes appear orn the attached 1list were
drawn up by its membere and. conaequently do repreeent their collective
opinion. However, /they hayve not been. co-ordinated formally with
Member governments and they ehould not therefore be construed as
q\\fituting the official policiee or opinione of those goverrments.
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‘;' " Modern 5ociety i's noy beginning to realise that uome growth

problems aperently cannot be dealt with on the’ ba;Is of old formulaS.ﬂ
Until now, & certain me’ lure of - phyoical or human resolrces was avaif—
able’ and the/fough ap roach in order to meet increasing demand was’

.+ .to draw on-théem in pr portion to requirementg. The shortoge of

. resources which 1s-npw making itself felt requires a new formuln for

K grouth, an .a possi 1e solution wouid be to find éan approach which

Wwould hav a multiplier effect o e resources/requi&ements ratio.

“'This cah /presumably .be achieved by et;er orgahioatlon, uince the

‘

roblem oonfronting modern §ociety a%e increasingly inter-o

)

and moye methodical” handling may be- 4xpecfed to optimise the

it uses little energy, few raw materials and does not’

physical environment, whiie it draws on intellectual

* ratlier than physical human resources The problems of training in-

in ormatica. which arehlarge]y neu(ﬁroblemo. shbuld therefore-be a .

Jjor ‘concern; such traifing should teach people to nfake the moo& -of

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

may involve. o . .
The introduction of this systemised training can no longer be

delayed, since otherwise the advantages:.df the informatics tool will

decline ds falt as 1t comes into wider use. . ‘

/ The computér's growing workload means that an ever increaaing LY

emount of resources must be used. The overall costs » of hardware

and eopecially software - are rising to such an extent that adequnte

training which can minimise these costs 1g of the utiost urgency .
Moreovér, 1t will be realised that the higher the level reached

by educaﬁion the greater the production and demand ‘for inform e

Q ‘/v .\‘ - -. :- .-11._ . 11

14




The neoult is the exponential growth of the amount of information.
available. which inevitably raises the question of how to select

. .- This new problem is not only one of technology but faﬁ more

of how informatics s ould be used in all ‘discifplines, iae.vof how /
its methodology should be: applied in each . g
KB” Considering, therefore, that: < ! oo
-~ the scope of informatics is rapidly increasing; A /

.= it is becomipg a part of all human Activities; s
- educational aystems are subject to “certain constraints,’

‘a broad, dffective curriculum of general ;scope should .0 promptly -
drawn up providing initiation and inotruction An the methodp and.
techniques of- informatics.. . »

.~ +The various training programmes should ngt be approdched from

a purely vocational agpect. Since informat}cs is "the stience of

the rational processing of information regarded as a knowledge and’
communication medium in- the technical, economic and social fiélds",

it has a cultural as well as technical agpect and its developument
can be compared to the spread of literacy. Training can therefore

be divided into three interdependent categories*

-v .i . [ ~

- a) Educational and general cultural reguirements . :
\
o Citiz‘eno: our modern countri¢s must be madé constantly aware

that informatics exists and is needed by being shown how it can be
used, what it caﬁ do and what its limitationo and dangero are.

a

b) fraining rgguiremento for users ‘

needs of each human activity should be taught enabiing people to uaq
it in tﬁeir work. -

c); Training requirements for computer technicians .
’ Thé purpogse here'is to trcin opecialists whose main activity is
connected with informatics technalogy and who ar¢ also concerned with
tho problqmo to be dealt with. ' .
. Informatics training for users and for specialists alike has
JPMOat always consisted.of cdurses deating with the structure and
pération of‘computero cnd with one or more programu%ng language.

S e As thovmethodology of informatfcs can grootiy affect many dis-

"ciplineo. it is recommended that it can be inéluded in all types | of«
courses rather than taught as a g,pprqxo 5ubgcct in ‘the, genédral
«curriculum. - .
- . Informatico is a fundamental science whose ﬁain featurea are
its obdect i.e. information, and ita methpdology, eopecially model-
building ‘ . . :

. A [y
' : 13 .
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what is relevant. : . ' '/

' Enough about the methodology of informatics, meoting tho apecific %
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— Owing o rapid advances made by informatics in many countries,

&
) ties der the national education system. N ’
Qi’rhe cost of developing: and improving facilities for prgtiding
' training is. high and some countries are not equipped for the purpose..
;}f@ . The more experienced countries are therefore asked to encourage and '

ERI

[AFuiTox provided by ERIC N

“be effectively trained in inf matics methodology. » o i
. The introduction of infozzatips at all educational levels "5_ ) :
ed in informatics\methodology as AR
“applying.to their particulan discipl : . ; i 1
‘Owing to the urgency of he problem, it\is essential that prac-

1ng teachers be retrained, otherwise a grebﬂ deal'of time will pe

wasted . f\
W

TR L A

co! puters and/or programming languages, but should broadly
#e problem of imparting a knowledge of informatics methodolog_h
students .in terms of the various' disciplines which are taught.f;
The handling of informatiﬁg by the- -computer’ is rapidly grow1
and will increasingly involve a l citizens of a country in varying
pe%sonal degrees. If‘this prbcess is to take place in an acceptable
and reasonable way, both public and private ‘enterprise must realise
that they have an obligation to keep their customers informed of the‘ _1 b

requires that. all teachers “be traij

e consequences of\present and future developments.

’ Puglic and private organisations which are or will be using .
electronic data processing systems Which might involve the;general
public are:advised .to make. far greater use of mass media techniques.
(television "radio, films, publications andalectur S, etc.), which -
can*best inform the general public of .the implicatio s and advantages

of\modern datavprocess1ng techniques. R !

computers were introduced before a system-could be 'set up fpr training
manpower. Training in t;;ﬁuserof computers was therefore prOVlded for
some time hy the computer industry.

" This‘type of course is not only useful fqr training 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-

support“measures for setting up and promoting facilities for exchang-
ing informatics training expefience.

Infermatics and the way in which it is used are rapidly changing.
Consequently, all those directly or indirectly connected with this wr
field need to undergo periodic retraining to keep abreast of steadily
changing requirements.




a
s

' It is thereffre recommended tha't: all 1evels of tralning h;r) .
. ",in'formatics be gularly examined in’ the light of contmuing e(i’uca- :
a:}‘;*g tion requiremenis, with ‘the object of malntalning and improving
national and international skills in this field.
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CHARACTERISTICS AND GENERAL TRENT{’\\\\\\\K\\

by
' Pierre M. Martin’ \\‘.
OECD Secretariat ' N

/ } /

i . ) , /-
. i /

% > . "

art of our daily environment,’
tifity and often insidiously

; Informatioé forms an Lntegral
pabmeating all brdhches of social
" invading indivi@pal privacy. An es bntial factor in a qountry}s
dconomy, ..:."it seems certain that/ between 1970 and 1980 it will
become thg/fhird world industry aff r oil and motor vehicles".(1)
The OECD countries’ interest im the training of computer man-
power and users stems from tﬁe/faat that severa% countries have no
policy for training computer. dpqg%alists and even less for educating
| users an the public¢. Many déciﬁion—makers at all levels and even
, some specialists are still ap At epnsider informatics as a tool for
/_ making speedier calculationsaaﬁdﬁpahdling more statistics rather than
/ a methodology for generating new&dbncepts._ -

To meet th% pressing demand for immediate results.make up for

-1 the .shortage of ‘teachers and experts.remedy the lack of any govern-~
ment computer training policy and in order tg improve professienal
standards, computer manufacturers at the outset pla&ed a decisive
role in computer training. Based on computer utilisation, courses
.were intended for specialists who often became depefdent on a given
type of machine, with the result that the educational aspect of '
informatics was completely ignored. The manufacturers introduced
figid 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 increas-
ingly less to say in decision-making and are concerned with only
technical matters. The result of introducing informatics into the

f
l

1) "Une politique communautairé de 1'informatique", SEC(73)4300,
Commission of the European Communities.

llej}Z‘ - -19 - | 17
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public and private sectors has éenerally been that information and\\
its processing have become centralised and increasingly powerful _f\

‘computers are being used on the strength of!GROSCH's Law, which is'®:’

that: YThe power ‘of a computer is proportidpatg to the square of
its cost". To extend centralisation to all fields of computer appli-
cations would nqt seem to be desirable owing to the danger of social
conflict. \ \ l AR kd
It is fitting, before starting this study, to differentiate
in the word IN?ORMATIC (Computer Science), two words which
_-are ORDINATIC and USATIC in drder ta clarify the problem.
The syntactic ang semantic azgfcts of these two words are, for
* the moment, secondary, the essential being to distinguish twa
types of people who gravitate around the_ electronic computer,
representing two very different types of training. )
"L'ordinatician" ig a computer specialist who works in th@'
research, the comput;r operation, the programming, the . system
design and who recei es a high technical education.
."L'usatician" a concatenation (mixture) of "user of" or
"usager de" 1'informatnge7, is. a‘doctor a sociologist, a
jurist, a town-planner .D\ and must be able to conceptualise
his specific probleml in terms of what the crmputer as a tool
can dob. .
" The following is a rough diagram o{ tha development of computer
Fid

\,'*,

manpower requirements Lo Al N

Informatique
Ordinutiguo Usatique

Eltnatits ‘ Usaticiens

(Nembre) . ) . ) Usaticians »

Menpawser .

(Nombara) o Dévatopsement (y
. parc d'ordinatey

Oevelopmont of

compuler stptk

Ordinaticiens
Ordinaticians

\\ . Tamps « Tima
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- L _ .
orn act;yé,ihter‘st in computer

7,- /
- +

private nstitutione along the lines of:

~_DIFAD (Data—Hrocepsing Institute in Germany) which has.
set up a Commitﬁ%e for examining students from private
1nst1tutes- 4

] continuous training of teachers, especially in usetic. N
The pr9 lems of teacher-training vary ¢onsiderably according to
the state of the art in OECD Member countries A distingtion ehould
" be made between t;g/types of country, namely: ~ v Tt
_ ~ the more advanced countries, which need to slow down training
in ordinatic and speed up that in usatiec; - . L
- the g¢ountries where informatic fﬁ less deéveloped. Thes ’6oun— >
tries need to speed up initial ordinatic training w the
help-of'manufacturere under the supervision of e authorities,

introduce usatic. _ A R

Public surveys are needed, moreQVer. to-

{6r training in the educational aspects. E
.1 to 4(1) taken from,a n"National éurve

termine requirements
1nstance.‘the tables :

show how people feel about computérs and their .use. The enqu
conducted by Lieberman Research Inc., concerns only the U ed States
and dealq with a sample of 1,001 persons over 18 years old ques
by telephone for about 35 minutes. ///T}ZV
\
) " - yaEay

* * B -~ -
érdinaticians must have a certain number ofl"aptigndes"ﬁiﬁ;“,
knowledge concerning certain tasks to be carried Qgt d4nd certain
functions to be aesumed. The following, not necgé)arily complete liet

is based on: e 4
- ﬂs’éJst of tasks contained in the OECD eport DAS/SPR/72749,
amended by Van der Noot(2) and Aoditied und- Jeneen and

w. Rasmussen(3). (The 1ist contains 101 elementary tasks),

- a list given to the Secretariat by Prpfeeaor Teichroew at the
seminar held in May, 1973. It includee 114 "tasks" and ."ability 2/m\
“.to's" or "kn0wledge s". ' - -

e

'

1) See Annex pp. 37 to 41. /gf‘~
2) Special Advisor, Ministry ofV?ublic Works, Canada, T
Qo Director. Minietry of Educétion, Denmark %& v -~

s .~/ o an
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17.
18.
19.
20.
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. Communicate with others verbally (in general)

. Co-operate and work effectively with others.
- Perform tasks accurately.- ;//y

. Initiate

ALl the aentencég/f;gin with "ability to":
Programméiin file-g 1anguages‘(COBOL,‘RPG)

Progrﬂgggju

yseZand evaluate diffa ent software"ﬂgg;igg;ions packages.
Revise existing programmes

Use direct or random file technyques
‘Create maintain and interrogate\ fi
Design and use decision tables.
Design ard use run and grid charts
Write detailed programme specifice "ons.

?resent in writing a summary of a proJect for management action
(suitable tq serve as a basis. for decision)

Prepare' cleat and suitable documentation (programmes and program-

ming procedures. systems, etc ).

. Prepare effective user documentation for either a portion of a

system or an entire system. T A

S
RS B

v
(8

- Manage other people.

Accept responsibility and in/tiate action.
Train and develop subordinates.

29 elp the user to compile and analyse data. o
36. Initiate the user into data preparation methods.
31. Initiate the user into output- :nterpretation. ~

the user imto the use of mini- and micro-computers
and terminals.

- Help the. user to define his needs.
. Make the firm's staff aware of the’ computer's potential.
. Inform those responsible of the_ problems involved in collecting -~

private data.

1

-

X




42,
43,

46.

52.

53.

54 .

55.
56.
57.

"ERIC
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Predict alternate /future behaviour of individuals and greups

45.

36. Help. to introduce cgmputer training and awareness policy in

the firm or organisation. ' .

(e.g. predict in viduals' reactions to operating changes). /
Articulate and-dgfend a personal position on some important

issue of the impact of information technolegy and :z;tems on

society (important as defined by Congressional interest, public

pess and semi-technical press, etc.}.

Complete assi ents on time.

Work effectively under pressure. \
Motivate self and others.and create in othérs a willingnesa

to discuss problems. : o _ )
Work independently with limited supervision. ' '

Formulate pnd solve simple management science type models
(linear pryogramming, dynamic programming, queuing and simu-
lation).

Recognise the appropriate management science (operational

research) models for situations commonly encountered.

Identify in an on-going organisatiobalgsituation the key issues _,//
and problems of a given functional area (production, finance,
marketing, etc.).

Describe and identify 1ndividua1 and group behaviour (e.g.

describe and 1dent1fy 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. . .

Apply the’"system.viewpoint" in depth within the organisation
structure.

Delegate assignments and review the results of asaignmentsz,;
directly under control. - A
Identify possible long- and short-term effects of a apecified -
action on organisational goals.

Anélyae communication systems (estimate line and terminal
requirements, volume and message length, queues, etc.) .

Evaluate system-performance and make needed edjustments to

system after implementation.

Determine the major alternatives in specifying an information
processing system including data files and communication

structures. ) .
Make "rough cut" feasibility evaluations of proposed new ;
techriiques or applications of current technology. //////
Analyse and evaluate different hardware configurations. ]
Design software and hardware cdnfiguratione. >
Handle a number of assignments simultaneously.

- FENC
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58.

interac¥ive debugging facilities (available through a time-
sharing arfangement such as Text~Editor).

60. Perform etonomic ‘analyses (cost/benefit studies) of the proposed
resourceé commitments for a project.

61. alyge and determine coat/benefits analylia od project (inform-
‘ tioA systeh) to user. .
62. Calculate cost/performance trade-offs in a system.
63. Develop positive and negative impacts of a specified information

system on specified' parts of an organisation.

View, describe and define any situation as a system.
Plan and organise work assignments. - ,
-Propose master plans for an overall computer policy in a firm
‘or organisation.

The following part deala with a knowledge of the concepts and

reas set out below:

. To assist in the rating process . it 1s. suggested that an individu
who could prepare a "technically correct” paper of about 500
words would be considered to rank ‘as "superior",

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

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

‘68. Communications access methods and their general featurés to
support“terminal/teleproceasing applications. R

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 Ytypes existing on the open market).

73. Operating systems (including scheduling algor%thms, memory and

ripheral management., interrupt systems).
Ljji&f’:jcro-programming, multi~programming and multi~pr0cessing, time~

P

[E
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sharing operating system (concepts and facilities).
75. Queuing structures. : . .
76. Job control langtages (coding and techniqueg).
77. The "inner wopkings" of comp rs, interpreters or other
translators, //;é ’ .
78. Multilink data atructures (@rees, multilist, inverted list,
" networks, etc. ). ; - .
79. Data gathering techniques (interviewa, etc.).
80. Refformance evaluation techniques (simidlation packages, hardware
“and software monitors). -
ﬂl Mini~computers and ﬁicro-computers.
82. Publlc and private data banks. -

2 .
s

‘o 22 o - :

e
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83, The need for security in programmes, data storage and,work o
flow design as well as phyaical prot}ction of programmes and
. data. ' :
" .84, Computer impacts on industrial, clerical and managerial positiona.
85, Elements gnd relationahipa of information ih”various functional

segments of the organisation. b /“
86, The computer 2nduetry with regard to growth patterns, competition
and government regulations. v 4

¢

87. Sources forupdating knowledge of techn logy. )

W“BS, "Outside" computer services (inrormation concerning consultanta,

o software houses, application packages, etc. ). /

.89. Corporate policy and lines of autKority and responeibility.

90. Standardisation practices in the computer industry.

‘91. Project planning and control tools [fechniquee for project
scheduling and controllipg (PERT), critica;bpath methods (CPM)

etc./. _ , .

92. General systems theory (open - closed eyeteme, system boundaries,

feedback . concept) . LN
93. Accounting practices and procedurea and models for inventory
dontrol. |-

9. Elementary atatiatice and fundamentals of’ the probability theory.
95. Matrix algebra.
" 96, Differential calculus for optimieation

‘97 . Set theory., . o . :

98. Potential dpplications of automated proceeeeslror eociety. .
99. Professional data-processing associations. g

100, Charnges in employment patterns &s a result of ‘automation. .
191. Calculating manpower needs and recruiting.
I02. Flow chart operation.

103. Division into part systems and routinés.
" 104. Studying and selecting existihg routines.
105. Selecting requireg programminﬁ language.
106, Desk checking programme logic.

107. Programme file organisation. ‘ 5

108. Programme file description. - :
109. Debugging programmes.. ‘ : /
110. Programme and file storage.
111. Preparing programme and operating documentation.

112. Eetabliahiné p;oceduree for programme execution.
113. Describing ‘automatic and manual procedures.
114, Establishing operating standards.
115. Organising activities of EDP-records library section. S
116. Preparing operating statistics.
117. Preparing programme machine runs.
118. Defining requirements of the control system. )
. ’ : : L,

o i / 53{3“" /
Ric a5 . S/

. S //// . /
q : i /
L N - . _, /




:
X
\,
\,
:

4 \
A " : |
j .
" . fes T .
t _ 5 |
; y
3 L, -
R & - 26 - .
ERIC « ,
o> 1 o T )

" e

119. Supervising the machinery and securing negessary maintenance.

.

120 Taking responsihility for punching (by hard) .and -verii:ying.
}21. Supervising‘ the activities of the "Programming" ‘Section.
122, Supervising the activities of the Software Section. ,
123. Supervising the actiVities of the gperat‘ing Seption. et
’ - : ¥ R / S

* * // . . “ﬁl - ..

~t, / ’

“Reverting to the division of -inférmatic {o usatic’ and ordin-"
atic manpowzr need}usually seems to have bee /overea}:imated, ;ince
qualitative changés have aeldom been taken/ihto con (derat,ion Many
forecasting stgdies have thus been made po/ ‘determine compuyter man-
power. requirements on the basis of the /i‘oll9ming dicators:

A. Mag machine coefi‘icient° T F .

'B. Numﬁer of computer specialists Jper million-inhabitants;

€. Number of computer specialista' in terms of the value of

computers installed. ., , /'

In every case, the increase in computer stock was use‘gd// 9/a .
parameter. the general assumptiar{ 'be:lng that there would bé ;{n annual
15 to 30 per cent’ increase. - . "/

The following are a fey{ examples of t’heee estimatesy

A. Man/machine coefi‘ici’e/nt . . < v e
' : ' ’ A 4
‘ NUMBEK OF COMPUTER SPECIALISTS PER o/
100,COMPUTERS IN 1968 AND 1975(1) / }6/
. : rd : 4 A ;
Function mall Medium—si'td ) Large WeigHted
puters .computs _ _somputeps avefage

3 /4
1968 .| 1975 [ 1968 1975|1968 | 1975 1968 | 1975

Analyst - /114 192 2/5( 403 | 546 5&45/265 340
Programmer- 228 336 585 {1,029 467 520

542 228 988 11,575 L L7321 . 860
Operator 258 272 /g 312 525 ' 305 300
600 ~ 800 100 1,300 2,100 .4700 1,037 1,160

vl

1) Study Centre for .Compu

7 /~
by U;E}isation in A‘éminie‘tration ~ "Werken

1

in de automatisering"
N. Samson, Alphen aan

ob Descriptions and Training Criteria);

e Ri Septembe;‘ , 1968

b -

- -/"
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Forecasts partly confirmed Dby the following: table(l)

o

U B <2 Y "i“972A 1973 E m97A( J
Staff  I"No. | % | No. | % | MNo. | % . No. | %(2)
ccording to| - ‘i_ A i . T U
nterpriseés: N . . ‘
-Managerial n - : - - : :
grades....|.R,698, 19 (1,833 19] 1,953 18 | 2,005 18
. Senior 4 C ’ 1. .,
" techni- [ e ‘ A _ ] )
-+ clans ...i[1,954} 22 |2,207| .22f 2,406, 23| 2,506 23
Tectnf- |’ }Yf% e ) - » | -
i ciansr’ e Q". 2.975 : ~'33 3’260 33 X 3|l‘80 . 33 |. 3,|8“3 33 2
Operatdrs..|2,341 | £26 2,597 | 26| 2,773| 26| 2,897 ' 26
y " .[87968 |£100 J9.897| 100f10612| 100 [11,051 | 300
YA Yea;lz A . , . Y . o ’ .. ‘a ‘ ,:
- variation - <0 ) ¢ o . :
: in percén- | S 1%% I . }0% G . 4%
© tage - - - . e _
- - L - k27 XY _ —
s Accordingd- R . e .
«“.to the , - "|* 9,500 11,300 [, 14,600 |- 1171300
ey \Sixth Plﬁn o L . ; |
' Yearly . ." - |. AN RPN v ' :
riation B “ . - . s
: 1nvpercen- CLL o 20% ] . - 19%° 29% 18% -
- tage I . " S N
- .

-

T 1)""L'1nformat1que dans les entrepriees'publiquee au ler Janvier
- ’ 1972", Dé}égation ‘A 1'Informatique, France.

2) The antic{pated man/machine ratio of between 11 and 12 during "
the Sixth ‘Plan corresponds to ﬁreeenﬂ of enterprises.. = '

¢ o - A ' ‘\- ('J Q "
ro :
L Bran@)i'e formula as“aet out below(l) was partly uged and I I
elightly changed\:n Japan. a P . . .
o .  'Size , + Formula . o E .
T I -
Su large . d=a+ 0.6b
& Lafr?:” .. 7| -d = 0.95a%+ 0.6b .
o » Medium e ¢ = 0.7a + 0.7b
, Small - . l, d=0.75 + 0.8b / o
. . o o . : /,«v/l

‘where ~‘a = number of installed systems .
Cegh b = number of systems to e installed-rat that >
o~ el time
) cC = adaueted number of eyateme for predictlon

o -~ Py

1) Inetitute oft Information Technology, Japan, OECD Doc
DAS/SPR/73.53; Demand Forecasting Survey of Informatidn ~ :

» Processing Engineers in Japan Compiled and Commented Yy
S. Imamura. - °’ . I W

A Jem ek

B K T.,’:'. -"‘,“,1?7&,
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PREVISIONS POUR L‘ALEEMAGNE' - FORECASTS FOR GEhMANY‘

. ’
“ Structure du personne| - Personnel structure . :
St . ,
" —————-—-——-—-—-———pusm T e o s e e G . H
40000 . . S,
420000 = b v 55 000 :
. ’ . , 7
' Y o000 B 9 f——
;o . A . )
) - %0 0od '
%0 000
. 340 000 o
# 320 000
R /
%00 000 ’
20000
- . . :
, 260 000
20000 )
220000
3 200 000
180 000- -
4 v, 160000
f‘) .
. 140 000
' 120 000
LS
100 000 4
. 80000
" . . ‘
) ’ - 60 000
[ . ®
40000 p
20000
0 :
P S )
LN * Persennel do Anslystes srgenique v iy
direcren o1 fenctionnels Pregremming Muchine
PN Ewecutive Stall Oryenisation {systemae . upororore A
,[;’ ” . anelysie and deeign)
X , ;
. 117 Stuchridu plrlonn;l_ln 1970. - Poracnnel structure 1n 1970. [vq'»
1 Structure du personnel prévue on 1978 {estimaiion minimele) fiad
Expacted personnel structure m 1978 {minimum estimgte) .
. 1,22 Structure du-personnel prévoe en 1978 (vstingtion maximale} - .
: Expocted perschnel structure in 1978 (mesimum uvmunl .
* D'epres une étude oflectuée per ln Dr. P Meyderhall ut 14 P Gerkin de la So:ml de muhmmqun cl,k
g tragjement do donneids. v g s AR
3 A S$tudy undertaken by Ur, P, Mlydcxbo" ond Wr. %vfm vl e Sq:wsz,.JllJumuM ] mlbhn Pro:ﬂ sing
—\-—.—-/h/ . XL VP r«l» «r’*"““ SRR $ N
o, ST ~ s ) : et
( ¢ : -
‘ . 1 ' -
{ Q - . , .
- ERIC ’ o ~¥° ’
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\\\\\\C. umpeg g computer specialists in terms of the value of

[

L

;BQ NMmber of com uter\s ecia\Q

ts per ~miiiion inhabitants .

' »Acedrding to Prof Zemanek of Vienna University* Q\\
= 300 high~level ‘specialists; o ot
- 9“0 univérsity: graduates. L o - -

- 1 500 holders of secondary school 1eaving'E;rtificate.
- 2 100 graduates from vocational courses. B

A i?stalled co mputer stock ~ N R e e T,
ﬁ\ Mr.' Engberg defines- the (PD ),relation(l) S TR
:yv - o P = pereonnel . 5T . : N v : ' . ;
. .y = dollars i . o >
. ‘and applies it to th% various countries. -
. T THE PD-RELATIé? IN'VARIOUS CQUNTRIES
The PD-relation . FoAvepage. Number Time. for
- (personnel per = . value |- .of -] the cen-
© 1 mill. US g) mill. * com- | sus . )
S - Danish | puters|
) Country s P L D Total_groner- month year
| "1. Denmar - 8.1| 8.6| 7.5 | 263" 3.9 352 | 9.70
. 2. Norway ) 13.2] - 9.4 10.0 32.6) 2.64. 249 . 10.71
. B..Sweden - 5.7} 8.0} 7.2 20.5]. -3.8° 486 6.68
o b Switzerland E . - -1 N :
. (1) 8.4 7.31.5.9 21.6f 3.6 1.060 | 12.69 R
5. Japan 7.0} 9.9] 9.1 26.0| 2.7 |- 4.224 |- 3.70 -
6. Netherlands : | - I S :
) . (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 . , v o
‘Kingdom 10.3| 15.3| 9.4 35.0f 3.2 3.875 . 3.7
9. Germany - 10.0| 10.4| 8.5 | 289 2.3 | 7000 | 1.7
1C., U.S.A 8.1} 9.5 9.4 | 27.01 2.7 45,792 6.69 ~.
S = System analysis and design + system anagement
P = Programming, including prégramme agement L
D = Operations (operators + chief punch operators) o~
1) Average value and number of computers is for computers about

[«

.4 million D.cr. .= 60 000 Us g.
\ o \.
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.
~-A 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 balis of the M/C- ratio,
the number of computers and the average value, including MINI.
The exchange rate is 1 US g = 7 D.cr. The other rates are per’
spring 1972, except for Sweden: 1 Sw.cr. = 1. 35 D.cr. (June 1968).

e - P 2’“.?
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2 puter Job Cla551f1c tlon (Table, pages 31~ 36)

The purpose of the OIIOW1ng classiflcatlon is to define the _ .
_ present situatfbn as regdrds computer Jjobs and attempt to make a’ _
synthe31s of the many exigting c1a551f1catlons o '
Column 1: Job description; . - . ' Y
Column 2: Brief desdription of function;
Column 3 A?propriat training Tevel for Job. e
"The c1a551f1cation o Educatlonal Systems in OECD Member_

e . *’idefinlng the various "evels, as follows et
. " Level 1: Fnd of comp'lsory schoollng oﬁf\ihéb'cycle of
. echnical s condary education; - o
“End ‘of technical secondary or general secondary
o . educatlon of types A and B;
Level * . 3: End of on—uhlversity type higher education,
Level ‘4: End of unlve 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 countries (Germany, Canada, France
and the Unitled Klngdom) -and it is of '
only rebativ value- ow1ng to the variety of Jjobs in~
informatic. The job vafancies advertised in special-

Levei- 2:

iprigF

av
RIS

ised newspapers or articles on computer manpower
wages in perjodicals (e.g. the May 1974 number of
Datamation) e used to calculate the coefficient.
) The periodicals\mainly used were: the Comgﬁter
— Weekly, Computerworld, Die Computer Zeitung,
Informatique. et gaﬁtion Ol Informatique and

Datamation. \
\

. By adding the list of " bilit;\to'S“ and "knowledge of's" which
can be associated to the computer. Job\cia531fication a matrix can »
be obtained accurately defining jobs and\content.

- The job of scientific p grammer io\no longer included in
the classification and Jobs now)enkered unde\ PROGRAMMING should
ultimately. be transferred to DE IGN

. The Data administrator wi e responsitle for defining and
organising data for management and decision-making, and since the post
will become very important, a plui disclplinary 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, al - profession,: ordinatic and teach-
ing staff obtain the same status a$ teachérs of other subjects thus
providing the trade associations wiith greater influence

Q . l 28 q z :30‘|.. -
o
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1. Data Acquisgition ‘ ¢

COMPUTER JOB

\
>

[y

DESCRIPTIONS

.Name of Post“:f
: (1)

Job Description
2SS

Level of
Training
(3)

’ Codgri'

' g -

—
Translates source and turn-
"around documents into con-

L accdbted by the computer:”’

ventional numeric codes \

Xk

R

media by means of electronic.
or mechanical equipment. °

used and is capable of ' pre-
paring dontrol cards.
(7,000 punches per hour;
errors: er cent; waste:
5 per cen g. -
Must be ahle to adapt to
other medin (e.g. magnetic
stores). :

Transéribes data on td’input -]

Knows "the various card formats|

T e

Verifier
operator

.

Verifies the punched card by
means of electronic o mechan-
“ical equipment. Must be -
capable of verifying 8,000
punches per hour. Must not
overlook any discrepancy.

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 ouvt 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 wqrking
atmosphere and is responsible
for training beginners.

(1 plus?
experience)
2

200

I1I. Data-Processing Environment

‘Data
clerk ////

—

| Has a very good knowledge of
control a

filing systems and th&struc-
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)

LoD ww
. 650

,Lig;érién

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

200

Aruitoxt provided by Eic:
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Name of Postv
(1)

"Job Descrigfion
(2 y

(3)

Librarian -
~ (cont)

. \) -
,'/
. Vi
//’"'
P .
/

) -
U »

G i
Carries out any. administra—

’ tive ‘work for controlling"and

if necessary following-up

these operations. , ‘

Applies rules prescribed for:

- maintaining input media
ready for use; -

- preventing alerts and the -
destruction .of files and
programmes;. . . . . =

III. Operation " . °
: ===

El

= privacy.

Operator
(large con-
figurations)

Works in the computer ﬁoom.
Carries out duties associated
with the operation of peri-
pheral edquipment, 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. B
Responsible for smooth oper-
ation of the peripheral units
ne supervises. C
Carries out such tasks as .
cleaning and genéral mainten- .
ance as instructed by the
operations manager.

Operator
-~ terminals

- calculath{%

Responsible for opefating a'
terminal. o

In charge of filing apd test "}

data.

Should have some general know-
ledge regarding the use of this
small computer (book-keeping,
statistics, etc.).: .

‘Console
operator

Works in the computer room,
under the ultimate.authority

of the -cperations manager.
Responsible for aperation of
the computer by interrogating ©®
the operating system. " .
Endeavours to optimise computer
operations as determined by the
system's resources and the type
of work .involved.
Co-crdinates’the activities of
peripheral operators. .
Analyses and interprets mes-
sages enabling him tg;

= control operation of the
system;: :

- take eny needed actics or
inform the operations mana-
ger in the gvent 6f an alert.

Advises the operations manager
when decisions are taken o 1

Receives training needed fof th
particular job.

|

— //;>’.’

erts,

ERIC

Aruitoxt provided by Eic:

3

/ T ¥ S




(S

Name of Post
(1)

"'Job Description
. (2)

Level of
Training
(3)

Console
operator(cont )

-B Level.

A level plus:

~ Multiprogramming, real time
and teleprocessing tech-
niques;

~ Considerable previous
experience.

.
2or 3

(plus
experienge)

RIS

. .C Level

A and-B levels plus:
- Administrative skillspy
~ Teaching skills.

‘
/

.
4 e

Operatidns-
manager

. [Helps in formulating !

TFu11 responsibility for

computer operations.

decisions concerning staff
and equipment at management
level..

Ensures liaison with manu-
facturers.

operating systema of equ P-

' '|1Is completely familiar w h
B

ent used.

o or b

- 7| experience)

400 to /750
according

to site of
depgﬁtment

: o L3 -

Iv. Prqgramming

: Programmer

|agement, science).

3pplicationa QAJ ra

rites programmes in lebolic
language (FORTRAN COBOL)

Handles -simple

Documents his programmes d
ensures their maintenance.

- 220

files and progral

Prqgrammer analyst

taking simple t

. 2 (plus

W

expgrience)
T m—

0 - -
C.Level

- |Helps to train A and-B
programmers. - »

FUnctional

Plans, organises an
the prepdration of
Co-ordinates the
and B level programmer

3, 4 (plus

experienge)

350

V.

X

Desigg
Analyst ‘

"|Systems analxat‘\\\\

Conversant with operatin
systems and programming
techniques.1

ERIC
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' . N Level of '
Name of Post ° Job Descrigti;n ' Training )
(1) - (2)/] (3) = (4)

14
Analyst . | - 7
(cont) . , ' o

__..-.—____—’-’--'-—_..-_..-—..

A Level ’jyy”Formulatés\and gontrols 3 280

. new applicationg~. .. . - . : e
Prepares techn cal notes . o :
and applicati rgcedures. -
Is the link b twe h the
' systems ‘desifner and the’ S ‘
programmer o . k ' .

§ystems’prd3ect msnager ) o A o

B Ljvel .| Is a technécian who has 3, 4 - 7,7 360
- | complete phastery over the. ' N

teohinica} phase of systems
,analysi and is capablé of.

- hel;%hg, together with an.

engineer, to solve the ) o 7
, proplens he defines; " ) o .
* : - he ping to introduce new . .
. . odu and relevant ‘ - '
- . fedures’; - . ///77
3 - rAniging meetings for - o
; /atu ying technical p - ’ ) o
o - -l “ lems and needed* liaiggh - S
;. - 17" between the various - : .
services. ‘ 47 '
- searching data and promoting .
the generation of new data. &
- 1 —= preparing and submitting &
.- . . summary technical reporta
. on his work. -

C Level Systems designer, Project
. ( I!_a__
. eader o

v \\\ 'Planl, organises and controll | 4 . 500

- . ° . the activities of a team of ) o
« alysts and programmers work-| -
. ing on a specific project . ’ oo
{such as a data bank). . o

/ Co-ordinates his activities

z with those of other sections.
Prepares specifications.

Head Responsible for Computer 3 or 4 400. to 700

Computer Department (computer up to accord- according

Deparfment 64 K octets). ] ing to to size of’

Thorough knowledxze of equip- size of configur-

ment and managerial problems |sconfigur-| ation ‘ v

n the enterprise. ation :
ans, organises and controls

all Computer Department

: « | activities.

L . Acts as adviser to other

: departments.

Data-pro- Attached to General Manage-- .4 700 and

cessing: ment . o over .
. . manager : Has the same tasks as those e e
: i : : of the Head of Computer - | X C
. L » “Department.z MR | o
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Name of Post
T (1)

b

- VI, Othgr Posts .

Job.Descrigtioﬁ

-

Level of
Training
(3)

" Technical
sales repre-
sentative

)

Fully conversant. with his
sgompany 's eduipment’, helps
the customer with its in-
stallation and instructs
hin'in its rational use.

3, 4

' Sales repre-
sentative. -

5 -
- ”

\ )
A ‘4J¢/

it o
'

- Wwith customers.

.Fully conversant with hig
. -company 's productsafid {f
possible with those of
s other companies. i
& 8 skilled salesman.
Hedps to prepare the speci-
fications and current-appli-
cation systems. )
Maintains regular contact

”

—
Maintenance
enginéer

! 3
-- "\" -
evel .
S

A

B Level

3

Determines the causes of
breakdowns and carries out
any needed repairs.,
Regularly undertakes pre-
vegtive'maintenance.

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

J

Sameﬁﬁhties for more complex;
conifigurations.

Both posts require consider-

gble experience.

-

Systems
programmer

Seef’ that the best use is made|

of the operating system sup-
plied by the manufacturer to
the user.

Assists the other programmers

3 (plus
experi-
ence)

and helps to prepare operating
nstructions. ’ .
ractical experience of consol
operation. i

Systems
engineer

Fully conversant with program-|
ming, design of the operating
systems and computer structure

Advises systems designers and
analysts and trains operators.

Conversant with all computer
techniques (languages, oper-
ating systems and compilers).
Capable of using real time,

. : : multi-programming and tele- ..
Y ’ processing techniques.

| This is’'a highly teéchnical
poat which requites consider-
able exper{fnCe. g

Computer
angineer




o
)

|

L o -
Lt , Level of
Name of Post Job Descrigtion Training
RS (2 (3) O
] -
"Au&it Kpowledge of business &4 700 and
management management and organis- over
~ tonsultant ation. 3 .

ERI
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.abbut 13 per cent."

Thorough by trained®¥n data-
processing (hardware and
software

Prepares studies pridr to
computer installation and
use.

Supervises the preparation
of specifications.

Works outside the firm.

¢

. Since programming Jobs are tending‘to decrease, "Programming
Inatitutes" ahoulq change their title and/or the content of their
training. .

. Manufactuqers and users should ¢o—operate more closely in
" training ‘Brdinaticians. o

» The lack/of any overall policy in the firm o m-creates a
gap béﬁween tecﬂnological possibilitiey and g catioﬁa, and leads
to overstaffing. Since the general aj itude {'s moreover changing
from one-of euihoria to strict cost aﬁcounting, the sometimes\ long
waiting perioﬁ b&fore the educatiorfal system responds should Ye cut
down so that’ supply can be adjusted to.demand.

. The existence of multinational enterprises, the/aetténg up of

o "Computeriaed Eugppe", “the gradual shift towards sophisticated tech-.

nology should promote the introdu%tion of a type of modular instruc~
tion common to all countries, with internationally atandardised
curricula ‘and terminal diplomas.

» We may easily quote from:

Profegaor 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 attltudes."

Professor Teichroew:

"Large surpluses in supply are to be éxpected For }nstance,
in the United Statea 170,000 people are trained annually in program-
ming. For thd’population of 560,000 concerned this would involve a
riew..entry rate of 30 per cent whereas demand for programmers is

-

-

W

Professor Hebenstreit:

‘

1. "It is more important to train teachers than to lubaidiae
the uae/of equipment.”
2. "Exg¢ ent students are being trained at present but they

are only students."”

- 36 -
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o COMPUPER’SCIENCE AND THE QUALITY OF

FUTURE COMPUTER SPECIALISTS' EDUCATION

- -~
' - ’
. P .by
° /, Gerhardt sdegmuller(l)
Direktdr des Leibnizf Rechenzentrums der Bayer
o : Akaqemie des Wissenschaften

_ Mtinchen (Germany.) .
¢

-

COMPUTER SCIENCE AS A DISCIPLENE o /4( 7

Arguing about computur apecialiata' education i: of no use if
1t does not take place within_the proper centext of a common under=
standing of what we mean by the term "computer/s ience" (or 1t5 .
synonym "informatics"). Let me suggest a definltion* ,

Computer science’is the discipline whioch’ deala with

- the ropreaeﬁtation.

-'the actualisation, A o

-~ the properties, and N .

El

- the construction S , -
of algorithms with apecial 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 1little on the four points. ﬂ ;
? ment{oned: ‘ '

First let me talk avout thinga covered by the term representa-
tion. There apé three subpoints:

——

,/

SubgointﬁI-
is covers fechnical aapecta of languages,
| such as syntax,
} aeyantﬁcu.
T piagmatica.

3

B

1) Lecture éivpn at the OECD on 6th October,’1972. ¢ ;
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Subpoint 2:
These are klnds of
wti.describe-only by exapples* ‘Let me g%ve two Very short ones:
_ ‘Example 1: There is the good rule that the jintuitive meaning
. ~0of a sequence of symbols in a programme should also constitute
~  the semantics of this piece of text, e g 7phe sequence
f1+5‘ — .
‘should not mean division of the variible/s y the floating
. point number-one, etc., instead of i sﬂ%nt itive meaning.
~=--""" one could call this the rule. of immedi te comprehenSion.
. “Examgle 2: Another good’ rule is tha /si : ‘
-constructions should correspond to sjimple semantic situations; Vv

'\\“/ complicated semantic situations. /. . .
' - Following this rule one gets an j diate feeling for the

Subpoint 3: o ..q D ‘ . ' .
This point. has some connection with’ the previous one. It deals '

with what nowadays is called structured p ogramyping: language w{j/
elements should be structured in such_.a programmes

explan-\

o ation. I. think here of the work of people ike Dijkltra, Hoare,
' ¢ Wirth and others. It is the mast powerful nd promising approach
v to the testing problem known thus far. It s*ﬁ’hontrivial
; ‘version of the paradoxical sentence, thdt programmes are
error-free if,’ nd only if, they are written correctly from
: " ..thé very b nning. - i

} .
. do/mu 1 about representation of algorithms, 'Reprelentation"
looked at. it this way, is a wide field»in itself Languages. deter-
mine the rails of algorlthmlc thinking. eThe sinclusiion or exclus*oh

of certain language function may decide the fate,of an application
area fo -the next 10 yearl' (Exdmple- AﬁQOL 60 and string handling

in Europe during the sixties). ° , X € e »
N Let me talk now about things covered by the term actualisation*

: Again, three subpoints should be mentioned for_ illustration'

= -
- ) .
= ’ e . J ? 4 \.

N / R .43 - : .
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Subpoint 2:

Aruitoxt provided by Eic:

Subgoint s

Subpoint -2: » o

Subgoint 3:

" - moreover, must always be viewed with regard to the continuation «

sketch by means of another three subpoints; e -

Sbpoint 1:

_of the programme text. e /

’

This covers~the: area of how to subdivide the functional unit

called computin ¥ tem into hardw re ‘and software building

blocks and all the trade-offs invdlived in. such a process.
]

This is the area_gf,how to choose pr mitive. pr ogramming
functions as a basis for the build-u which f\kea\place in
-each programme, e.g. how‘to choose an|instruction seb. Of

course, the same is true for micropro ramming \\\

.

»

In order to get a programme executed it has to be embedded N
in a certain functional environment. Therefore determining
the function sets of general purpose o erating éystems and’
of special application Systems is an important field whieh,

of these functions into the .surrounding| human organisation. ‘.

What is meant by the term progerties o«@algorithms I want to

This covers the area of determining the dynamic behaviour of -
programmes with respect to 1/0, 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. '

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

nt 3:

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. Similarly, one could identify
natyral checkpoint-restart properties of a programme.

46
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Finally I am going to mention some. areas covered by the thrm
construction. - ll~\5~ ; ;
. N . . A‘\"\ L
Subpoint 1: ' : R T '

& .
S It comprises all technical and managerial aspects of programme. ’
» construction, €.g« : %
‘~ choosing ia language, or, if necessary, even making one before
starting, and - - .
- gtepwise programme construct on after identification of the
S -,fug;.cgi,ons,,needed 3 sand }\\ ¥ .
- = verification of.the correéctness‘\of the programme by careful
tegting; and S : ‘ .
- optimising a programme bytapplying\rule like- "... have the
function .as far inward as necessary and jas far outward as
o~ - possible «es™; and : ¥
" < covering special problems with very large systems with many
functions, and construction support systems, etc.,

3

,Subpo:lent 2 : _ )
, o ' It has to do with environment 1nterrelations while constructing
o o algorithms. The following issues are of importance here:
a) - How to werk through a new problem ared such that an
’ algorithmic solution becomes feasible at a11° -
b) What are the- implicat ns of the algorithmic solution /
" for the environment° & does the situation change when
the computer becomes .an everyday companion in this
environment? - N - o
c) What are long-range changes in life-qualities for many
people as soon as the computerisation has reached a certain
integration level? B ’ .

g ~
.o

This leads me to a general remark on what the application aspect
of computer science is a11 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 thimisation over sets of possible realisations.

a

THE QUALITY OF EDUCATION

>

B

»

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 a-fact that everything around computers

' has to do with large quantities of all kinds of things: speed, °
paper, punch oards, bytes/second. people, money, etc.

o=
L

) o 3 - _ -
ERIC © °. qres o |
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Second observation: There is a ﬁaoid change of environments,

equipment, techniques, people, etc.
,(Observations 1l and 2 together with today's non-automated way
of systems building nhave the consequence of an enormous repro-
gramming and conversion effort which is continuously ongeing.)
Third observation: Problem areas seemingly unreliated in.the
past can no longer be treated independently There.is a con-
- siderable integration effect. o
Fourth observation: There is a wide spectrum of the ways and
of the frequency of using algorithms from being tried only
»/once (and perhaps neveb used" ‘for productioq) 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
Lnra or for the sake of (so-called) "slight" functional changes

The duthor believes that the change in the human scene by
compdters will be greater than by dny other human invention in the
past.

E

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

Tl a) have excellent'hnowledge of one or more problem areas,
o L besides his knowledge pnoper about computer science topics:
" and , ) '
b) see implications, interdependencies} constraints, fcr-
reaching cdnsequences in human organisations; an&
¢) himself have _programming skill like a mudic composer; and
d) be resourceful; and
e) Dbe very good in communicating a@and cooperating with many
other people, i.e. ideal for teamwork; and -
f) have a well-balanced attitude towards efficiency.

a

e
This is the "superman" many ifistitutions ;re watching 'out 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 Jjustly
ask from the computer specialist is, of course, that he contributes

towards solving these problems. .

. . . ,/
' UNIVERSITY OUTPUT AND COMPUTER SALES
n ‘

How can our educational institutions provide for such top
people in such large qugnhtities? Do we really need so many of them
so well educated? (Thef author tends to answer the last question
with an upconditional es" )
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Our stenderd Europeen universities (When they hlve "completed" ,
‘their internal staff and teaching material selectIon) have_3 certain
" output rete\yhich, per "bigh university. will be roughly 100=200 .
people/year. These people will not be of the k;nd described above. A
but they will be educated with this ideal in mirmd. Perhaps 5 greduetes
per university and year ma ectuelly come close. to the ideal. “On the
other hand there is the rapid dissemination of computers over our
countries which will necessi ate the employment of a multiple of the
number of people {he universities can produce. : .
There is the well-known migretion or diffusion of employees of )
':completely different and unrelated professions (e.g. bakers, truck~
drivers, butchers, secretaries. salesgirls, etc.) into the computer »V
environmept. Often they‘are encouraged to do so by irresponsible
priveie/éthools and companies’. They. st art with 4¢cereer as an.operator,
: becomé (after sone time) orgenisere or "epplicetions or systems pror
uixgrlmmers" and, egsin after somé time, play an importent "role in
///decisions which may infiluence. the en‘ironment of thousands ofdpeople}
without ever ha¥ing had a sound education even slightly resemblfng
'.thd contents of lectures adequate to cope with ‘the above-mentioned
objectives. (Example: Such "systems programmers" in the public admin-
istration® influencing the format and the coritents of the personal
. identification keys, in an information system covering all peoplevof ‘
a nation. *Their "edvice" producing the usually poorly made billing
systems of public and-business bodies of all kinds. ) It is estimated
that the ratio of well-trained personnel to such "underground exper%s"
is 1:8 to 1:10 in most countries with high computerisation. Because
of the expected ‘output rates of the universities on the one side and |
the ever increesing sales in computers on the other, this ratio will
become worse (with a1l conSequences,of this tendency) In the Unite%/
States the number of these unwashed progremmers" ‘is estimeted to . 0
" amount currently to 350,000.(1) - . :
All educational efforts must ‘be viewed with regerd 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: &
In the future all kinds of systems may.in the end be genereted
more or less auitomatically with more safeiy, edse of the testing
» problem, a much shorter deveiopment cycle, more possibilities
for experimentation, etc., as’ consequences. This will increase
the influence of the well-educated people and at the same timn"”'“
-7 get & large part of the unwashed programmers into their” proper”

*. activitysarea: peremeter supply and observation. ° -
S - — ’ . . N L
i) T. Steel, IFIP-Conference, Zakopane, September,1972. °
, b, . : ,
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o : soma OBSERVATIONS I‘l TﬁE EDUCATIONAL FIELD N
University education will produce two kind% of people: // y{
' -~ a) computer science majors with a minor degre in an appf{ o
’ / cation area, - o
¥ ' b) application area majors with a minor degree in” computer
3 i science., :

Application areas are. e.g. physics,. chemistry. bu51ness
°. administrations. lau,megicine, etc. The education in compufer science
will have to emphasise*flexibility, resourcefulness, ability quickly
to understand a problemﬁkfo_;pplyggeneral princigies*in the proper
way over detail knowledge, without however neglecting it.
Currently many cofiputer scientists/sfill have to fight their
- way within- inadequate mathepatics or electricaI engineering/depart-'

" ments, where traditionally the importance and the implications of
p?ogramming are grossly underestimateﬂ' As' a consequence most uni-
versities are at present unable to’ offer enough practice oriented .
courses. : K

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 field. .~
-~ A considerable upgrading ot the quality of the education at this
level is necessary. = e
o The}sitgafwdgqég even worse with the "educatio ﬂ;gtzorid by =
some companies. To quote a well-known g “*scientiet their
"contnibution":Qey/tofﬁgzglg ' as a disgrace to culﬁgre.
e i =7 T
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WHO MUST ASSURE THE. TRAINING - PUBLIC AUTHORITIES,
PRIVATE IKISTITUTIONS OR MANUFACTURERS?

4

by i ¢
Wladimixr Mercouroff .
Scientific Director of the CNRS
Head of the Information Processing Commissiop
Ministry gf Education
Paris (France)

.
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e } :
- We are all aware of ﬂfe huge /development of computers in the
, ugx_de/ade, the growth rate between 1960 and 1970 frequently C
.. reaching and sometimes exceeding an annual 25 per cent. -Although
it has slowed down since the onset of the,sl970s, as a rule itustill ,

stands n:tf*m‘r“/rslﬁ per cent pef' year, This marked expansion ‘has
created go;esponding training needs. A brief history of the, deVelop-
ment of computer utilisation is necessary in order to show what form -
| thgigrefieeds sémetimes.take. :
The. first computers wonthy of the name originated during the

~ Second World War});or the purpose of calculating complex missile

e tra:jectorios, the computer being designed as a gigantic "calc:ulating
maochine® for performing scientific calculations. The large-scale
computers mahufactured by UNIVAC, CDC, etc., are almost in the direct
line of descent, but can be used for many, purposes othef ‘than scien- .
tigc calculation. IBM compyters are ',i;he result of a somewhat differ- -
ent approach as by the 19 e IBM Corporation, specialising in
officetlequipment, oresaw thendnormous development of ‘Computer util-
“1sation in managenznt {at present three-fourths of computers installed
are used for management). Thus- the computer 18 not merely a calculato
but a logical machine capable of proc ssing chains of characters

*
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" .0f the profeesion was to be vastly exploited by certain \grivate

'of information processing, the very real increase in demand end/

© o mudt try to defirie the pature’ of the instruction required The
- importance in mogern times of information processing suggests that

o o '/ » . 2k ) v

The French ‘word ";n?ormetigue“, coined in 1957 by Perret, rapidly
belame established in France (it was defined by the Académie

Ey frangaise in April 1966) but until recently wee.@low to gein any

grounq in other countries. Of lete} however, informetice ‘15 a word
which has come to be widely used in English-speaking countries.
At the eeme time, the computer and the modern sorcerers who

. taught these wonaerful and coetly machines the power.of epeech were

acquiring a legendary aura. To be a computer expert s emed t¢ be
an -"open sesame" to, the future' the resulting fascin ting appeel Voo

enterprises, some” specialising in the sale of computer courses,
‘while others rather dealt in pipe dreame. The euthoritiee concerned
themselves with the kind -of demand which was teking shape, and. ﬁhen
the Sixth Plan (1971-75) was being prepared in France a Commission /-
d'étude des 'besoins de formation-en informaticiens (Commiseion on '//

. Computer Maripower Training Needs) was set up.

The- role played by computer menﬁfecturerp in the development’/

edvertising/cempaigne of private rirme, ‘raise the queetion,of whe e
the reeponeibility for computer manpower.treining ehoulg/Iie - wi}h ’

'the -government, with private institutions or with manufacturere. o

The reply, which must naturally be qualified, is one we shall now. - .
try to enlarge upon. A .first point which must-egein be’ urged is the e

ldietinction between computer 8c1ence and inférmation pyoceeeing

(much like the difference between the ecience af telescopes and
astronomy). To emphaeiee this difference, the Commieeion rererred

to above changed its name in the course of its work, calIing itself
the "Cdﬁmielion d'étude des beeoine de formation en inﬁprma%ique"
.(Commission on Inrormation Proceeeing Training'Neede), thue bringing -
-out the difference between the mere need for staff to look after

the machines and the general need for training ip ell the‘bphepe///

- where information proceeeing is used. . P e

To discover who should be reeponeibleifor\euch treining, we
T

it extende “far ‘beyond mere economics, and its 'sighificance has’
inaeed been compared to that of printing The twenttieth century, -
ineteed of being called the automobile ege. one already changing
our way. of 1ife, might well be regarded as the age of the computer.
or one)revolutionieing our way of thinking. .

To understand the plenomenon it is well to revert to the very
nature of inrormatio proceeeing by citing one of the best defini-
tions of the Frengh word "informatique", which is that op’the French

Academy; "..szﬁe science of the rational processing,. gafticulerlx

bx automatic/mechinee. of information regerded as a knoﬁiedge and
%
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. cohnunicetign medium in the technical. economic and ebciel fielde"
" This definition makes a now classical dietinction between semantics
and syntax: information is the medium for .conveying knowledge and, .
“for communication indepenaently of thein meaning. ‘One of the moet
treditianel media is the written lenguege,_which takes the form of
alphabetio and numerical eymbols punctuation marks and - spaces, etc.
The purpose ofrlnformation processing is fo menipulete these symbole
" (syntax), e. g. by erranging them in alphsbetical ordet, putting them
into the "plural" by adding a euffix to ach "yord;) etc, indepencj i
dently of their meaning (semantics). ko ht Y
In short, "the informetion procee ing epproech" is Compareble &
to the normal mental proceee (Fig 1) vhich poneiete in. peehing from
one body of knowledge: called "hypothg¢sis" to 'another celleg "con- )
clusion". The ‘process leeding from hypotheeie to conclusion, knowrl : .
Ia, "reasoning", bringe logic, imeginetion intuition, enelogy, etc.
into pley. "Reasoning" closely: blends semantics (knowledge itself)’
and syntax (menipulation of the knowledge mediun) Thus, for .instance,
the process leading from euon a hypothesis ee_exietence of the =
telephone and telephone book to such e Conclueion .as the corfect' i
time of day consists. in looking up a series of charactere in the B
book (telephone number) associated with another series of charactere
o . ("time service") and dialling the’ eriee on the telephone.. Since the
dual ope%ation of looking up the cheractere and dialling 18 erftirely -
’tndependent ‘of the cherectere" eaning, .it could be carried out by
. an ~automatic device.,f v e I ' L

.
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Information procesaing precisely consists in systematically
identifying anything in the traditional reasoning process which
simply calls’ for thevmanipulation of symbols (ayntax) ard, if neces-
sary, entrusting the latter operation®to dn automatfc device (a
computer) which is "programmed" to yield some desired result; the
machine deals with "data structures" whose meaning (semantics) is
unimportant. : ©

It will therefore be seen that information processing in this -
form is of far- greater general scope .and cultural value than any
mere computer -manipulation. It:means that a process is available
which has the advahtage of being more objective than any ordinary )

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

associated with quitable data proceeaing methdde- It will giso be
realised that it joan be used so many ways as to include almoat all
human activities ize. those" making use of a knowIedge medium. In

this, aéhee information proceaaing is comperable to the art of print-

ing, whi%h broadens, complem;nte and extends. .

This analysis therefoﬁg shows that any ayatematic association
of the computer wiith-in rmation processing should be avoided. and
that the_latter should "even less be defined in compyter terms. While
invention of the computer has.revealed the existence of information
processing which hasa thus been given its real diﬁenaion. the computer
is in no y an essential component. Although information processing
courses s ould hence not disregard the m 3;hine'q existence, they
must go further if/they are to deal with the culturei and practical
aspects of the aupﬁect° in future everyone will ha ﬁz be aware
that information is indeed procesaed. even {if everyzze does not
happen to process it himaelf Similarly, an increaaing number of
occupational activities will come into tontact with information
proceeeing. when it will have to be used even if computers are not
handled directly; finally, more and more computer specialists will
naturally be reggired to usé, and above all use efficiently, (i.e.
"rationally" according to the Agadémie francaise definition) as well
“as design,.ever more sophis ated oomputers in ever greater numbere.

Three tﬂbes ofn:;a}n{ng are therefore required.

a) Public awarefiess. This consists in teaching the public that

. lxéyfiita. what it is used for, what it can dp, what its

faitations and dangers are, what the role of computers is.
and what Jjobs are connected with ‘information processing.

It i3 part of the gendral education of a modern country'a

future citizena. " '

b) Initiation3 This means teaching anyone whose work caIle
for the processing of information‘enough,about the use of
such a tool without however going inta any/gfeat detail.
The persons so initiated muat be able to use information

- - A , -/
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A ‘processing as they du}d h telephone~‘ nd- to upﬁlemé t

' their knowledge s oui@\recourae to soqe specific infogm-
ation. techni ue Ye needéd ' Co

) Specialiaetlon This con ists in trainink\pere
main occﬂpati h will have %o do with information
It igfthia neded which is most directly computer-or ented \
and most commonly perceived:  the goal is to be an-apalyst .

er, consolé operator or in short a. "compute ’

speciali t" s y, )
‘, It should d71owever. here be 90% that computer spe ial st
h

_x
e

1;& broader. Repidftech

- ‘nologicei
- similarly, the meny ew use
‘require training in some &
' isation for business man
applications and in teaghing theory for educatiohal urposes,.

/  etc. The numbers of Spure" computer specialiste 11 de-
crease and will be- ployed mainly by computer anuf&cturere

ditional field, such as in

©

the use of a hammer.‘belic awareness consists in finding out'that
a tool called a hammer exists, that it ca b& used for.such various /-
purposes as clinehigg’ hammering. and d ving nails but not ‘screws;
that there is a deﬂger oftﬁtting one' fingere. and that if the ////
purpose is to racgioe some trade whére a hammer is used the right ]
A;ﬁé;k ¢an be 9btained. nitiation consists in teaching f
the .rudime: to anyoﬁe who may have to use a hammer, for inetahcé.-
how to dr:ﬂ;ﬂg nail into a wall in order to hang a picture. Special-
isation i treinink for some trade in which the hammer is used as the
principal toal such ag carpentry and Joinery. etc., generally callihg
for other typee of knéwledge Finally there might conceivably be

"pure" hammér epecieliote. e.g. theorists makiqg a study of the moet -

euiteble form for some particular use.

The- veriOue typee of training for informaglon processing having
thu’ been defined. an attempt can now be made to determine where the
responsibility- for -training should lie.

4 From & general standpoint the answer seems fairly clear: when

“seeri as a ﬁhole, with a.cultural and social role to play, informetigp4

processing is primarily something which m # be taught by ‘the auth6r1-
ties. This does not mean, of cours it should be the monOpoly
of public educatfon. It will thus by/afll to review what can or should
be done by computer manufacturers end private institutions.

We have already mentioned the enormous training effort achieved
by the menufecturere.,While ﬁhey have certainly done pioneer work,
they have also had the commercial aim of promoting products, creeting/

! 45/53 - -
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\»; needs among potential customers Gbriefing or initiation courses for
i \ 5 maﬁagerial staff).or enabl ng such needs to be promptly met (t;aining
i courseh for the customer's wnﬁemployees) The cost of this dervite

is, of urse, growing cons derablyaand manufacturers are increasingly
\. inoline:gto charge for it, thus themselves setting up aigarket for -
uter manpower training. Leading manufacturere would most certainly
lffg the au horities to take over the bulk of coﬁputer training since
»tiey feel that they are not equipped fqr the tagk/and seldom have the
weans of oar ing it out in view of'all it impIies. Just as motor
hanufacturers are unwilling ;&/train motorists or prepare tha-ground
f?r € automobile societyA so‘'ar compgtéismanufacturera ‘relugtant
tq{tradn informatfon specialists o pa#e the way for a #ociety in
//which information pbozessing will }ﬁy a major role: This they do not
“ w;nt because they uéll know that information processing 1s not
synonymous with computer scleng d that Just as a person changes .
from\some make of car to anotﬁer he can aIso‘change to another make
of coqputer- There is only/one type of training that manufacturers
should continue to provide. that directly connected with the com-
puter equipment- itself, .e. of staff directly involved with the
machine (console operator ) and ¢ rrying out technical and commercial
tasks for the manufacture himse}f (design, operation, sales, 1instal-
lation, maintensance, etc.)

What should the role of P! ivate institutions be? This question
immediately brings to Aind the exaggerated claims made during these
last few years by vaylous firms selling empty promises rather than
any serious computgf training course to the public. ("Bécome a
‘programmer in three weeks" was the slogan used in certain advertise-
ments). Yet these clalms should not hide the honest efforts of, certain
enterprises, .guch as consultant firms on the subject (sociétés de
conseil en informatigue) 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 "personalised" service than the manufacturers do. ,

It may be pointed out that unlike that given o¥/private enterprises
‘this sort of instructisn 1s more closely ak to continuous than
basic training. '

It is in the gﬁéter of basic training that the authoritieées have 3
the largest part to play.’ Awakening res onsiveness, which is a general /’
form of education-desighed for the future c ens ‘of a modern country,
mainly takes place at seoondary-school 1,yé1. ile some action may
be envisaged in primary schobl, and while 1t should also be a part of
¢ontinuing education,.most of it belongs at genera1 secondary level.
Actlion of ;fiﬂ/type has been undertaken irt various countries, and.it
may be well“to record that of the French Ministry of ‘Education, which

introducgd information processing to a number of teachars from every
1, N \
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"discipline in genéral secondavy/education,A a noteworthy point is
that nandtacturers contributed to such B retraining project by f/

viding the relévant courses during thé first year (1970/1971); after
training for one school year or by correspondence the teachetrs then

_own subject; they try out the examples in their classes and some
teachers are able to illustraté them on\mini-gomputers set up ip a
. few lycées for educational pu  ‘ ,
, ; Introductory courses al#o elong in publ education. eneyver
;" . .they popplement other forms,of ftraining|they hould/thus b prz%zded
wit 11 guch types of instruct on as p ovided hy the edugational
o / ) ' ‘
If the courses preparé students for sdﬁe professi n then they
//// generally gome under highpr education {which is the ideal Yevel for
introductory courses i nformption processing). Ye

/ the services sector
/ ing, handling and
In continwing ed

X traini
/ Q:neral form of éducat n as a ¢
p

€hey do’ not
number of 1ot coufses\ which caﬁ be-used as models and if necessary
“help to raise th standard of the training market.

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

point Lt is not a subj%ct in any class by tself, a conclusion which : /

/ need ause no surprise wher/ it is realised that information procesaing
'// is yéi computer qﬁience and its cultural role is understood. What the
mefiufacturers!’ yﬁbk will/then be is to deal with matters directly
con¢erned with/eﬁuipmen and sales. Private institutions should per-
form theiﬂ Oryal dutiés, especially as regards continuous training,
71though ﬁﬁz uthorities will have to take steps to upgrade the
/market and /ét the standards for/;t.
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ing the last two decades we have seen a very rapid growth

'the usage of’ electronic data processing equipment and in the

usage of comguﬁicutiona equipment, In Trecent years the use of the

two together in the same system has become increasingly common. In ,//

the early years of computers and computer science the percentage of

the population affected by them was very small and as a consequence

all aspects ‘of their use, including training and education of com-

- puter specialists, was a matter of relatively small concern to most
people. :

With the recéent rapid expansion of the industry and the appli-
cation of computer technology to 80 many new fields there has come
an incféaaed Qublic awareness of its importance in business, in
science and in society as a whole. The importance of this industry
is now such that the attention of thoae who have been responaible
for manpower training in the past, namoly the manufacturera. the
users, the private educational institutions and the public authori-
ties, should be focused on the'queation of how best to ensurs adé-
quate and efficient training in the future. Perhaps the time®has
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 6f view of the

manufacturer.

In the very early days of electronic 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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' dayl when programmes wsre written in mach1ne language, an und r- |

standing of the inner prkiﬂgﬁﬁgﬁ the particular computer was hs i ‘ ~§
'important to solving a problem‘gé -Wwas.an underﬁtanding 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
qf the training of computer manpower moved to the user organisat;on,_
but always with strong assistance from the- manufacturer.

Until recently computer training or tra1n1ng in the use of

v computers ‘in the university was confined to a single department oﬂ
computer science or to another department responsible ‘for the. dom-
puting centre - often the mathematics department. However in very \

: recent.years there has been a \trend toward making use of the c6m- X
puter jor problem“solving in many departments. Students in these . |

ariousxdepartments do not necessarily become computer scientists S
in the tradition sense but learn how to apply the COmputer to the
solution of problem n their field of interest. ‘This has become
inpreasingly practical w1th the advent of problem ‘'oriented languages

,’rathe\\th\n machine oriented languages. Another big factor has been "
the evolution~of systems, including remote terminals, which’ permit .
interactive time-sharing computing. =7

J believe this kind of expanded use of the computer ‘into all

L~

o

-,

or nearly all. disc1plines in a university will continue to grow.
- There Wlll gontinue . to be a need for the computer science depart- o
~ment to train. the real computer specialist who understands cdmputer
hardware and opergting systems. However there will be .the much '
greater need to train much 1arger 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 %rends in universities will, T 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 cent7

with its own computer sciqntlsts who understand ;the hardware and
operating systems, but throughout the organisation will be users
at terminals who are interested only in problem solving and who
probably learned their technigues 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 1mportant.

Since methods of training is not the subject "of this paper I
shall nob pursue the question of computer assisted learning any
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: further. However I should mention that two other factors. iJ/the
«changing nature of training are of considerable importance, One of
these 15 more complete and better organised use of librarles. Systems
are in use for retrieving references. and material about a/given sub-
Ject through terminals remote from the 1ibrary Another important
factor is the movement of . computer training into lower age groups.
Until recently very few primary and secondary schools wefe offering
any training in this field) However the number will almost certainly
grow’ and it is made possible through the development of /better and
cheaper\computer terminals and their use--in computer asgsisted learting.
' In the light of what we know today we might ask ourselves what
will the training and education of the' future be like./ There will
continue to be at least five main groups to be traine
1) The computer user in- industry. v
2) _The computer scientist (or computer professi
he be in indusfry°or in a university.
3) The university student and faculty as users.
4). The priﬂary and secondary school student an
users.

al) whethjf

faculty as

.. 5)eThe computer operator. °
fThere are clearly a number of other groups one cou d‘name, such as
the handicapped, the‘disadVantaged the prisoners and the adult E
students. However,’I believe that from the point df view of numbers
of people affected. the five groups above represent the majority of
people to be trained,
I now come to the main point of this paper namely to the
question of who should be responsible for providing the training or
education for the above groups of people., 1 shall defer discussion
of the role of the manufacturer until last but that is the role to
~ which I shall give most emphasis. . o
In most countries the public authorities (Dapartment of Education*
for examiple) are responsible for ensuring appropriate education in
d secondary schools and in some cases colleges and
universities. I . become®*clear that a part of that education should
be training in the use-of data processing or computing equipment for
pfoblem 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 teaching\\taff on a part-time basis or on a
sabbatical leave. However. since the primary responsibility for edu-
cation in this group rests with the pub11c authorities it follows
that the primary respon31bility 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

’ P
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learning. This is true in-part because the ‘educational material at

ohis level is more structured and therefore more easily adapted to

) ,a previously prepared learning programme. It is ‘also due in part to
“the greater need7here because of the larger number of students and
the greater shortage of qualified teachers at this level.

The development -work for computer assisted learning shduld cer-,
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 development of this new approach to education In )
the United States, in Europe and in Japan a fair number of universi-
ties are experimenting with- computer assisted learning methods with
some si'nificant success. In ‘addition, several manufacturers ara
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 . . h

’ The universities, whether public'or private, have played an
important role in computer education“from-the béginning.°And this ,
will and should continue to be so. After all., the university is
responsible for the total education of its students and clearly this
includes computer education. The concern of mo:t\universities will
be mainly that of how best to use computers to‘solve problems and
achieve objectives. However, there wil] doubtless continue.to be a
number of universities with a group of students and faculty concerned
about computer science in the tradjtional sense - computer design,

.programming, language design and operating system design And 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 te 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, and that he
is encouraged to use the computer in' the best possible way to meet
his needs. The .emphasis here should be on getting the job done and,
where useful, the computer should be wqrkgd into the process in the
most natural way by the student ‘'with the guidance of his teacher.
-This, of course,arequires that ‘the teacher be well versed in the use
of the computer to. assist in achieving the course objectives. Secondly,
the university should proylde a bequence of courses in computer science
which will permit those students‘who are soO inclined to specialige-

<
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in this technology, Frbm this group of students will come the™
specialists in computdr science for the,various industries needing
personnel to run their computing centres. BecauSe industry benefits
from the existence of. computer education in universities, ‘it is
appropriate that assistance, financiai and personnel be given in

a variety of- ways.

Tt is also clear, I think, that part of the responsibility far
training of computer manpower must remain with the users of computers
in 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 was-done by the computer manufacturer. However
as requirements grew the user has assumed more and more responsibility
for training his own people - egpecially in the use of computers for
aoplications work . ’ .

When we speak of applications work we.are referring to expertise
in the use of the computer as a means of achieVing 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 equatibns
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 substantia® 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 netessary 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 or 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 fanpower training. Education is indeed a major
activity of .the computer manufacturer. First of all the manufactutrer
must be fully responsible for the training ofuthe 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 1s the nature of this ifiternal education in I

new salesmen and systems engineers in our mark . This

training 1s designed to gilve them an understanding the products
IBM sells and services, and the major applicaticns for which these
products are used. Each new member of IBM's marketing force spends

,about 18 months undergoing training - 8ix months receiving classroom
"education and the rémaining year in closely supervised on-the-job -

training. And after fully qualifying'as a member of the sales force
he continues to receive a minimum of three weeks refresher education
each year., Most of t ' s carried out by the local {BM
companiés wit he various countries in Europe However, IBM also
has a number o international education centres that carry on
advanced eddcation>~for salesmen, ystems engineers, financial and
administration managers, and heh managers. This training ranges
from one week to three ted to about 50,000 student
days in 1971. Most ‘of the training-distussed above is in the market-
ing organisatiord. In addition
in Europe have extensive internal education programmes for training
development engineers, manufacturing specialists and others.

In 1971 more than 100,000 technical and managerial customer
personnel underwent instruction througﬁ IBM's education programmes
in the latest developments in data processing for a total of 1.1
million student days. In its edcation programmes IBM places strong
emphasis an pra9tical work which allows the student to learn from

his own experience. For example, extensive use 18 made of computer
gimulations in so-called business games which make it possible for
students to 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 ig 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

'
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fully masters the subject he receives further guldance as to his
next step. Otherwise, he i1s asked by the computer to review those
areas in which he has demonstrated weakness.,

Extensive use 1is made of closed circuit television. Installed

in many of IBM's European education centres, this concept makes 1t
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 S0 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 ahd

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 genéral educational use at a reduced price. -

Another form of assiStance to schools is that of providing 4
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 beén used in’
the past with reasonable frequency and seems desirable to be continued
based on its.success ip the past. o

It 1s clear 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 handiing of particular problems or missions. The com-
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 Jraining and understanding of

| customer problems and missiops 80 as to take fullest advantage’of

| technological developments 1 providing better equipment to - meet
customer needs. For this latter objective the manufacturer must rely °.

- heavily on the user for infarmation 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 some.of his information about uses and
possible future uses. tns we must not overlook the impoitant role of

LY
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the university(in fundamental research in both technology and in /,””'
applications work..Some very important techniques and methods for
problem solving have been worked out through the Joint efforts of
computer manufacturers universities and other users. An example is 2
the method for faster computation of Fourier‘Transforms. :
-+ ' We can only conclude that all groups - universities, other users,
“public authorities and computer -manufacturers - have an important
role ‘to play inp computer training. Through working together all-groups

~
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SPECIFIC - TRAINING FOR MANAGEMENT
s - ) ° by °
. o . .
Daniel Teichroew
Chairman
bepartment of Industrial and Operations
University of Michighn (U S

JLM’ ctions and positiona related to the computé¢r. Conferences have

‘ been held; see¢, for example, Scheepmaker and Zinn (1972) (1) The 7
number of people iﬂvolved in the use of computers has steadily .
increased and therefore training, both formal and on-the-Job has e

eatimatea for the number of personnél 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 obvioua view that a variety of trfaining
: .ppdgramn is necessary and that their éontent will change, and to
providedaamé/references to more detailed sources for a discussion of =
.the fact s which should be taken into account when apecific educa-
tion programs are formulated. .
’ This paper focuaes on university programs for education of
.~ entry level positioha into mdnagement and information systems as the
' most important area needing attention. The existence o@%effective
academic programs would help to set minimﬁm aspiration 1evelsdébf(
continuing education and bn-the-Job t aining programs. In su
\ programs, it is parti ularly important ‘to din;inguf/ﬁ betyéén edu-
cation for Computer Scienfe or In ormati s and eduation °for organ-
izational uses o computera.

7/
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', " “-USE OF COMPUTERS m" ORGANIZATIONS

- . Cm?
.

"Even within the limit/& obJective eatabiihhed in the preVioua
section, it'is still ﬁeceaaany to apecify more preciaely the acope -
of computer use for which training ;a being considered. This aection
..is devoted to defining the relevant area as that of ,the use of com-
puters to serve organisations, .

The computerﬁh or, mgre broadly, e

.priate training for e van;oﬁh uses/obviously con . ,‘a e common-
elements, but much 6f 1;//;ou1d be/related to the '

ing and {1
effective functioning o
be performed manys

-

5yatemu..A11 of thede terms have been*adbject to a variety of
ip:erpretationa different co:égxfg. and contain words which
serve perpetuate misunderstandings. The term data proceaaing
has to ma “the connotation of routine aupport fhnctiona, such
-+as payroll preparatigh and trapsaction accounting,. that are
necessary for the ration of organizationg but prosaic in
character. By co raat the térm managcmen ;
condurea up aiqh of vice-presidents gmthering information
and transmitting dgciaiona through 4 ﬂ‘vidual,remote con;olea.
T, ‘a vision which has caused the term o assume some d&arébute *
' ) ed with the world as it is. Administrative
ms are not,restricted“to business or.commercial
the sensé of profit ‘meekin enterprises, sifice

organizations

. aimilar unctiohs are ‘required in the oper;tlon of organizations

"

;/

such as hoap;tala. schools, libraries, research laboratoriea.
and gov rnment agencies," <N
It 4s unlikely that any one Hh will be uniﬁeraally ecognised
in the near future. mherefore, it is not too important whether th
term uaed is Administrative Informatio Syatema, Management form-
atxon Systems, or Mauagem nt Informatica, what is meortant ia\that
/

Qo - '
ERIC
- . )




i : -

Aruitoxt provided by Eic:
.

ERIC

this use be distinguished from Engineering and Science'uses.\free
‘quently called Computer Science or Informatics, and Problem Solving
use, usually called Artificial Intelligencé.

Education -for organizational use must focus on orgenizational
purposes: The conventional wiadom is that while computers have been

éffective in routine data processiing, they have not “to any signifi-
cant extent been used by. the managers of affected the way a manager
operates. While this is:true, it is also true that computers have
had a considerable impact on the "management" of organizations The
distinction between managers, as individualo and the management pro-
cess is an important one to make in plennfng educational programs.
The following example from the position paper mentioned earlier
(Teichroew, 1971) outlines the greduel expansion of information
processing performed by computer besed systems. .
. "The procedures ‘used in early business data proZessing syste
were very simplé. Computerized systems dupliceted ‘existing,
& manual and punch card systems and made 1ittle e of t://powe
of computers. In recent years. ‘these procedures/heve bécome |
much more complex, along with the parallel development of mor
complex information processing technology. d
" As an illustration of the evolution of\infbrmation ptocessi g
systems. consider inventory control. Mgst early computerized
inventory control systems required oneg file with one record °
for each part containing data on quantity-on-hand, unit price,
etc. Daily transactions consisted .of orders' requiring items
to be removed from inventory and receipts Jresulting in items
being added to inventory.
"K second level of sophistication was reached when automatic
reorder levels were added. Cost ahd“usage data were added to

* the file and a procedure developed to determine when a reorder .

was necessary. The system produced an additional output -

instructions ﬁo the’purchasing department to acquire additional
‘ . dtowo. i »

"A third level of sophistication resulted from‘adding autonatic

vendor selection, intended to reduce delays in manual production

of purchase orders. This required that the inventory file show
which vehdors could supply each part. Since many parts could
be purchased from several vendors and most vendors supplied
several parts, a second file was-added to the system containing
constant information for each vendor. An efficient technique <
had to be developed for referencing and retrieving a particular
N\ vendor's record. .
,  "A fourth level of sophistication arose with requirements such
\\ as minimization of transportation costs. Since transportation
\coata frequently depend on shipping in carload lots, a model

\ | * .
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must be added to the\gyetem which determines what other parts 7

ceuld also be ordered st this time to fill the carload lot. '- 7

‘_ The vendor-file reference must now indicate what pérts each ’ 1% ¢
‘ , vendor can supply. ‘ : o .

// "Further sophistication ie introduced by the requiremente for , '
immediate, status revorts. This requires "on-line systems"” . - - "
" whose design requires more complicated file structures and . ST
advanced queueing-theory models to predict performance measures
~such as agerege waiting time., . N . f‘éf ﬁv
! . "The eboVe progression has. reduired/inpredsingly more compli-/
/ . cated informatidn p;oaeeeing techniquea. It has also requiped
. the 'use of incn/aeingly more complicated modeling techniqués,
potﬁ to implement the deaired function 'nd to qesign the in-
formation processing system itself. ]

. adequatply oortvey but can only sug st the enormous increase

of the type deecribed." . .

As the use of computerhbaeed eteme increases 'more’and more'
‘of the decision formerly made o uallylby individual managers in C
functional aneae become formal’ ed and incorporated “into computer

‘e programe. ae illustrated for jhe in@entory control application

o, -/

" in the example given above’ // : N e
Ihe implications of % iq/progreeeidn for educagional prOgrame
dre: //, . i y
s A a) An increasing proportion of "nhnagement" 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 // T
‘manager will need to.become more of an éngineer and less 6f %
an architect. v o ‘ :
c) Change will continue over the foreseeable future End. conse-

_ggggﬁwylﬁeaungﬁenager will continue to need training to
atquaint him with new material. Consequently, the content
of courses for each level of training ili change qﬁéy tin;.
T ) ®ROLE OF SYSTEMS DEPARTMENYS ?¢~ . T dn///

e

Thg importance of comp'ter use n/;/ehx ged 1dly
past two, decades, and ther is every-indich
The primary driving fe;eé’ie the technolefics dJyeIo ent thaf

" changes the data processing cgypabiliﬂe of the hardyare ang y'
is even more importa %
proceasing methods
ment of new”bapab

'eccepte that
w1th gton,

[mc
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The growth in the scope and cbmplexity of computer-baeed sys—
tems has led to severdl changes in the ‘way organizations deal with
information systems. (An excelleﬂt{survey of this evolution 1is given

by Benjamin, 1972.)

One result of inqreasing use of computers in
.organizations has bkén the establishment of "Systems Departments"
with,responsibility for{tne design, development, operation and
maintenance of computer-based information systems. To some, these
departments may seem evolutions of the Systems and Procedures 9?
Office and Methods Departments, but these new departments have so
much mpre stature and importance that they can be coneiderﬁd a new
development. The manager is frequently equal in stature to managers
of the traditional over fungtional areas - production, marketing.
The advent of the ‘Systems Department has made a fundamental
change in the way in which mahagement controls its activities. One .
way to show thie is in the foliowiﬁg diagram adapted from Manley

From

¢

Cadvrer hl.urchlquni
Line Mansgemant

-

3l [ ]
Tachnigue |’ Styta ' ) ‘.);I.I:lme |
] . - T
Machines ”9';".':" Do‘;l::u

.

Theee Systems Departments have an impact on training require-
ments because they are of sufficient size to require management
Furthermore, a substantial amount of the

work 1s in system development which requires project management
skills rather than the traditional functional area akills.
’ {here are also training requirements for the analysts and , pro-
' grammers employed in these depertmente
programmers have frequently not been cqnsidered.management: However,
this question hae"recently been examined by the United States
' Department,of Labor in relation to whether computer personneL’are
exempt from the provisions of the Fair Labor Standards Act. Exemption
is granted to "... any employee employed in a bona fide. executive,

E

" personnel of their own.(1l)
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In the past, analysts and

. 1) For‘e discussion of the Organization of Syeteme Departments see
Withington, op.cit., 1972.
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relevant concluaion is the following (Fede al Register, p.22978):
"In the data processing field some firms employ persons des-
cribed. as systems analysts and comppter programmers. If quch .
employees are concerned with the p anning. scheduling, and
co-ordination of activities whicu’are required to develop
systems for processing data to obtain solutions to complex
business, acientific. or engireering problems o£ his emmloyer
* or his employer's customersf/he is clearly doing work directly
related to managementmzol{oies or genera1 business oper&tiona.
The growing need for I nagement in the new "functional®™ area
7Fa also recognized: ’ ' :

Perhaps the moséf

"In the data processing field an employee who directs the day-
to-day activities of a single group of programmera and who

o performsthe more compléx or responsible Jobs in programming

will be considered to have .nanagement as his primary duty."
Organizations differ in the responsibilitiea assigned to the

Systems Department and. thoae asaigned to user departments. One area

of difference is the determination of requirements or specifications

for proposed syutems 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 conaiderable mobility among analysts and management trainees in ' .

user departments. This can be expected to continue and indicates °

that educational programs should provide the necessary f1exibility i)

.

//V/)V( . g
I TRAINING PROGRAMS REQUIRED o

/}// ' On the basis of the above analyaia. xhe training programs -

required include programs for line and ‘sbaff managers in the
functional areas and in geperal management, for managerg in the new
functional area represented by the Systems Department and for analysts
and programmers engaged in this area. Analysts 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 wi11 be conaiderable mobility between management positions in
the functional areas and positions in the- systems department. Many
individuals starting out as analyata 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 gtart; in particular, is university education necessary? The
opin on oﬁ/the U.S. Department of Labor regarding university educa- -
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"The question arises yhﬁiher cﬁﬁputer ﬂquramm;rs and Qy&tems
analysts in the data processifig field ave included in the . °
learned profes{tons. At th ‘present time there is toﬂigreat a
variation in standardﬁ’aﬁg academic fequirements to conclude

.

that employees employaéﬁdn such»obcupations’arz a part of a

true profession resgﬁnized as such'by'the acadehic community

with universally accepted standards for enploymeht in theu'
field.n : - g ‘ ‘

The learned professions are defin‘gz . e .
"Generally speaking the préfessiohs‘ﬁhich_meet the requirament
. for a ﬁrolonged course-of~specialized.intellectual'instruction
-~ and study inclide law, medicine, nursing, .accountancy,” actuarial -
\ computation, engineering. architecfure.-;eaching; varjous types
of physical, chemical and biclogical sciénces, iqpluding'phar-
macy and registered or certified medical technology, and- so .
" forth. The ,typical symbol of the professional training and the *
'bgsf prima fadie’ evidénce of its poksession {s, of course, the
épprgyriét .academic degree, and in these professions,an advanced
- academic degree is a standard (if pot universal) prerequisite."

/

P K university degree may not have been necessary for a position

in information systems in the past, but. informal surveys show that -

- a college degree i8 an implicit if not explicit requiremen% for

information systems poaitions in medium to large size companies-
using third generation equipment. E .
The folldwing,ashumptions are made in developink the recommen-
dations for training policies and programs:
1. The technology'of computers and computef equipment is still
* -changing at a rapid rate, and therefore the alternatives
that are available, both on the hardware side and on the y
organizational side, are changing’sufficiently rapidly that//”/
the content of courses is likely to be changing. .

2. BEducation and training in computer-related topics fon///
management will continue throughout the individf;?yé career

~

‘e

and formhl training will supplement the on-the-jn training.

This ledds to a set of.recommendations in which diffefent edu-

cational programs and material are required for different\Job )
classification and different age brackets. Figure 1 shows khe com-
binations for which sonie formal education should be avallable., The
recommendations in the following Sections describe the cbntents 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. s

. ..
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Flgure 1

- Present ‘Voca— UniVer— brganiz— Juhior Miég;e)’*geaior )
* Age’ tional sity ation Manage- Manage- | Manage-  ¢°
f"‘ ‘ , : gig;s'_ gzg;g Trainee | ment ment . ment .
- Under 20 | W 7% ////////
230 | 1 3 /777
so-b0 Y : - /////////
ho-50 U7 % L.
over 50 ///////9/////// ////// W ‘ "
. ' .“; (yZAINING AVAILABLE TYPE“AND QUANTITY. . N
! \f Management training 1n’the ﬁnited States is accomplished priu;x\
arily in business schools through undergraduate and Masters of AN
,ﬂﬁy Business Administration programs. .»The- typeuof computer—related

material ¢éovered in- ‘these courses has beeg surveyed by Mcfegggy_and

Tonge (1971).

Bu51ness“

v

% In-house. training courses are,offer

A useﬂnl source of material relating
s given by Couger in the "Computing Newslette

ch courses ©
for Schools of .

M

] by many orgdnizations.

There is however relatively little - 1nfor ation‘bn these programg l'
lic literature and elat1ve1y little statlst1ca1
hd%~more detailed nformation available regarding

ava*lable in the pu

i

data~ There is 'some

computer personnel

“in
of Labor Statlstics has forecast the
tional classes. Some of the relevant

ading analyst and programmersf'The Bureau
equirements in various occupa-
ata are summarized in Table 1.

2 lzlz\v
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ments for thé period 1968-1980 mentioned above. In the last few years

' Accordlng to the Bureau of Labor Statistics the number of new .
positions Lp Systems ,Analysis’ during the period 1968-1980 will be f
approximatei?'f7,000‘per year and another 23,000 will, be needed in
programning. This may he 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 /-

ment of trained personnel.
A fundamental difficulty in educational pollcy is adJustlng >
supply of qualified personnel to meet demand. The recent experience
in the United States poimts to the additional problems in a field.
where technology changes rapidly and where a considerable part of -
the training is in-house . “A" few years ago the shortage of- qualified-
applicants flor data processing oositionsywas commonly accepted. The
Bureau of Labor Statistics related its estimate of manpower require-

@
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Perdent | * | Average Annual
. Growth Net Increase | Openings (not
Occupational - 1968 . .| Forecast in - including
Group . Employment |1968-1980 | Occupation Transfers)
A1l occupa- o SR .
- tional groups | 75,920,000 25.3 19,100,000 |.
All profes- : ) T
sional and . v :
technical 10,325,000 50.1 .. 5,175,000
_\. ~Programmers 5 ﬁ‘l?S,QOO. 129 200,000 - 23,000 -
*/ . Ehgineers | 1,100,000 [ |40.2 400,000 73,400
o . — e —1 8
ACQOUannts 500,000 . 43.4 220,000 | 33,200
. - Systems LT A
S Ahalyst§;\ 150,000 183 275,000 27,000
Physicians 295,000 53.1° .| 155,000~ 20,000

LEY

‘v Source: Bureau of Labor .Statistics, 1971. T Y
- - . e . v /" IS

)

e ‘». : _\~1 ) 'a51e P o - .
. A URQEngF INFO T4ON PROCES: G TRAINING
& s REPORTED BY RE NDEQ\S TO THE 1971 AFIPS, ERSONNEL SURVEY
e ) " Source N, I . , Pereentage( —
" Computer Manufectﬁrer;V, oA © o471
" In-House , T ‘ 44.5
Part of Formal Education .. . . s 37.5
University/College : R N . @ 31.4
Software Consulting Coa v . 8.5
EDP School o . \» 6.0
". Correspondence School . 4.5
High Schol/Vocatlonal Schoo 1.5 )
Qther S

o FU . AA\
1) Percentages add up tonmo e than 100 due to multiple responses.

)

~

El

,the shortage of personnel 1slmuch less in pvidence, and some of the .
urgency seems,to have gone oht of the need for academic programs
ot Hamblen (1972), for example, concludes:
,h?w 'WWhén ﬁhekfigures of sj pply are compared with estlmates of
‘ = demand wed'see, that there is no longer d need tOrencourage a
“crash effort, to start ﬂew degree programs at any level.
'Hoﬁever if we examine |the course offerings of the associate
and bachelor's degree programs, in particular, as I have
‘had oceasion t® do in the two-NSF‘Inventories, there is
definitely a need to strengthen these programs both in -
facilities available aTd course offerings."

~
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e
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The source for the estimate of demand used by Hamblen is the
survey made by Gilchrist-end Weber (1972). They summarize their
study as follows: . ' - -
"Despite.the collection and publication of much information
by various priyate 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. o

&

ESTIMATE OF TOTAL PERSONNEL EMPLOYED BY FEDﬁRAL.
STATE AND LOCAL GOVERNMENTS AND NON-AGRICULTURAL ESTABLISHMENTS
n
A ‘?er 1000 | “Ratio to
pccupation . Employed(l) [Covered Employees|Systems Analyst
BusinesslSystems : . o .
Analyst 97,000 1.4 * 1.0 J
Business Programmer 137,000 1.9 1.4
Computer Operator 't 173,000 2.5 1.8
Keypunch Operator | 384,000 5.4 4.0 ‘
¢ - i
1.2 - 8.0

Tétal of Above 791,000 1

1) Includes scientific and engineering personnel employed by
government . *

_ “The—number of cemputer personnel most 1likely exceeds one
e T million as shown in the following teble*

- . , - 4 o
FINAL ESTIMATE OF TOTAL U.S. EMPLOYMENT OF FOUR
CATEGORIES OF COMPUTER PERSONNEL FOR' 1970--

4

* Occupation Employed
° Systems Analyst 1504000
Programmer N 210,000
Computer Operator ’ 200,000
Keypunch Operator ‘ 440,000
. Grand Total .. 1,000,000
&
~

"Since criticisms can- be levelled against bothl estimating
procedures, the discrepancy is probably net Burptising.
"gur-estimates are remarkably tlose 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 entirely
) different-from ours, yielded estimates of 150,000 systems
- analysts, 175,000 programmers and 175.000 computer operators
' for 1968. '

v

El{[C\— o 8"5 - 73 -
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9,

"Due to the lack of use of standard occupational classifica- -
tions, aﬁy attempt at disaggregation‘into occupational *special-
ties may real{y be more a matter of speculatioh than enumeration,
"Since the major objective of:colléctlon and publication of
these data is to:provide inférmation for manpower planning
(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 a
' period of serious manpower shortages from about 1960 to 1969
followéd by the present conditio of modeqate oversupply.

Further, present and future prospects -are for large oversupplies

Y 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 thit the current

N annual production of people trained for these Jobs, is over

170,000. To employ these would require a new entry rate of ,

- . about 30 per cent which is much higher “than the estimates. 6f
relative openings given by BLS of about 11 per cent rbr com-
puter operations, 13 per cent for programmers,. and 18 per cent
for systems analysts. Thus, current prppuction 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 3 1971 Graduates Entering Labor
. ; Force .
R o - &
. High-School - 33,000 7,600
f Public Vocational/ School. = 45,400 27,000
-4 Private Vocationdl School © 79,000 . 79,000
Associate 7,495 * 5,000
‘B.A./B.S. 3,350 - 2,300
M.A./M.S. : 2,070 1,400 -
Ph.D? . P 335 110
f
Totals o 1707650 T \ 122,410

K3

i . . .

"With the exception of the Pr;vateVVOcation 1 ‘Schools each
‘program is produeing‘a steadily incre 241 number of .grad-

) uates and entrants to the labor férce. There is, unfortunately,
insufficient data to break down the 1971 entrants to the labor gy
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 tomputer oper-
- - ations while the last thrge categories will primarily enter

Q | 4/-65 l-7t;- .
ERIC | -
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degrees will divide - the

' programming and system analysis. The holders of Associate

top stunents going into pnogramming

and the others into machine opera ions."
From the above analysis and that /given by Gilchrist and Weber

RgCOMMENDATIONS FOR|UNIVERSITY EDUCATION - L

+

a) Programs for Students Int

(1972) and Hamblen (1972)N\it is evident that the requirement for
qualified analysts and programmers is far from being satisfied by
graduates of avallable academic’ progrjams (as -opposed to graduates
of.informal on-the-job training), and while it is perhaps not peces-
sary to start many totally new gradupte programs, we fully agree
with Hamblen that many of the existi £ Snes warrant improvement,
particularly in course offerrngs. THe analysis supports the conclus-~
ion that different education,will bg¢ required for different classi-
fication. In particular, many more Eraduates with .B.S. degrees will
be needed than graduates with M.S. degrees because of the relatively
smaller proportion of the most highl killed analysts needed. In
the past the sgurces of training for many individuﬁfﬁ<WQg\;i:jhouse"
.or the manufacturer. With increasing 'complexity of informa n
technology and higher aspirations [for systems eipected by the user,
such training. will not be suffici¢nt for at least a substantial
portion of analysts, and conzequently the most important educational
programs (in terms of pace and time) will be those offered by. the
universities. These are discusseg) the next section.

>

Whiié today a university degree is not an absolute requirement
for entry into management positions, in the future the number of
entrants withou} a degree will steadily, decrease. Computer related
educational programs should Pe ¢ivided into threeée major categories:
programs for students interested in management positions in the B
functional areas; programs -r‘ tudents planning entry into systems
departments (analysts,\progeen J

E,managers) and programs for co-putgr specialists (systems program-
¢+ mers),

ers, proJject managers, oPerations

.

AR

nreste& in the Management Profeaaion

‘Most of the students will
grams, though many enter
engineering programs. To

mnanagem

enter Zﬂ%iness Administration pro- .,
nt from liberal arts-er

nsure that these students receive

sufficlient knowledge of the computer, these programs should
contain one or two coursds specifically dealing with the use
of computers in organizdtions. In addition, courses in other

subjects should’include
these areas. o

he use of computer-based systems in
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Systema Positions . )
As stated earlier, the number of positioﬂ n information .

’sysfem development 1is increasing, an ‘i;e-should be
o negarded ay.managemeht posit .. The nee§l for educational
' - programs in this area § been studied by the ACM Curriculum

1971} 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 developtient is in effect
"organization engineering™, and therefore the student should
be equally knowledgeable about organizations 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 poaition;-in Information /Systems departments.
Depending on their own interests and opportunities available
they could puroue careers leading to management ‘positions
in other parts of the organization, management positions in
the Information Systems Department, or as information systems
professionals. Z

.

~ -

4 X
c) Programs for Computer Speclalists

The number of positipons available for computer specialists
will be much fewer than those for the two categories men-
tioned above. A degree, preferably a graduate degree an
Computer Science or Computer Engineering, will be a'neceasigz.
While most of thp educational program will be devoted to ]
technical subjects, 1t would be desirable to these students
to have at least. an introductiom to the role of computer- y
" based information systems im organizations.

- TRAINEE PROGRAMS f N

1 ]

‘Many organizatiopns have management traineeship programs in
which recent university graduates spend from a few months to perhaps
@ year-and-a-half in several positions. These programa can be ex-
tremely useful in providing future managers with a knowleédge about

-the management considerations involved in computer-based systems,
particularly if the university program has been in an area other
than Bysidess. : . .




All’ management trainees ehould spend perhﬂgf’as much as one-
third of their time in)the Systems Department. ing this time they
) stem development procedures used in

_of ueer participation in the eventual effectiveness of the
Taking part in an audit of a system recently completed or one which
is not effective is frequently an excéllent method for realization
of the ,complex interrelationship of maﬁy factors in effective eystem,
Z/development S;milarly. trainees headed for entry positions in: the
4,Systems Department can be made aware of the user's side by partici-
pat}gg/In the development of specifications for a new proposedh
.. syatem, : 4 -7

JUNIOR MANAGEMENT PROGRAMS '

.

’ . 3 T ©
After}gf’:w employee'has completed his traineeship program and
- worked for a number of years, his career goals will become more

v .

specific and in line with the general assumption that formal educa-=
tion must gontinue througho t the career_in parallel with -thb-Job
traihing, and eo;;/IGrmal aining is desirable. In : '

organizations wi)l not wish to deVelop their own,oourees but{
“instead use oupéide facilities. ////

- For the exceptional ndiv;:;{;/d graduate program. af(/

lished uniwersity will bef wort le. For others a part-t me evening

their general education gs ‘well as the epecific skills and/gnowledgej
they impact For most of the emplqyees in this category;,hﬁwevepj?

t
" are fthose dealing with adyanced appl&éat{pns fn// o
‘courses are offe;ed by gniVereit;es as two~ ',;Z/"///
. ee-week courses/; sometimes are organized y’the profegé// <7
" ‘sional societies. Se¢y for example, Arms /{*4521;) and Hammond/ .
Lot ’\L972) . ‘ AT T P
| .. For tnformatio ' who are being promofed to -
managemen i
training 'is in m
ﬁgee topiés are offered by the Business
ciations and sometimes qommercial training

ERI
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By the time an individual ‘has reached the middle man gement .
level he has demonstrated amility to manage in a given area And to'
, _keep abreast of developments that affect that area. He As tHen aspir-
"ing to positions that involve more of the organizatig than one area.
This is exactly where computer béeed systems are créatin opportunf;»
ties and stresses (perhaps unrecoghized) %\
- Since middle managers are busY'and have many r@sponzibllities,
. ' training programs must be designed- first of all {
half day or perhaps a day/ The basic emphasis myst- be o convinciy
the manager “that "a "t pic jfor subject 1 : mp enoﬁgh to/aook into,
rather than’ supplyin deéoiled inggrmatfxﬂ on /which a decision .can
be based. All too ,offen middle manageme t'o;ﬂrses o) -remphasize the M
presentation of tec icel facts or 1 er-leyel = llp (e.g. computer
programming) in whicgh tﬁe managers éhow er..t but which does not*
change their behavi r”yhen they returnd€»~‘ eir/daily environment.

The considi?dtrons oﬁ%iI““a abo, “for middle management apply 7
even more¢ sharply for training copvres ..for senior executives. The -
emphasis in the de 1gn of suchfBurads must*be even more on'tKE?,”
desired change in fthe” beh- ‘f"ﬁmf ‘ve managers compl ging the‘course.

A study o{;ﬁow efflecti -’ ey are Mas recantly been completed by '
Ruth (1 ). One soufce- of in o ation about progr s - for orlep g

the m ager to P oomg%féfﬂis 7lven by Harolq,(l 71).

P
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PHILOSOPHY AND CONTENTS- OF TRAINING FOR COMPUTING v

by
///Aaron Finerman
Jet Propulsion Laboratogy- we
California Institute of Technology. -
. (U.S.A.) S

o8/
.

I ‘INTRODUCTION ’
v

The\academic diacipline of computing has become increasingly
accepted and reapactable at United States institdtions of “higher *
education Quring the past few years. There are more afid more departe
monts of copputing scienca (known in various guises as data proces-
;ing. information science, information processing, or my preference

syStemp which is hardly us “wall
as computing options embodied within more established deparipénts
of mathematics ‘or oleqtri'ol engineering Indeed,, this rgpfﬁpproli
eration of educational p ogrhma has given rise, to a number of concevn/
about these prognams . Have we gone too far too fast? This paper
addresses some of \thes¢ concerns, based principally on iy experiences ,
with United States\edycational programs. My travels in other countries
indicate that uimil problema exist elsewhere, except that in most
: cases egocational acgtivities in computing lag those in the United
States. [he veripd /of lag usually reflects the:developing status of
the country, or tlle inability to commit résources required in estab-
lishin an'educa ional program in computing, or restrictions imposed /
by acgdemic str ctureo and "attitudes. At Western European unixpnsij;yé
i
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seriou gtudiea occurred at the Univerait 8 of Michigan and Houston

" (5), ﬁé. (7). The heavy emphasis ‘on mathematics and engineering in

! these programs continues to this day. With this start’ the/prol fer- ,;
ation of academic progréams aaaﬁmed epidemic and uncontrolled _ET'o /
during the 1965 to 1970 veriod. Programs abounded at private vocE;Ton '
schools (certjificates of dubious value), two-year colleges (Asaociate
degree)” four-year colleges (Bachelor degr563 and at- univerai;ies e
(Maatera #nd Doctorate degnees) More recently there have even been
propoaala to have two~year coileges'offer four-year programs in com- .
puting (8). Some of these growth patterna are reported by Keenan (9)
and Hambien (10) and, (11).. . -7

w “This galloping growth stimulated attention by government agen~
cles (12), (13). Studiek by professional organiéatipnn and univer-r
sities also providesgeneral and specific informatio [Ilé) and (15),
for the engineering and mathematics thinking, (16)/7nd (17) for
uniVeroity conﬂerence_? On a continuing basis, publicationo of The
Aaoociation for Cemputing Machinery (ACM) espe ally the Communica-
tiong (16) and the Bulletin of the ACM Speciél/lntergsiacraup on
Computer Science Dduca;ion (19) provide informative material (see

, especially the SIGCSE Technfcal Symposia Bulletin issues in'l970.
1972 and 1973).

The révort of the ACM Curriculum Committee on Computer Science,.
Curriculum 68, has had the most profound effect ‘20) It gave the
computing discipline a scholarly respectability, an intellectual .
baan and a comprehensive content. Curriculum 68 created the mold*
and moot United States universities attempted to fit. that mold when

| cstobliohing academig programs in computing. But many have found
"the Curriculum 68 mdld too confining; the producta of Curriculum 68
7 type propromo are moro theorotician than practitioner, more mathe~
matician than engineer. .* .

In’ the remainder of this papér I offer some impressions on
educatjional programs in general and coputing education in particular.
Many of these comments contraat ‘'with the Curriculum 68 apprdach. 6€fﬁﬁﬁ“

+

=
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/ SUPPLIERS 9? COMPUTING , EDUCATION o /
/' ¥ g / & ”‘,_ﬂ'

People enter the computing field ﬁhrough many ports: .r'e from
,other fielen guch as engineering and mathematics. some gy/ minim i;?ﬂﬁ
educational backgrounds (high achool)%%fter HEng 44/ﬂw9$& f

/ f ’(’// /M
by manufacturers or private votational_j /7 : ﬁ; én increxd ng

humhar from tho/acndemic cdmputing »,.:uéj.‘lﬂ’:,m,a o ons of
S y ’

/
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. higher education. Seegmiiller (21) refers to this phenomenon as the'
P .

migratibn ffusion of/émployees of ‘completely different and

unrelated pr fesaions - "bakers, truck drivers, butchers, secretar-

iesy aales/ ris, etc! - into the computing environment. Gilchrist
ates (from admittedly sketchy data) that the largest per-

f computiﬂg,practitioners in the United States are "products

f% // If we accept the fact that computing is trgly an academic dis-
line then we must accept the “consequence that the professional
ractitioner réqﬁires a four-year collegp education’. Most people
// Yave by‘now accepted the "igtellectual respectability" of gomputing
and the benefits of college exposure. For example, the National .
Academy of Science report (12) notes that over 50% of those entering
the copputing field for the foreseedble future (as of 1966) will
require dollege degrees. An American Federation of Information
.  Processing Societies survey (23) found that almost 70% 6£ the res-
pondents possessed a college:dpgree. ; o
With this premise we muat view a aulﬁedt the
private vocational schools or mahufacturer-sponsqored courses who
twithout ever having had a sggnd education" (21) enter the computing
field as operators and in time ‘progress to programmers, analysts
and’ consultants. Seeégmiller (21) refers to these neople as Munder-
ound expdr " and states that manufacturer-&ffered education "has
to be viewed Just as a disgrace to culture".’' Mercouroff (25) notes
the exploitétion of the appeal to be a computer expert by certain
’px te enterpriaee, "some specializing in the sale of computer
courses, while others dealt in Pine dreams".
There are technicians in the computing field (progressing from

¥

graduates of, . 7

-~

kﬁ}punch to computer operators) who require a high school, vocational "

or two-year college education. However, we muat-not confuse these
with computing profesaibnals who require a "gound éducation" In
" the following sections we attempt to define the !soundness" of“tqch-
/' nology oriented ‘education in general and computing education in
partdcular, , ‘ ’ -

" Before doing -so 'e“ahould consider the implications qf unsound
éducatiQn, whether at’ the technician or nrofessional level. In com-
puting education we have ~adopted few control mechanisms to assure
A quality either in the vocational schools or 1n their Rraduates. We
-allow all tg enter/the computing field with 1fttle safeguard against
substandard quality The situation of two-year colleges 15 not quite
. analogous since there.usually exist some quality control mechaniama

at theae institutions; yet we assume that graduates of these programg
=~ are elﬁgible for professional positions. Increasingly we hear calls
for ceértification of institutions and licensing of their graduates..
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personnel certification ) Comp ting }as become one of he biggeat
industries “in the United States with’over two per ce % of the Groaa
National Product expended -o

4

i almost eyid esszﬁlggrﬁm of quineering and related science (mdthema-
tics, £8, chemistry) courses, constituting perhaps. 80 to 90%
: of his courses. At the present, time t?ﬁa'is still the gqneril prac-

tic in the United States. It is true even more so’ in other countries

udents normnlly take all the courses in their faculty.

In the past few years thi practice ‘has beey questioned and.
at least in sone Lnatnncea. £ uzn wanting The most visible example
of such self-examfnation hns n af the Magnaehunetta Institute of
TechnologY. the. epitome of Yeotinological education in the United

s - States. "Several years ago’MI establisched a éommicsion on Under-

//f graduhte Education to 1dy the acudgmic nrogrnm. Preliminary con-
clusionn (26) ident;fied thiree banic nspects of undergdraduate edua
cation: -, . @

"a) Integr idn of owledpe. This concept usually means inter-"
digﬁiblinary c rricula or general education. More aﬂhcifich

‘/ain. ‘the modepn problems of civilization will require that
otudqﬁf% develop tho ability to synthesize as wdll as to

rd

3/”/ unalyee. . .
: ,/A“d b) Eelation 6¢ Facts und Valuqn. Wo define' and produce enp%ﬂ/
s - “eers and scientists without including intell tuul toola

) fyom the humanities in their required ment
nrticularly signifiéant today: because t

kit/ This is
.moet difficult

/// roblemngﬁe face are those which relate/facts and values.
////, ‘ ck;Edqcatio for Citizenship in a Democphicy: To sofne people
. o these days this sounds a bit '"squapé”. But it hds never been

o democracy and their roleg as individuals in it.
ome time later the- parent/ ommigdsion on MIT Edu¢ation iuauéw
an ;hitial formal réport, C

SO ‘more important for studi;;y to erstand tho nhture~of a.

9at1ve Renewal in a Time ot Crisis (27)
report broaden and modif}/the ‘abéve

/
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. a)‘G\neral Objectives- We begin from the orenise that MIT

,w ) ‘. '. R

jowever, must be joined to a recognition of the preqsing
eed to unite the.pursuit of knowledge with a concern for
ocial responsibility in the use of that knowledge. MIT
raduates must be prepared hot only with the skills they

will need to excel as scientists, engineers'and administra~". *

tors, but also with the bregdth of understanding they must

A'have if they are also td become responsible professionals
“b) Undergraduate Educat1on~ 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 béen a central concern of .
the undergraduate program, we have been moving in the onpo~
site direction to provide a broader foundation' for profes=—.-
sional education. This movenentnshould‘be intensified by

: gstablishing a new First D1v1sion, the responsibility of

the institute faculty as a whole, as an 1nstitutional focus

. for general education during the first two years. The over-

all aim would be to encourage students to develop a,broader
-outlook as well as 1ndividual capacity ;or creat1Ve synthe~
sis and self-education. o

:c) Graduate Education: Graduate education should be re—examined .
, to cultivate a deeper understanding of the social- consequences

of science and technology, to 1mprove opportunities for ]
graduate students to acqu1re training *n teaching, to develop
broader (three year) 1nterdiscip11nary programs leading to
the Masters degree, and to develop pre-doctoral intermediate
degrees that do not require an original contribution to know~
ledge but recognize a dimension quexcellence in another
area.

-

d) Knowledge and Values: MIT should take seriously the intel-

lectual problem of degining the relation of knowledge to

‘values, of 1mprov1ng performance as an environment for humane
>

learning and of stressing a commitment to public service.

The separation of~sc1ent1fic activity from broader cultural
pursuits and intellectual concérns -has all but destroyed the
capacity of‘aqademics 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 N
encourage humane learning; 'too many faculty members and
students continue to think of the humanitres as unimportant,

irrelevant and methodologically soft. Immense wvalue is
. . .

7
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bhplééed on-technical‘problemdﬁolving, on productivity,

effi ienoy, action, organlzatlon - to the detriment of more:
contgmplative|, casual and spontaneous modes of intellectual
life. Without|. losing the great v1rtues inherent in these
values, we must do more tn make room ahd +time for reflectlve-‘

~37 . ness. If we expect to have any 1mpact on the social and
' T cultural oroblems which result from_the fragmentation of
8 f, bt :'°.knowledge, we ought to begin grappling with those problems
fe o here first.

Clearly ‘many "of . Ehese reoommendations confllct with the conven-*
tional wisdom. It. may|not be féaslble to implement all recommenda-
‘\% tlons at all 1nstitutlons in- all countries. In'fact, it may not be
e des1rable to do s0; -ieveloping countries for example have certain
&:W" unigque %rloritles and problems. Yet I believe that the philosophy
expressed in these rerommendations should receive serious consider-
, 'atlon and be 1mplemented to the degreé possible. I am _concerned, that
, J?; too "often in our haste for quantity ‘we forsake quatz/r e fofEe;~\“\\\
v that the purpose of eflucation is to educate the whole man. This ”;
philosophy agfects my|concents of oouggylng educatlon, expressed in
"% . the followlng»section " '

o
~ -

N . —

L . "~ PHILO$OPHY OF COMPUTING ER(CATIO
. R . K ¢ -

As«élready noted| Curriculum 68 has had the most profound effect
won computfﬁg educatiorl; many institutions view it as the Yardsticﬁ
by whieh to measure the aﬁequaqﬁgof their programs. And in the main
E ﬁhls has been behekﬁc'al by setting certaln standards and defining
‘“content. On the other |hand, Curritiulum 68 is in the tradition of
e profess1onarlgk6%1ente programs. It recommends that ten computing
L courses and six mathemt tlcs courses bel§%gu;:ed, with dn additional
three computing cnursek and an unspecified mber of mathematics
he products of such a curriculum gre’Eertainly
~_ well versed in computing and mathematics, but are they really the
) nroducts we shpuld produce? The MIT reference above would, on~the
) basls of the philosophy expressed, indicate not; moreover an 1n:\\§
ereaslngly larger numb r of comoutlgg;grofessionals are questionlng \\\<\

<

- Coa

courses as electives.

this aDDroach K SN -
Oettlnger (16) firlst notes "...that we kéep-adve B
ourselves as computer s ientists, we are dang usly m{slea

ourselves, our students\qnd the world at large. At

nical subjects -we canhot afford to produce students who are
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ignorant of fundamentals, ¢hether of physics, mathematics or funda-
mental branches of engineering. Our students should be well versed
in economics. well versed in the social sciences." He is appalled
by the spectré of the army of technicians that we mith othrWise
create. b

Mercouroff (2&) notes that computer specialfst training is
~ bound to become steadfly broader. Rapid technological ¢ ge increas—
.« ingly calls for general education. Further; the many ne:aﬁsesroi\\

informat;yn processing require training in some additidha

X Accordindly, the number of pure comnuter’spegialists will decreas ]
a Seegmiller (21) sees his ideal graduates as those who pOssess -
vknowledge of one or more problem areas besides comnuting. who see//

quences in human organizations; are very “good in communicatinp and
cooperating with many other oEoble, are resourceful with anw:II>
.- balanced attitude 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 ooen when they set out e
for ‘automation')."” Indeed, this parenthetical remarK is- most'valxd .
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 Tt .
+ -human trelationships. Ignorance (too often by the "computing experts")
of ‘these impricQVions»doomS\the implementatio& to failure
In an articleswith RAlstona(28), I proposed a more liberai
undergraduate education than Curriculum 68 for the following orinci-
pal reasons: . . Ty
. - a) Computing perVades many “disc lines.‘ the comouting stude\“
® should have a background in %;e d}sciplines to which comput- T
‘ing contributes as well as those which Eontribute to comput -
ing. o ) )
b) The communications gap between the user of computing tech-
“ nology and the domputing practitione\\may be remedied by
exposing the computing student to user\dis\iplines, rather
than relying on the user to absorb. the new technglogy
c) Engineers and scientists are being held increasingly ‘account- v
able for the effects of their work on society. If computing

)

- ~ . technolegy is to contribute touthe meaningful development of
‘ society, the computing scientist must_ be a well-educated and
informed citizen. ’

Finally, and on pragmatic ounds , I note that Curriculum 68
implementation requires air amounm of resources - in staff, Junﬂf
equipment and funds. These r rces simply may not be avai}able
An ACM Subcommittee/eﬁafﬁglleizglege Programs has attemoted to shape

. Curniculum 68 recommendations within/thf/smallrfliberal) college '
*  environment (gQ). R ' //g; - _ _///y//

S - ‘ ‘ e
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This is especially true at the undergraduate level, and to the degree’

'{consisting of apptoximately forty-one semester courses: -

- \ b) Requi r distribution: Fourteen to fifteen courses would
N be distribute er other fields - five from]the sciences

o » . w

THE EDUCKTIONAL 'PROGRAM

”

"The pointsrof view expresﬁed above suggest that comquting edu-,
cational programs'should be interdisciplinary with breadth in a
variety of subjects and depth in more than the computing subject.

" possiblerit should follow through at the graduate level. Such an
undergrgguate program sheuld make it possible, indeed encourage the
students to obtain a "double maJor" degree, i.e+. in computing and
some Qother discioline. It might have the following constituents.
based on the normal undergraduate programs in the United States

a) Required Core: The core would consist of fourteen to fifteen
.-~ courses -. five reguired in mathematics, ?ive required in‘
oeas computing, two in %ngineering and two’ or three electi@%s

f %{Qm‘these areas.l

and engineering, and%ninesor ten from the humanities and
‘social sciehces. . ‘ t“
ioc) Additional Depth: The remaining ten to twelve courses would
\ be at the discretion of the student. He woggid beéencouraged
«to’ 2pply them to dne- éhd no morg than two discip ines so
.\ that he might‘fulfil the requirements of a QOuble major. 0
Note that students might well select courses from the humani-
\ ties and s6cial sciences to gain depth in these areas ‘rather
\\ than the sciences and engineering._
Such a program infers the following points. First the normal
mathematﬁcs courses would be restructured. It has been remarked that
perhaps ninety per cent of mathematics is not needed (by the comput-,
ing student) in its 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¢gar
these aspects as “impure“ (perhaps as pure mathematics terlds 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 tﬁ“the dirtiest of engineering. W
'should not be- agraid to display our dirty fingernails. If ind
they are as dirty as they should be, let"s be proud of it. o _
Third, we shduld not shy away from embracing business data - §
processing aspects into the computing program. Too often we relegate
this education to "someone else", because we regard business data
processing as evén more impure than engineering.'We thereby encourage

80 _ . _
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the vocational school~j§;
Those working in tfe busj
those engaged in scientif
should furnish these stud
to that furnished to the
we should design courses]
software management andl

:§§23mpu;1n
ents with an. inte
computer ngcientist". Alon
on management of computing facilities. on
on human and organization behavior among

others. The ACM Curricul

;¥ college) to take on this task.
a processing fleld far outnumber
<. 0ur educational programs
ual content similar
lines

m Committee on Computer Education for

Management has made a start th this direction with. recommendattons

for a program ir informat
Fourth, we must care

on systems (30). - gg
ully examine the interface between comput-

ing and other disciolines. It 1is true that engineers (and computing )

students) regard the huma

Yet this attitude often d

are taught in so dry 99

to the engineer.
Obviously, these thir

heart of the MIT report a

heretofore not achieved.

the education of users in

expedience. -

7

ities and social sclences as irrelevant.
rives from the fact that these courses
inspired a form as to be inc6mprehensib1e

#s are not easily done. Sqme lie at the
require communication between faculties
addition, they will make more possible

omputing. The program outlined above is

'  There 1is an explicit d stinctgyyfﬁtgeen the computer as a tool

and computation as a concep

scope to the 1dea of com
computers have fou

mhézcomputerxhas given entirely new

the computer as a tool may ngver be applied. The computer aJ a tool
simply contributes to the prevailing technological gap separating

i

indiViduals and nations. Howdver, the widening communication gulf
between people who employ furidamentally different strategies of
thought, exploration and undelrstanding is basically caused by the .

rise of computation. Too ofte

.our educational programs have empha-

sized the‘computer as a tool.!Too often they have neglected to stress

that the use of the computer

timulates and modifies intellectual

processes. Those' who are concerned with education must do Qustice
to both aspects in the programg they establiih.
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~ COMPUTER SCIENCE INM ECONDARY EDUCATION

. v .
o o by ‘\ -
/ / . .\\ .
Jacques Hebenstleit ‘
. "Directeur du Centre de falcul de
1'Ecole supérieure,d'él‘ctriciyé'

Paris (France)‘\

INTRODUCTEGN \

. 4 : \

Until a few years ago computer aciencé wis mainly introduced
into education in the form of "computer-assisted instruction”. In s
other words. computers have so far been little used in education
except 5 replace the teacher, with varying deghees of success.
In programmed téaching, "drill and practicel techniques or
. 'dialogues", computers™merely replace the teachen in transmitting
rnowledge 4nd testing what has been learnt, with &ll the flexibility

hese machines are capalfle, if protérly vrogram:%d.
However, a new tendency i» emerging, based- on ?he conviction
* q at computer”science is becoming\an independent fiﬁld end that its

.o thodology can offer education much\more than the a&tomatio of f

P xch 1nrgely minor tasks as the tqansmisaion of knowledpe
< 3

’

Al -
L2 { EDUCM‘ION AND THE 'I‘RAN‘?MIS"IDN oF KNowwmé\ : ' 5
: e :
Education has long been cqnsjdered as a system for *ranzmif%ing
owledge and is still so regarded to a considerable extént. ‘This is

plines" along lines which have 11tt1e varied since Auﬂusté\CGm 8
d y The objective is to filk pupils‘ minds with as much informz;ion

C‘
<\ “is far too small to attain a certain Level below which they cannot

In view of the steady increase in our, knowledge it was natural
try to solve the problem of cramming a constantly expanding

? - 93,_ /// &355
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content, namely the k wiedge to~he conveyed, into a 1arpely un- ¢

‘changed container.r eaning the ber-of hours a pupil is expected
to devote to his school actiy ties» .

On the strength of his/aut and ng work . n. animal psychology
and the spectacular resu;ts heé has achieveq1 Przf *ﬁginner hasl
‘proposed that this p/oﬁIe- spould be solved by prograﬁh d instruction. ’,
Starting with the premide that education is a system for {he<frans- =~
mission of knowled g, “he sugges;s that the use of the pupils! "1 -

/A

1hg capacf&y" shbuld be optimised 'by: R . Ny S
a) breaking down the recorded materigl into ¢lementary facts - 4.
: , and oncepts which are carefully analysed and_arri ged in '
* /// order\ of - importance; , © . ‘

b) 1ntrodhc1nn vuplils to these facts and‘conqepts one’ ﬁy one/
in 10r1¢al order; o,

c) ensuring that correct  repXies to the questions 1nserte
+  between the items of information .are fre
: ‘' pwalse.

Even 1f this method is supnlemented by 1mpro ements devi,e

Crowder and otherggég order, to make the sys
. singularly recalls the c nventional techniques used to duce con-

ditioned reflexes in" 1 ing organisms < p

There is nothing very surorising in*the| enthusigsm which this

method aroused when Ltrwas first prenosed, 1

01‘

ious examples. are
shing practiced by e
{gftechniques based on

the* kind of nsycholopical suggestion and braln
the mass média, not to speak of the advertis
: motiv‘lﬁon stndies These psychological and ociolopica cnnsidgr;
ations. alone would be enough tq'condemn thfs annybach a. a eral
Jethod of education. We shall refer late to.ité use 1 ce?tain
specifié cases, but there are even mor‘Wdthu#et ng --felopments
It 1g obvious that such conditio 1pp ryns cguﬁfer to the sorts '
of adap¥ibility which is more necesgary tha,/cv r at a| period when
.many speclalists foreaee that tndas c ) chilldren Will havs to
| change'occunations two 6r three #imes in their yorkinj existence.
' It is obvious not only for sucb/}easons of pringiplé Hut also in
| practice, since any technique used to teac mor thin s in less time
- " . has a twafold limitayﬁnn e speed it té es alhumarn being to learn
{‘ and the time he can devote/ to the learnind nrocLss s each of theae
( * terms 1is finite.’t proguct of both is alfpo finite, and this means
g that whatever the ethod used to transmit Knowyedge there 1s an
upper limit to tgé quantity of kno;ledpe an 1ndiv1d al can acquire
in the' course of/his school 1life t accordinr to/certain experts
the quantity of. information ' generated by our qpci gty now dngies
every ten yearé. and there seems to be no foreseefble end«to the 4
process,. 5 o
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L

- Ique of tehching ) . ‘
In view>of the technologicakﬁtrend of the prese ] .
hardly eg/, 1|1ng that mohgnfeae:iiifzg/shnﬁzz hav concentrated on R
the sg y5hd part of the definjitio e, tﬂe echnlque of teaching.q‘
’/f,f’?ﬁrcnly wonder that someone hab not imitgted the American company .=
7 which hes adopted the name of Edutronics d hag not supgested- bt
the atil ‘new activity known as educatio techno a;v “ghould be
glven thb name. of "ingtructics", "educg “or evenr"teachics" /

" This outlook 19 venx(gnfertﬁﬁate inf that not only can=the "w?od
not beia\enffo thetreea”, but that ( infinitely more aerious/
’r it induces such an obsession +h the means of teaching that
the means hcge’eventually become thefnds. I shall mention but o&e .
example, Hich has the merit. of beﬁ £-recent and is in my view pbso-

« lutel ypical. °
In a publication on compu%er-asaiated instruction which Was, 4/45‘) ,
Just been issued the author’does not hesi,“%e to lay down the axie ' v
that "te}ching basically ¢bnsists in trah mittihg information" 5-
hich, the_pdrollary is that the teacnp%. because he cannot y/ nivet~
sal, forms a screen betiween 1nformay&on and the pupil. The j#onclusion
1s that 1t is far bettel to let tpé pupil obtain direct agfess to “
informatipn rather ﬁhan thrdugh such &n 1mnerfect. ‘apprsk; mate channel S
as the teacher, - i
. It would hardly bé ja sipplification to say thy
. teaching 1g based on thip premise. )
Admittedly tﬁe latter Justifies resear W of the/tyne undertaken
by. an American team whicﬁ, after several mpfiths' 1n/ﬁstization. was
amazed to’ discover that p pills faced wiy a 11st off randém words
memorised themw’much more gqily when, hey were 1n2érted into a mean-
ingful text than singly. [ am) sure that everyone was duly ed{fied
when this truly surprising result was recently,ﬁublis ed .
x@ This example among m= ¢thers shows the degree to which American
research 1s conditiongd b behaviourism. Thlg behaviourist approach
15 #lmost alwaya &mplicit \Un-er the preten of objectivity the
qpil is trcnzéd like a bl‘ck box, no explanatory model of the co
- tent og/%ﬁé black box 1s efer puilt and +the consequences have/béepf
v;*;?// G/fortunately continue& ¢/ be, nothing short of disastroué
d /

i
. , 1 e
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" §ince the/ﬁehEVioﬁrist 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 comnuter,science
'deals 1th the processing of information ins the most éeneral sense,
. and a ‘education is substantially a way of'processing, certain infor-
mation|, we have attempted to anply,the methods of computer scienge

tb pedpgogics. ; / - i e

l . . -
, .

o' a) Attempt to apply the methéds of com ter sgAence xo pedagogics

Ns pedagogics is the ¢ience of qducQJan(and insfruction we

: felt that’if we were to make any progress we needed’a mo;/iégf/yﬁ R
LI individual fo hom, suéﬁ seducht ‘%as intended,-1.e. a mod of the °

pupil'himse . 'We wpre ot 1cbking for any universal model which

. gince -4¥ would have been” far~t00 comnlex for use. What we needed was
- am 1 whibh was general] enough to be really .useful and yet nrecise
/and/simple anouyh«to‘be rgadily utiliged.

o

. Considqriny that pupils are. oh the whole, iptelligent indivi-
duals, -the model we-“adopted pil was purely and simply the
u(_computer-science definitiopy of aq/Zzntelligent system", Thé defini-
tion is not new, as it 1ig the basis for considerable research on
artificial intelligence. In no case does 4t claim to destribe the
whole field of human intelligence. But owever-incomnlete it ig we’
shall see that 1t still has the enormous. advantage of leadinp to a
}number‘pf interesting conclugions. This definition is aaifolléas- )
+ «"A system interacting with tts enviroumént 18’ iﬂtellirent if.
- the system possessed- a model of 1ts environmengfa ’ N
- before action is taken tg achieve some specifid environmenkal
‘effect the syostem testz”ita action by simulating it on the

model.u L +

~

" action desirned to achieve the same effect 1s simulate
unt1l”a course of action is discovered which is likely tﬁ/
be favourable.

. . "Action then taken to influence the eqyironment may have two

' ' possible issues: * N

4« 1f the enivironmental effect achieved. conkirms’the simulated
effect, the model is reinforced; Yy A

7

- 1f the environmental effect differs fraﬁ the simulated eff@ct
the modél ig.corregte in the 1light of the result obtain d "

A possible objection to this definition is that apart -from/ a
» few details 1t merely reprodpces the definitionjthat "a system is
_intelligent if it ls self-adapting". However, the latter definition
ia of the behaviourist.type it 1s descriptive and/ﬁitimately unusable,
whereas the definition we propoge is of the c9mhﬁ;hr—science type,
enabling a utilisable model to be Sbtained. o

&

i
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* It is moneover interesting to compare eur definition g an
intelligent s&stem with the role which ?rof.'Jacques Moned assigns
to the brain: ’ L

USEg &+ ensqtes the control and the pentral co-grdination of*
neuromotor activitv. as determineduby afferent sensory

. impulses; '

= In the form of genetically-detprmi d cirdults, it contains

.« programmes of action -of varying d grees of‘comnlexity, whi
are triggered by means of specif c stymuli;

- Tt analyses, filters and integrates diferent sensory impulses
.in such a way’as to build up an image of the outside world
which is adjusted to the specific erformancee of the oarticu-
lay animal; o A /

- ,Pepending on the range of theee hpecific performances it
records significant events anA/classifies them analogically.

=, It associgtes these classifications eccording ‘to the concur-

- rent.or sequential relationship of events,making up the

classifications. It enriches, refines and diversifies’the

‘innaté programmes by including these experiences;

- It imaginee, meaning that it reoresents and simulates outside
events or pYogrammeu of action which are those of the animal
itself." - : ' :

&
We have, quoted Prof Monod at’ Such length not so much t¢ emnha—

>

- size hpw closely related these two definitions are but to expand on

certain points in otir own definition. 5 *
h '

b) The concept behind the modél o

'”@he term model normally con1ures up‘the idea of a'mathematiéhl
model as commonly used by phyeicists. We are not using the term
in this eense. Indeed, as Prof. Monod noints out, a mndel may b
causal, analogical, quantitative.\xemporel, logical, mathematicall,
etc. and it may .even be all these things at once, depending on which
part of the model 18 considered. ' ' 1
@ Very generelly speaking the model might be said to be a "fupzay"
relational sysxem (in the sense in which Prof. Zadeh speaks of

M"fuzzy sets"Y which is. formed by a network of epnnections of var] inz

degrees Qf looseness according to the part of the network considfred, -

does not/necessarily form a whole which is ghtirely coherent (infthe

logical/sense), but structures a set of memorised knowledre.
éﬂeturally, the model must not be epnyﬁdered as a Juitenosit on .

of orised knowledg with a relational structure,but as an intep-

acYion between the twon. This means that tke way new knowledre is]
quired depends on the pre-existe¢nt model, wbich “the acquisitig' of
ny new knowledge more or less radically alters“(this primarily heans
that there is no pure,pﬁenomenon of memorisation except of course in
certain processee/af experimental psychology). . -
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With reference to the remarkable' research done by Prof. Piaget
d his team on causal explariations, the model which the intelligent
‘system constructs might be described as a dialectic synthesis of the
oberational attitude and the logico-mathematiéal attitude, these two
terms being used as Piaget defines them.

It is important }d/emnhasizo. and we ,shall have occasion to
revert to this noint« that the model is used by the system as a fore-
asting model” result, the more extensive the environment to

[ , which the model, relates the greater the capacity of the system for
effective env{}onmental action. However, as Prof. Monod points out,
while the ﬁbd ~building process is innate it may be 1ntensified/ -

N refined ang/develoned. '

( In nclusion, it ia/clear fnpm the two definitions that exveri-
mentation is the only puarantee of validity and the only way in which

'°the/ﬁ/je1 can be corrected, amplified and developed.
1t wag on the basis of these considerations that we believed .
' the objectfves of education could be def%ned

‘ ’

.

" ¢) Objectives of education : : .

For many generationg gecondary education propnsed to "train the
mind" by means of Ureek history and Latin versification. Knowlodge
. and control of the environment was scmethinz wHich children were // /
' //’supvosed to learn from their narents. -t /
g The 1ntroduct19y in .France of compulcery’, non-denominatinne}4/ g
cost-free ucation did/little to change matters as iws more’
1

. lest co ' ned to the four onerations on real and rati lofs,
to cre)ling and the, 1ist of the main towns in each French d¢partment -
earn by

o8 har Ly cohengnt body of knowledre which pupils had to”
L hegft, © o :

_This whole syutenf was challenged by the ev
of technolorical growth. ‘
"Faced with the increace in the mast of accumulated knowledge,

the oducational oyatom roactod b?'lnflnting the curricula and
A . " increasinr the number of subjects taurht. Ag the pace of tochnological
' nrogress quickened it had tn call unon technology to try tn teach more
thingo in less time. Finally, disheartened by the 1ncreasing1y rapid
. obgsolescence of the knowledge acnuired, educationists launched the
slopan "teaching means teaching noonle hnw to learn", as Af tiris
formula which is nothing but an admission of impotoncoe had any éhance
at all of solving the problem.
In view of what is5 now called the information explogion it ig
. clear that conventional education, conceived as o nyotom of trans-
mitting accumulated knowledge, is on the brink of bankruntcy.
If we now reject tho idea that cducation ig the tranomicoion
of knowledge and analyse the approach to teaching Qy taking as our*

! -~

~increasing opoed

.
.
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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. ‘ o .

., ' We have see%that an intelligeént system possesses a model of
its environment d that -this model 15 used by the system as a fore-
casting modeL developed and improved by experience.-From this stand-
point it may be said tHat "learning means learning to nlan ahead"
_but although learning by experience is effective 1t 1s also the
longest method.
, ] In these cinr mstan , the major obiective of education may
“be said to consist 1 educing learning time by teaching. instead
of knowledge, the models which make such knowledge coherent and
therefore overational. From thi® 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 env®ronment Qo that he
can exerclse his activity, whatever it is, with a chance of increas—’
ing success. * )
May I point out that the model in guestion 1s not a mathematical
one. While the latter certainly has proved its worth, 1t is by
definition incapable of representing the whole complexity of the '
environment. . - -
The term model here}follo&s the earlier stated definition, and .
as such can be usgd in all discipolines, including those scarcely
lending themselves to experimentation.

3

As previously defined the exact sciences provide models of the
physical environment (physics, chemistry, astronomy, etc.), the
human sciences models of the social ' environment (ecrnomics , socio- e
logy, etc.),.while the arts and literature supply modeld of the-
human envirdnment (aesthetics, imagination, emotions, psychological. .
reactions, etc.). ‘ i

) L)
\ . ¢

I
!
i
i
,

COMPUTER SCIENCE AND EDUCATTON

<;he purpose of the foregoing remarks: ‘has beéh to show that when
applied to pedagogics computer science is an independent science
whose function 1s to provide informatibn for as well as to gistinguish
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 1s a 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, deevpen

and improve their model~building aptitudes rather than more or less
completely reproduce some sub-set of knowledge which they have tried

iy

to memorise as best they can. ‘ i e
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Teaching by models 1§ usually plu*idisciplinary by definition,
N since the mechanisms which control the envirQnment cannot be forced
Eﬁ into a mould, like Auguste Comte's classification of the sciences.
, It 1s admittedly difficult to introduce such a form of.education,
" not however becapse its principles are so very new. Many teaching
' manuals show a tfend in this direction The real trouble consists
in proceeding f the’ general discussion of some given oroblem to
the stage where the model is systematically used for teaching’pur—
poses. : ‘ g .

' Teaching by models raised two further préblems which are
incidentally cofnected. The first problem afises in analysing the .
actual' teaching »rocess from an information-processing standpoint. = =
A teacher who wishes %o 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 1ikely 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 linguisti¢ conventions. Recon—
struction i1s the work of the pupil and nobody else.

We do not propose to revert to Plaget's well-knoﬁh experiments
\ ' which show that certain concepts cannot be communicated until the.
pupll has reached a certain meptal age. But it is pretty clear that
the meaning as reconstructed by the nupil will invariably depart to
some extent from the meaning the teacher wishes to communicate, and
that the gap will obviously not be the same for each pupil. The
\ situation can be summed up in the well=known saying abnut the-'tedcher
simultaneously giving as many lejfons as he has pupils. This problem vy

i

. of communication. is particularly ute"when models are used, i.e.
. with teaching relationships between thinés rather than the things 4
themselves. . - .

The second problem, which 1s more or less connected with the
previous one, consists in testing. the;model by comparing 1t with
real life situations.

We have already séen in connection with the definition of the

. "intelligent system" that the model constructed by the system can .
only be reinforced or corrected through,éxperimentation. Only by
testing actual situatjons will the PUpil be able to correct any

- deviation between the,model the teacher has tried to communicate
and” that which the pupil has actually built himselfx : -

Testing is therefore an absolute requisite, 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?

4

: ’ ¢
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Computer-assisted instruction AN . ’ /

’ﬁlthouzh experimentation ‘at the actual scale 1is alJQYs desirable
it 1s unfortunately almdst neGEr possible. For teaching vurvoses,
however. a bomputer—simulated model can be an effective substitute‘

In our view this 1s one of the major educational roles which the
computer will be expected to play.

Since teaching has been regarffed as the transmi sion of knowledrge,
the natural reaction has been to .u e the ccm uter fo the same purpose

" by having it take over some of the work from the tedcher.

In the extredb case there would be no reason why the whole task
of teaching_shauld not be transferred to the computer, which would
simultaneously play the vart 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 seriousiy together with
considerations on the changing role of teachers, wno would thus be ,

..relieved of routine duties as educational nsycholo¢ists and could
' statisticdlly analyse pupil achievements plotted ih more or less
complex diagrams covering each subject. 1 '

*  This 1s not. to say that in certain eé4ses the ¢omvuter is incan-/
able of playing such a part. The odd, yet hardly: unéxpected outcome/
is that several educationists should have prompt y ‘regarded nartiaI
tests as generai proof and elevated this method qf usins the compufer
into approved dogma. Such an attitude should notgreally cause surbrise
since it 1s a logica¥ development of the computer{'s history. For 1t
must be admiif#ed that the use of computers was inFtially nronnsed by
computer speclalists. Not being teachers they stopved at thg1most
superficial aspect of the teacher's task, i.e. the transmission of /

_knowledge, and eagerly staged exmeriments to nrove their voint. 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

_ dlong the lines sugrested by the computer specialists.

4) It 1s only recently that a number of: teachers. have rained a
fuller knowledge of computer capacity and computer methods, ird have
- gly approached the basic i1ssues afresh.

NS a striking similarity between experience with. ejgputers
d icr? management .

In mafegefient a start Was also made by using the comnuten/for
minor tasks (pay-sheets, ‘invoices, etc.) until managers came fo
realise what the instrument could do. Only then did the real. comnuter
revolution in industry begin: manual techniques were jettisoned and
the‘radiCal overhaul of management methods}which we are now, experienc-
ing: was undertaken. . P

The process 1s now a standard one, and it would indeeﬁ seem that
the '‘present growing 3?153 of computer-assisted instructiod conform
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. to the pattern. Up to now computer-assistéd instruction has been in )
' the hands of computer exverts and subje therefore to every sort of
trial and error from a teaching starddpoint. ’
Only recently have teachers begun to tackle g%e 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, ﬁ%‘do with
teaching than with the computer ard’ can onJv be\nronerly tacklﬂh by
teachers themselves. '

a4

I3

COMPUTERS v EDUCATION

It emerges from the. foregaing that the computer 1is simply JL—/
tool and that what really counts 1is the methodologv of 1ts use. -

in many places it is considered that the problem of teaching
computer-science 1s met when a numnpr of lessons have been given
on computer gtructure,’ technology and lanmiage. But it would Seem
that the real problem has been bypassed. : .

From & 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 telephoge or televiainn While a/few lessons devoted
to the computer are always worthwhile, this ig far removed from
teachinp computer science. . )

From the qtandpoint of programming languages, 1t is increas—
ingly obvious that these are®part and parcel of the comnuter tool
.and come under the heading of technique. It is, of course, essential
that nupils should learn a programminp languarge 1f they have access o
tn a computer, bui It would be dangerous to consider that they have
been taught computer gcience simply bécause they have learnt the
language. “

The fact 18 that learnihg a computer language does not help -
anynne to use a computer for solvinf a problem any more than learninz .
to drive makes 1t easier to pick out the best route on a map. An even
more serious problem ig that a orogrammer who knows onlv 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 vroof of this 1is
the programmer's endless difficulty in trying to learn another tybe

- of language (e.g. COBOL for a FORTRAN computer). '

This 1s because a programmer gees his computer language g a
set of more or le arbitrary constraints through which he eventually
discovers metho for expreEEinn the problem he wishes to solve. If
he alters the nature of the objects to be handled (revmlacifhg’ numbers

+ by files) the orogrammer must again resort to trial and error before
working out a methodology for nrocessifir thé new data.

e °* - 102 - ’ <
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If instead a cOmputer is regarded as a device for manipulat pg
symbols according to purely syntactic rules and programming lpﬂpuages
merely as a set of methods for elucidating ‘these rules, cleanmy %he
fundamental problem in computer science 1s:neither the compux;p nor
the machine language, but the formulation of an actual aitﬁ?&ion in
purely syntactic terms, 1.e. the construction of a model, o

, It is on this account that model-building must be reﬁﬁ?ded as
" the basic approach in computer science. .
/
CONCLUSION )

We-nave.attempted fo show that while the processing of informa-
_ tion is a science, it is not one .which can be apprehendcd by mérely
studying the basic too¥s, 1.e. the comnufb(gand nrogramming languapes,
any more than astronomy can be reduced to the detailed otudy, and
opération of telescopes. o

This does not mean that a computer utilication coursge mhould be >
rejected out of ha d but means that it would be a serious, miatake
to imagine that computer science can be taught by this ald¢ne. The
latter would merely be a technical course designed to explain the uge
of a nilece of equipment. The auestion is how much importance should
be asdigned to such technical aspects in secondary schqbl. which i%/
concerned with general education. ° ' '

We ‘have emphasized the fundamental- approach in cOmputer sciencey
i.e. model-building, which may be briefly summdrised as the study of‘
methods to solve real problems with the help of purely syntactic
manipulations. N '

. At the present stage of our knowledge comnuteq sclence as guch
can therefore hardly be conaidered as a diacipxine capable of _being
taught 1like mathematics or geography, simply bécaugo we do not yot - @
know whether there is a general mefhodology of model-building. T

We do, however, have some kncwledge of model-building in indi-
vidual disciplines. It would therefore seem reasonablé 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‘hethoda
but simply call for a different aporoach, each fact and each new
concept acquiring a new dimension through the model which integra%cs.
clarifies and explains the fact or concept.

This approach to computer science in education closely matches
that adopted in the experiment conducted during the past three Yyears
'in French secondary ochools under the aegis of the Ministry of
Education's Information Processing Commission, directed by Mr.Mercouroff.

. | | 85
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" In the firut phase of this experiment teachers frem 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 partieés revealed the difficul-
ties of .teachers who'thus had to revise their whole teaching approach,

but algo showed that a Zumper of positive results could be achieved.
' The second stage whs to install "tile-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 cost of the computers installed, this is the only way to ensure .
that the Introduction of computer science in education will not
become a mere gimmick or produce what the British and Americans are
dlready ‘calling "FORTRAN-idiots".
! . ' .
1] [}
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THE COSTS AND TECHNOLOGICAL FACILITIES .
. - WHICH TRAINING INVOLVES

by . ' '

R ' ’ Jacques Suchard -
Chargs d'enseignement -
. Institut de Programmation
Paris (France)

A / ) .
/ I should like to begin by a few remarks on the way I have pre-
'sented the subject at the risk of being taxed with dishonesty in my
/interp?etation.
The first remark concerna the sequence in which I have intro-
duced the two operative terms. I have placed "coats" “ahead of
" ifacilities". This I feel to be important in €he sense that it is
‘ consistent with the usual wegfn whic unfortunately computer systems
are chosen. In.the abdence of any info; ation as to the actual tasks
the computer will be ﬁequired to perfoym, costs are often estimated’
in terms of available funds or, failinf that, of the budget which it
is felt can "reasonably" be exacted frgy a board of directors. An
effort is then made to,determine the m,ét sensible configuration
compatible with such a parameter and 4 xit turns out to be suitable
so much the better. This is a tynical xample of the procrustean
attitude so commonly found among Pll ty pes of managers, for the
exercisd4 of such brute force may well result in a ridiculously.
inflated| budget. A striking example of this attitude is the develop-
~ment of the "IUT d'informﬁtique",‘yhich are "university institutes
of computer technology" much likewthe Polytechmic Institutes. Origin-
ally clapsified as properly belonging to the tertiary sector, thhy
had very| great difficulty in gotthng off the ground since their
allocatibns were tiny compared with those distributed to the "IUT
d'électrpnique" or "IUT de mﬁcanique". which were ranked in the
secondary sector (industry). Sincg being reclassified they heve been
allotted| an amount of funds for equipment which is inconsistent not
only with the limited Proportion of' cotiputer instruction in their
curriculum but also with the appropriations granted to the universi-
ties, which offer a much longer and a much more detajiled course ‘
Q signed for a much greater number of students. f)ﬁ?
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How should the word "coat" be interbreted here? 1 prefer wo
consider that ,\ia term concerng anything but the financial aspect.
] ¢ up against the almost insoluble
problem of "production coats" 5 is always a difficult pfoblem,
but here it becomes ono of dauntinp dimonaiono when it is realised
that a Ieading world manufacturer failed to refute an allegation .
qfficIally made by an association of independent competitérs, which
was that the average producti?n cost of the type of peripheral
equipment goneroualy leased out by the said manufacturer can be
recouped in one monthi Is it posgible to quantify the development
cost of a conversational system get up by a university for. its
teaching requirements and posgibly used by other similar Institu-
tions? How ig the cost of "manufacturing" teachers to Pe evnluatéﬁ”

A3

. Should it be.considered negligible in all cases, or only when fuch

an activity isg occasionol, the principal fupction 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 express them in standard termo, i .e.
money, energy, etc. We shall therefore consider a "time budpet"
representing the period of training personnel, a "personne) budget"
defined in terms of teachor/studont ratios, an "equipment budget"
covering all types of '‘systemo required and distinguishing between
hardware and software aspecto, and, finally a "relationg budget" to
deal with actual problems of the operatinnal or resgearch type. An
attempt might be made to combine this 1last 1tém with the first or
second one, but this is believed unwise ac the people concerned
belong to quite a differont category from that.of the ugsual guper-
visory gtaff. This distinction may appear rather too cvecifically
academic for a type of training provided in anm industrial setting
where supervigory ntaff are mainly drawn from "active" instead of
opecialiged pornonncl It will arice again in connection with
recearch as goon as any kind of in-depth training io considered.

My third remark concerns technological facilities. These must
be very varied. In presenting his pnper Prof. Seegmiiller emphasized
that students might fiot have enough contact with computers during a
university course. This ig perfectly true and by no moans limited to .
ctudents and universitieg, when I think of the many oregrommers I
‘have met with three to six years "experienca" who had never had any
contact with a machine except through the‘etraight and narrow gate
of a despatching centre or the protéctivo‘"screen" of compilers,
systems, and maker's manual. No doubt the greatest migtake in thiso
field is to imagine that the problem can be solved by a "deus ox
machina",{i.e. the "bip" time~scharing oyntem.«Thin can nnly regsult,

. in petting up an oven bigger omoke acragn between the subject .and

B ! ~
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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-
sharing system is strangely affectéd. They very soon get into the
habit of relying entirely on this kind of guardian angel and ceaae
to make any effort to think and even to analyse. This has led to the
proliferation ot ultogether spineless, largpl ' phaveless systems
which may legitimately be described &g "%qmpy er cancers'. Prof.
i

Seesmiiller has quite righ_fg_p_gi,ntm out bgy’} f#rogrammes of this
kind cannot possibly provide suitable, i Able, products. .
Does this mean that conversational s at f&bould be prohibited?

" Certainly not. But they must be used spar HFI t§1n homeonnthic doses,
e

as it were. They are perfectly auituble in tHe arlier stunes, for
tntroducinn ney ideag and octructures. But 'thedt uce is by no means
limited to the initial vhase, since new 1deas kan be digcovered at
all levels .of training. On the othe¢r hund they need to be used in a
more normal environment and this mugt be done a5 goon as possible.
A food conversational system is thus a remarkable experimental tool
and should be left as often as vossible at the otudent's diovosal.
.There can congequently be no qqéntion of a big, universal computer
except in really apeclal caceo ;where coot is nn object. A rather
durious .controversy is develqping with repurd to the value of the
IHM time-sharing overatiéns¥ Hxpbriments carried out by several of
my reueurch workers have y%lldod abgoolutely contradictory results,
ranging from deveral peconds to ceveral dozen minutes for the execu-
tion of original instructions. As this, disciepancy was permanent and
conpistent for the came veople, a short investigation showed. that
the dissatiofied narties wore those using TS0 "normally", i.e. as a
timo-sharing operation like any other warranting averare priority.
Their onnonents who loudly championed the system all turnéd out to
‘be mombers or affiliates of a centre which oxclusively usep a big
370 machine for o permanent TSO service. They undoubtedly have a
powerful tool for systems research but this kind of solution is’
about as economic ag the famous MIT "Multico" which "in June 1971,
dospite efforts soread over 10 yeara,‘continued to have the same
point of saturation as a MAC, i.e. some 9 to 16 real users. Hence
these are primarily research tools, though at a pinch they may be.
uoed operatinnally by customers whose time is roughly worth that of
puch systems (F. 5,000 t6 20,000 per hour). Ao far as teaching io
concerned thev are too expensive, unnecessarily powerful and compli-
cated, 1i.e. too nnphioticated.
We must not forget to dofin¢ the objectivg of this evuluation,
i.0. training, whether ns a progfammer in the Jspace of two short '
woeks, after a féw moriths' corregpondence course, Or as a syoctems
ngineer. All that con be caid about the first case I8 that extra-
ordinary facilities would be neciled for real efﬁocti@eneoo. Ac .a
. \
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R rererence we will edopt tbe profile defined by Prof. Seegmﬂller é’

- was an ideal whrch any serious computer training should try t /:;;f
par,

""the, paper he read in October 1972. As he himself 'said, the profile

towards. While Practical training may achieve no more than
thie ddeal it should reepect eeeential ¢riteria and Elti te

of

. obdectIVes. : . g

The first esse!ntial element 4n training of this kifid -V the
time fpcto + Whatever: “the’ level aimed at and the skills of the per-
sons qpnoerned thelrequieite téchniques- and all their ; plicetions'.

/ can nev‘%‘be Jlearnéd’rapidly. Even an intenBive seé of one .or

ical applicatiopa, Treining and employmént can also be afsaciated

_ two wegks cen be: no more than introductory or mefely ffer a pe~'_ .'

" fresh@r couree in a &imited field. The rudiments of a language can- N
. be leernt in eeVeral daye, like the rules of eomeznerhapl amusing ., .

but’ etill rather arbitrary game. The algorithmid or syntactic bases
rqquired for real underetanding, but whioh are’disregarded in a
gourse’ of-thie kind, call- ‘for a dirferent order of mental activity

and much’ more time for reflection» Although the bases do not have to .

be retaupht for each languape, they must be-learned sooner .or later

- and probably the sooner the hetter. ) :

‘ Progrdmming is also & eector in which haste can be dangerous.

It may of course be argued that nrogramming i# not a part of training
and that it can be ecquired iby practice". And yet. riohody would dream

‘of aesigning a real and ‘thepefore. complex problem to e programmer who "

hed learned no more than some theorv, together with a few eimplified
end rather ebetrect exercieee. If it ie to develop properly, progrem-
ming skill requires as much work, care and steady puidance as musical

skill, with which Prof Seegmulleriso rightly compates it. Bad habits

are as’ eaey to acouire 48 they are difficult to lose.

In considering such other basic components asz computer etructure,
computer sysctéms,, fields of applidhtion and the technical and gocial
implications o'f computer science, the same conclueione would be
reached. The training of a good computer epecialist ie a matter of
years, not months. Does thie mean that computer nerfonnel cannot
effectively work before the age of 22 or 23?7 By no means, since
conventional .traini’g of gnivereity or similar’ tyue is not the only
possible eolut;on. Depending on -the, circumctences, a "time budget".
of three or_four years may be ueed in many different ways. -Annual or
eemi-ennual periode may thus be alternated gi‘ween traininp and prac-

Dore clbselxmon a temporary or permanen half»time basis. This scheme
hae been tried by a- lerge number of stu ents of;fhe "Ingtitut de
programmation” and the results have generally been very eatiefactory.
both types of ectivity favourably interact, with littlp oFf no increase
in the durefion of etudiee, together with pructieul programming
experience in one or more types of application. ”
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» Whi;e for training at intermediate }evel the time allotted Wit
a'might be shorter, the equivalent of at leaet one year is iikely to
”be required., :

o To this "time budget" must be diréctly associated a."pereonnel
ﬁhdget" répresenting necessary te@c&,;ub staff. The teacher/trainée °
ratio is not essentially different from the usual figure insother
-disciplines; i%e. oractioal classes and tutoriale of 15 to 20 and
lecture groups of 100 to 150 Classee could of course be conducted
‘for' 300 or 400 trainees in an amphitheatre, but two-way communica-
tion ‘would be largely imposeible This is also true for practical

- classes end tutorials, where the figuree mentioned must not be ¢

" excee ed. otherwise the teacher will end up. by doing all the exer-
' ] on the blackboard instead of actually checking the individual
-or ‘his etudents. with narticularly disastrous results for pro-
'ing. The, eame problem arises in repard to proJects. which

" * begonie the main activity of 5tudente from the. third or fourth month

gerimenta show, the systems

a

ards. ‘At that stage the teacher's threefold task is %o .advise,
! -
m nitor and correct the student. so that he can become proficient

ie art of prog{amming‘a well-as in analysig techniques. Thie
requires a tea/her/trainee :;t&g;of 1/5 or 6 in univer ty-type

courses of: 15 40 20 hours per wegek. The ratio muet.of cqurse be £

higher in.intensive courses of theﬂtype provided in French enyineerh'
ing schools. An attemz:’mgg be made to reduce the ‘size of this bud-
get by usihg.c;ggute? assisted tion techniquee, which are )
now,beinguyide Y tested in unfversities™wpd -industry. As thege ex-
ake sq long a! are so difficult to
evelop that the most likely way of achievi economies:is to insti-
tute continuing typee of training over-a considerable period of ‘time
and over a considerable geographical drea. An easier balance may be
struck in the next few years as the cnet of proceaoing equipment
decreases and conversational systems euited to these techniques are
improved. . : . .

This is of ‘course not the only way in which computers can be
used to train computer peraonnel They are an essential tool for
practical work in converaational or batch~processing modeo Tn both
cases they are of coneiderable 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/hinor aspect

thousands of different programmes and the time ratios betwee
ay exceed 100. Determination of the optimal programme is a

o ‘ o . '101'_.
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" difficult ppbceaa hnd dependd on thﬂ’”ﬂfucture of tﬁé coqpiler and- )/

object computer. tt shoyld dlso be natad thatthe" optimgl programme /f
from the ‘standpoi t of execution time is almost nsvc?ﬁ%bo one written
in the most elegai t and concise terms. The situation io.even more {“
difficult in the pase of programmes written" L. gaaombly’lanpuako.
owing to their vglume and thd wide latitude ziven tf the ‘assemble®. ...
What can we [say about the choice of, comnuforu In yafch pro-
-cessing, which ih the main activity of ggineea, a med{umpgize B .
machine is need¢d at the outset. Its» ke»ia detZ:mined by,%he daily. ff“h
numberbor Jobs /it has to performf/wh ch*may be set at°0 5 to 2 ver - ﬁ,
trainee, dépe -inéjdz’thocmime of y d?. Exacutﬁpn Aime is ﬁenorally
quite negligil 1/} ompdared with the tine requ};( to :eatart _the
system. On t} ‘g point a very hnmorouo vaper was raad by Prof «
v Michelson a¥ the IFIP Congré;@ in EdinBu gh eon'y excentions °
are simula{/ion programwea./ epfain numetic analyoin and operat;onal
research ; Vﬁgrammoa. on't Z/ether hand, ¢ volume of print-outs is}
alwayg/Géry subatantéﬂl Justifies a certain amount of .over~ .
equﬁpﬁ t for this p - .THe volume ¢f punched cardo can be cdn- \
ni';r y "reduded by me qg of programme storage. and oditing. Thia,
50 eads to a certain economy in- nrint~-outs, hut the necegssary
qtorage equipzfﬁt .mugt be parefully ovaluated In anv event, the w
’m” essential factfor 15 an exdellen oporatinr syatom and ﬁood camni]ers.
The quality compiler and asohmbly diapnosticp may be a decligive
. factor of smd®th operatisn by ¢ noiderably roducing the number of
runs needed to test a prograomme as well as shortening the work of
the personnel, Z/ -
The computer used for bat h-procesainp need not be- nf any
opecific type, and a few hourd on a bir machine are quite ‘feasible.
, A few runs a day will suffice to facilitate the work of the ntudonts.
but any exceos chould be aveided' since otudents may be disecnuraged -\
. by too hot @ pace from analysinr tho digennoticDd arefully enousgh
‘to bonofit from the noxt run. and this tondg tn\zicroune the number -
" of tasta unnecesgarily. thn the number wf students is small it is
quite podsible to*use a Heavy remote teriinal connected to a bip
. compUter and even manape it orf an npem-sbdn bagie.
We have already said that:the conversational mode éhould only
be used durinr ‘throg or fnur weeks for introdycing gach of the main
pragramming chnpters. i.e. machine chde, assembler, varinup lanpuapes,
syotemo, and for resocarch. The only exception ia nfacnurse when | o ",
4 nnraons are being trainod tn work nystomaticully in thin mode, but
theoe can only be unorn. It wao alno pointed'out that big convertg- < b
tianal systemr should Aot be used. X auontion ia whether fhe modium-~ g
' pizod computer used for batch-p geuuinr can also be operated in the
conversational mode. Thig io not’ imposaible, particularly if train-
ing io tﬁf sole objeet. In that caoe woyk can ge nerformed on a
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and nartlcularly if in batch-processlng the ti of somevbig'maéhine “
is shared, it is preferable to have a low—powered -ﬁependent con-"
versatlonal system. Built up around a single-disc minic-'uuter,
thes systems generally have 8 td 16 terminals which can‘al be
used wt once, together with one or two conversational languapes
Theyvcost between F. 500,000 and F. 1-million. Simpler systems
limited to 8 “terminals and often working with a slngle language are
evenfcheaper (F..104,000, .to 300 OOO) Integrated mloroprocessors
\a soon enable even cheaper specialised svstems Eg be develoDed
_tonz\ﬁttraotlve sblution is ﬁo ‘use a minicomputer as*t hlgh-speed
satelllte\of a big remote sistem by connectlng terminals to the
Vminlcomputer\so that. the remote system. can be\interrogated on a

.

time<sharing ba51\\§fh1s provi?és a third mode in* which the mini-
computer operates a

o

als and the central REE (remote job entry) system-
These - two chapters do\not cove//the/whole "eouipment budget"v
Audio-visual techniques might be\\f oons1§erable assistance in com~
puter traihing &f usab1e documents were not 80 rare The main factor
in this sector is §he specialised equipment for practical work
o deslgned to'fa0111tate the’teachlng of computer structure. This
training is important for all computer personnel and essential for

a concentrator of messages between thg,termin-rvrﬂr

those specialising in systems design. Equipment in this instance .

largely consists of models for simulating the operation of various -
: ﬂarts of the computer; from logic elemerits to whole units. The basic
equinment makes it poss1b1e to view the main methods of storage and S
1nformatlon transfer and to synthet1se the operators concerned, 1 e\\
fllp-flops,'reglsters, different types of link, buses, memories and
: ar1thmet1ca1 overators. . The system used at the'mnstltut de program- .-
matiod is based on a cold oathode %hyratron actlng as a logical

elemeént and’ also as a viewing element” Other systems enable the

g detailed statlc and dynamic operation of logical elements and. the
s exchange mechanlsms between the processor and the peripheral unlts
R to ‘be. studled experimentally. Each of these systen& costs from
“F. 20,000 to F. 30 000 for a-practical workshop déﬁlgned 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 1arge1y depends on the environment and on the
computer activities of a practlcal or research k1nd which are per-
S .rmed It’blays an important part in connection with the systems
pro SOt and specialisation. .
In conciuding this evaluation, every ten students may roughly
be said to require~twqQ teachers and computer specialists, a computer

worth F. 40,000 to F. \fTw or an equivalent sum for hlring a-
computer (up to F. 1,000 per mo 1) and gpecial equipment for
» . R
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- practical work costing from F -1,000 to F. 2 000 Th s evaluatIon
is valid only for fairly big student intakes (100 students at least)
The . figure w111 be higher’ in the case of smaller intakes. In any o
event a comparison between these figures based for example on the\
payment of an average remuneration of F. 3,000 per @onth to teachers
-shows that the "personnel budget" is by far the preﬁominant factor.
While the "tlme budget" is particularly difficult tb evaluate, it
_appears to be greater still. .
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CAREER PRORFIES IN EDP X SRR N

T Fernando Piera Gom 9;

Dlrector quQutivo C.P. D.

Centro de Proceso de Datos — — -

Ministerio de Fducacién Ly Clengia ™~
Madrid (9uain) :

. 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 4 totally structured career. Fufthermore, in
many enterpnises 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<it 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 o oo

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 selfiing the computer or actually in the computer firm itself.
Because ‘the computer was unfamiliar at the time, and such an expensive
machine had to give a maximum rate of return, high salaries were
offered. Jhis implied from the very beginning that EDP jobs offered
a means 'prombtion for staff from other parts of the énterprise.
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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 .of people who™ could be recruited and trained within the
eénterprise, hiring already trained programmers and operators became

A/ the habit in recruiting EDP staff, leading to a real spiral n

. salary levels, without improving or having any effect on the quality

* '.," of the work being done.

: fhe recruitment. of trainees from EDP schools has only‘;ecently.'
started and the resul%s are yet to be seen, but until the tQrnover
is higher in the EDP departments, staff do not come from other parts
of the enterprise. The problem is simple, that there is less-moYe-

i. ment among the staff when there are career possibilities
’ -But before going further we mugt distinguish between ED

cL managerial and EDP non-managerial JObS, the latter beingumqéily

‘ "technical and the Tormer supervisory The requirements and-training

qualifications for,EDP technical jobs are usually clearly defined

in most of the available standards, or company job descriptions,' y o

but this is not the case for supervisory and manageriai posts. Here

. too often the computer myth has not yet disappeared and more atten-

~tion is paid to technical skills than to managerial talent# and .

knowledge. Training an EDP technician for a management position with~ -
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 experiented’ senior
programmer might not be most suited to be a programmihg supervisor
who could later be trained for EDP- management.

EDP AS A CAREER WITHIN THE ENTERPRISE o

If EDP is merely regarded ag,a new 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.

e If recruits for EDP come from the rank and file in the enter- )
prise”they are presumably going to be properly trained: but this” 7
is not our point. They may enter and léave EDP at different levels.

Where are the EDP entry points? There are clearly four maih
points: a) operations (machinery operator and data control clerk):
b) programming (entry point at lowest level): ¢) 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:

106
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i) Machine operations and B ;-' / b
. ii) Data cdqtrol. ) ‘
A clerk in the firm can _easily be trained to b come a computer oper-
ator and a typist to operate a data-input dev ce. ) \\>
. An EDP career can be launched -ffom thes7 points more or less on ‘
the following 9ines: 5 . ,

, Input device operations

Comnuter operations

* | operator shift,). . ' Shift
, leader ‘ ) ; leader
. T T
. t y ! '
, » Console | ! y : \
I operator| ) '

| r o S \

> Computer| - R Device

a ] o joperator |’ . operator

iy /////' " ‘ SRS
. - '
Recruit 7, ' . Recruit/////f T

’As in machine operaticna. a clerk or tybist can enter EDP at
dath control level. Training offers no difficulty, although thetre is
advantage in recruiting staff from the departments ‘whose oyn.data
.are to be handled. The career in this case is marked by no snecial

: pattern. .
. €lerk | * _|Data ' "] Groun ) ,
typist): control . leader|
- . clerk

_ This leads to the obvious question as to why computer room,
data collection and data control management and supervisory job¥
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 manageriaﬁ
skills require special training and so enable the emW:ax;es cencerned

.to pursue their career within the enternrise: but ou\si¥e EDP. Here
we find an exit point from BDP. At the same time, junior manag®ss—
an occupy these positions successfully without much EDP experience

| - or training. . ‘ .
‘\ ~ - - -
\ : g : -
b)" Programming .

Here we have a similar situation to the one explained above.
Emplayees coming from clerical and technical jobs (and, of course,
conbuter operators) can be trained in programming and so enter EDP.
The career pattern may be as follows: - —

>3
-~
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'Recmit —

Trainee

programmer

K
s o

_ISystems

programmer.

’ Senidr . N
1Programmer| *Iprogr nmer

'

Again, managerial vositionsg in programmink are cons dered to*
require special training in management skills hnd this- c n open up

career paths outside EDP or in EDP managementu

' »

c) Systems analysts : ‘ 4

This is aﬁ\interesting entry point into EDP for staff who have '
reached a bertain level.'in the enterprise. In pinion ‘these
experienceﬁ employees can, with proper training, become the most
able systems analysts. They usually have sufficient ‘knowledge and

experience’ of the enterprise t »ehable them to take the ri decis~

path for them g/uld’/e° .

- Systems Systems Senior } -k
Recruit = analyst analyst ~_'syst ms
| traineg| - yst

b
.Aga{n. jobs that require managerial skills such'@h project
. manager [team leader, etc.,call for vroper management training and
this will of. course omen up new career paths in the ;~¥erprise.

d EDP management 'N\§~; »

’ The management of EDP functions is of the utmost importance.
and there is growiny’éﬁreement that it should be:in the hands of
.managers rather than technicians. )

Accordingly. I believe that the different EDP functions which
we have mentioneds 8b far can be managed either by EDP professionals !
“‘tretn'¢~inwmanagemgn»_j“9hniques or by-manageria\ staff of various

manager. And their managerial position_in EDP can be regarded Aas an
.8imilar position within the entgnprise. They can:leave EDP in the
same way as they came; though of course a nossible career path in

EDP management could be as follows:
*‘v

EDP- -

'Computer operations Programming . Systems ;
manager manager ! analysis manager
: manager T
Data collect Data' collection Programming Project
manage supervisor supervisor 1eader
Data cont Data control !
manager supervisor ! 4.,553
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A1l these;poaltions would of course require EDP technical

training. at different levels, but the main item to be corisidered v ', 
isﬂmanagemgat expertise. ) . ) .V
o . Lo
EDP AS A CAREER/IN ITSELF- " ¥ g'

we consider EDP as 346/;eerv1n itselrj disregarding its .
environment, the carser paths can be different from those described N
above. Assuming tﬁgt the lo!ggt_ggtry point in EDP is data control, { Wt

kg
a clerk in data control could become a data collection gperator and F ~$
from there move up to computer overations. :}
A shift leader computer operator would bezﬁﬁg/;’proprammer’ and i |
.once he was a senior programmer could move into software. a;//,,
) -Entry could, of course, be at any of the cdreer, levels,fﬁut L
within the career itselfvtraining at each step is redquired. 3

Furthermore, a question always raised is the fact of making a
11fe-long career at one level and becoming a real expert. It is
difficult to generalise on this point since the ‘situation and termin-
‘ology differ from courftry to country. ‘For this reason I shall rbt
try to go into the various Jjobs or posts within one fiven EDP func-
tion. Neither shall :I take into account any spch 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 (thrdugh
training, of course) either become vrogrammers or leave the EDP

department. The situation is different with data collection orerators

who are usually WOmen and who quite often only leave for marriage

reasons or because they succeed in becomine shift 1eaders or super- .

visors. N ~ ..
. Programming is another matter. If we consider vprogramming as

not Jjust coding but developing programmes, we-might think that it

could well become a 1 felo g career. Beginning at proframmer trainee

level, a programmer /throughs further training and| experience can "

acquire the sort of unique expertise léhding to jconsultancy posts in

the programming field. And if he goes into systegms progrhmming. then

he finds boundless career opportunities. It shouyld not be forgotten

that many programmers by vocation like programming for'itself, so if

the salary and working conditions dre suitable /it can become a life~

long career. .
As regards career opportunities, in systems analysis, it is not

easy to fix a pattern of behaviour owing to tHe very nature of this

function-. Th@re 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

samé level via other areas of the enterprise, they will probably

rfturn to the general pattern in their firm. . jL()f) s

o
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] Finally we come to the EDP manager. As we have said before. he
had better be a mgnager rather than an EDP professional. While this
-may sound heretigal to s6me colleagues, experience shows that unless
the EDP manager 15 trained in managerial skills, no matter how great

O

his EDP experience and knowledpe he will fail in his Job.

CAREER OPPORTQyITIES

-

When diucussiqg career paths we must also bring up‘the problem
of career opportun@tiea. Here the size of the enterprises.and the

subsequent size of
1 We can for our
acdording %o size.
activities is in pr
The large ente
EDP applications in

(both on the technic
‘fessional can then

of the Jobs are hig
The medium-siz
mainly because of t

tiqns may be combined in' one post. From the purely professjonal
aspect the possibilities of applying technical or managerial skills

can be consgidered t
from the standpoint
A When we come t
situation where the
are few EDP posts o
are not particularl

-+ From the abov

ts EDP department are essential factors,
purpose divide enterprises into three groups
8 a rule, we cons;der that the size of EDP
portion to' that of the enterprise.
rise which is able to make use of sophisti ated
many cases offers a complete range of EDP careers, .
1 as well as the management side. The EDP prg-
lan the different steps in his carder since sbme
ly technical. .
d enterprise offers a limited career opportuniity,
e number 6T EDP posts offered. Quite a few funt-

be similar to those of a large firm, but not \\
of promotion.

p the small organisation we find ourselves in a .
career path is reduced to a minimum, not only
ffered but usually the professional skills required
y advanch.

CONCLUSION .

account it can be seen that there are two main

lines of career path in EDP, one technical and the oth r managerial
with a branch line towards systems analysis.

. The career p3ths can be shorter or longer, depending on the,
siqe of the EDP department in the enterprise. '

Lastly, I wish

RIC ;
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to make it clear that the Jjob deséription

‘terminology existing at the present time can be rathej confusing
since similar designations have different contents,

d vice versa.
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RECURRENT AWD PRRMAVERf EBUCATION AND TRAINING
- >

o ' . . r.
>// v ' : i:, . fby AN
_ ' Franqo s Bodart
Héad of the Com putgr:In
& N UniVersity of NoﬁfedDame d
,/’Namur!(Belgium)

- . ) 4 . ) ‘

' . . .
P o . . -~

’ by

continuing training to’ some msbor functio

now exist in Europe‘ The retraj ning of ‘pel

., * " received basic trainihg will primarily be
C, Lo
' 0./ - COMPUTER FUN

) Taking data processing in mani

. the special field of numerical datsg

’ following study - we shald desgribe

“-thgm into two groups: — N e
» "= problem oriented functions.

/ - functions dependent on compy

In the first group we will pay

systems designer and analyst, nd 1

designer, systems programmer and pre

classified on the assumption that

oriented applications - is ent ei&e
approach regarded from a techpical

aims at creating an information pro

<7 technical approach 1s copgerned wit
The object of th /éeparation

- to see that g/pArticular app

whether st 5y6ra11y or oper

essing

setti
i{s thre
icatio

i

1) We will nd/rdéal with functions origin
functio (e.g. computer centre manage:
Jobs of console operator, operaﬁor. et

ERIC
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| Q:l- to saye on: progra‘ming by setting up standard- component5° _ #

v "+ .~ to encourage the proper uge of skills. . ‘ °
Since the difference between the uoer's and the computer ; . by o

eciéntiet'e standpoint involvee a modular approach, the modules .

defined during the deeign and analysis stage ard those which are

- oreated during the programming stage must .be interrelated This

intermodular connection actually amounts to one between two nomen-<

clatures: 2 : ‘ : IR

— @ ~ the first aasociated with a etructure,ooneidered from the'

aspect of an ,information processing syetem' ;g‘ R N <
g ./~ =-the other aesociated with the engineering componente of a ' °
cbmputer system. (l) T e R < a
X .
Systems Designer A
k4 o .
] He is reeponeibletfor thinking out an application as part of f“ . By
', *a’system in terms of data processing possibilities and conetrainte

and the efrpctivenee expected from the solution. This will mainly !
coneiet in changin operational procedures and management methods, ’
generally by defining computer-based solutions, adjusti organisa—
. "tional atructuree. specifying training ‘programmes and analysing
qthese various elements from an economic standpoint. . .
o The.éppliqztione will be envisaged in the context of a manage-
ment; data"pro-’eeing system, i.e. a computer.eyetem regarded as
logietic eup rt fon integrated management. o .
Syetem analyeis will be the methodologicar basis for the .,
systehs de igner's proach.’ . B
The jfdeal profilexror the eystems deeigner wouldobe that of,
-an engingering or uniVersity graduate with a genuine practical know-
ledge of data proceseing. management systems and organieational
» problems in ed/ition to his thorough expertence in thg appli tions E
to be handIgd! , a ~‘/( .
) Hie computer/training should at least inglude th following
tr, ining in the logic of"EDP units, some knoqgedge o} a%programming
nguage , gporough acquaintance with’ the org nie onal structure f
f files (basié and complex structuree). and a advﬁnqed course in

f/’ the theory and practice of analytical meth/}éy oo s

-
B

R

©

4 , , .
v S stems "Ana . . i ’ .

. The systeqs analyst is regarded as assisting the eystems
of" designer. /His particular task - s t6 prepare certain speciftcations,
// describe /in detail.the functions to be computed, logical recqrde.
print-ou s, ete. "‘Q

a l) See Annex. J/ r’/ . ) e -




.:d epplicetione oriente train ng (engineere, e nomiete, specialis 8
in applied mathemati¢s, physicists, etc. ).
eubjecte would be eimilar o that of th designer.

| . , ' "

Comguter'Desigger ! , . .

H;e role in the field of ¢ puter techniques s eimilar togthat
n° of the systems design r,: th 6m he ie in constant communicetion.
Hie particular task @ to alﬁee the choice ofy .

i
!

‘. . = computer system;
o = operational sy emr N i c e g .
"= software. (prog gmhing languagee. compilere ‘input methods,
" . . file organisatibn, etc.}. . . - U

He* ‘muet define new, basic- -poftware iteme (languagee, analytical toole.

functional’chengée in the operationel system,, etc«) and must epeaify

the. requieitee/for intéoducing eome new epplicetion or Bet of eppli- )

cations,. “/T "L oo o

B Thiy/function requiree a thorQUgh training in computer Science,_nux\
~ one which is adequately applicetions oriénted. Specieliaed computer .

. ecience courses in universities. (such as: engineering or master's ;2‘
degreea in Gomputer Science) aim at providihg this type of training.
Emphasis wi}l be laid on the need to combine ‘a baeic course (theory '

. of languageX and eyateme) such as to promote the student's’ ad justment
to a tonstantly changing ‘field wjith enough practicel knowledge 80
that he can construct the baee of" reference needed for effectively

W learning the abstract side." '- N ' :, -

The general funétion of computer deeignere ‘or computer ecientiete

includeq more highly epecialieed taeke, conferring the role of an
assistant similar to thet,k_}the ‘systems analyft in relation to the
systems designer. Among these' functione may be mentioned that of the
systems engineer. an expert deanling’ with operational . eyeteme whoee °;
Job 18 -to make the beet use of an EDP aystem to #dvise the deeigners.
analysts andgprogremmers. )

% -~ ! . ) ‘¢ ¢

. Systems Progrgmmer o ’

- The eyeteme programmer, sometimes also described &4a a systems
enalyst, ueing a solution which has been planned in every detail " “
both grom the’ applicationelaepects and that of the.data proéessing’
method adopted, prepares the file to be used by the programmers.

He breaks down the programme. into routines, prepares the flowcherte,

test data, etcs . .
The beeic .training of systems programmere is given in lower. =§ T f

technical education. The good~reeulte obtained in France and Belgium '

-

‘w

v

.
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N \ ‘* . —\,
through the me!lum of the University Institutes of Technology and
~ university courses in Computer Science are particularly worth men-'
e tioning. S s , v, ”
N N . - . *
- Programm er‘

- Since several programming languages have to be mastered, as
operational systems- are becoming increasingly complex\and equipment C
and applications ‘are continuaIly developing, the" job of programmer
requires intensive and thoroug training. It is similar to that for
systems programmers, promotion © this function depending on exper-
ienca. e ' :

RETRAINING: ‘'FOR WHOM?

+ We will only consider the question of netraining persons who
have.already received basic training. ﬁe will not deal witm 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,inc rable of planning new -
approaches in computer terms,.or programmers with no methodological
grounding and only acquainted with a single language,~macnine and
problem. ” A

.
CONTENT OF RETRAINING

.o

An attempt can be made to define the content of retraining in
terms of the growing pains of EDP and the foreseeable‘medium-term
development of data processing systems. ' .

A major growisg-pain is the economic analysis of data process-
ing. Many businesses feel that the computer isjnot being used to.

full capacity. Among the reasbns maf be mentYoned: 7 ‘
- shortage of competent staff; , - P
- the absence of dny real analytical and programming methods, ;
sugh as to reduce the time required for writing, testing o
« and maintaining pr‘grammes as well af the cost of adapting ‘\\\‘\;:;
and developing applications and progn es; -

- the lack of integration in systems design, which means hat’rﬁi@ _
! applications are rigidly fixed or must be designed all over -’
again; :

- the difficulty of assessing-_~.eff
on tﬁe_a_sogiated organisational sys ‘

- the cost. 9f certaifidasic software such as OS and IMS, - -—
- the short*e of universal devices Mur% system'sa...s_ﬁ
performance and optimising a configuration.117 -

uter solution

\) o : - 125 = \\ 7 L T
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. . ke
' ' These deficiencies chiefly reflect the relatively disordered growth
of 'ADP and the lack of any mental approach - even among the special-

ists < consistent with the inherent possiblllties of computer' systems.

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.

FEt-is rEasonable to suppose that in applications design the
integrated apbroach to problems featurlng the use of systems analysis
‘techniques and methods will 5e extended, that heuristic processes
will be substituted for algorithmic processes, and that broad models-

o for checking and control will be establishéd in preference to those

R,

' * , which cannot be fully optimised. , : -
\\v The expansion of integrated management systems influenced by »\
“._ the expected development of: Vo \‘ -
AN

a)\analytical and programming methods marked by the 1ncreasingly

R NN modular and -automated phases; )
b\ certain computer techniques:

—methods and techniques of data retrieval (optical
c\\sgcter recognition,~pick-up evices connected to
o arialogilie. and digital converters, etc.):
A . ~ the organisation of data banks, in which secur1ty and
" search- language problems will be dealt with.

programming) may moreoGer“Beﬁpointed_outa__*___s\_\\\\\N\\b
. Lasfly, as regards basic software, the following may be-—m

Nerl - tioned:

—— ]
7; - programmlng language research, such as in regard tﬁgself_”="’“""
;o expanding and’ self—checking programm
;o '~ the development of compi techniques (transferahilxty?*— ]
T . — a.greater knowled -f éperational. sysf“ms, partlcularly ~=;’““
o the formulatitn of fufictional model! , fhe, _Mdualfworking -
SN - theory and.the definition of. ”’formaneé indicgtd/ “”“mﬂjﬁﬁ
o - \{%%ﬁmition df standards fe soft v
ISR /:,«/ a Lo < / = ’ -

i /- 7T /REIRAINING: DY wHOW
T - /

= \~"‘- *‘%’
%?"

W

£ ,!3 at~ge -:‘-,a_,.u- " giri g m..m:’%ng
'. descrt. .-. aBve do no pogsess /any-- aded‘u

o 5 a-jects\mentione In-view™af the unbalance“ ﬂ

;;‘Q S Fetru tmonjrﬁey oo etverwe_feel that-Tetrajning should not be con- - .
e lsed with. gcAgenefal_information“-fms?“~bﬂféﬁfb;wmanufacturers and
f"/i~, “softwa “ﬁlﬂxi\ T S e

. —
- o
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PN

suggest@retraining in_ depth so0 organised by universities

- and research centres as to teach the fundamental aspects.of computer

science and also promoté exchanges of experience ,(1) .

‘Sud} a formula would have the advantage of: -

- supplementing and balancing the basic obsolescence.

- providing participants with the required techhical knowledge

.-, to'make a retraining session worthwhile to their enterprise
at short-term; B '

- confronting universities and researchers with problems ’

encountered by practitioners.

‘Thiq tyne of confrontation should influence the orientation
of gesearchiwork promote the association of practitioners with
research activities, and encourage . really dynamic research. Retrain-
ing in depth should also facilitate changes in fields of gtudy and
limit ovétspecialisation, invdlving ‘not only changes in ‘technical
computer
(gystems_designer and analyst|functions)..

°

TRAIN{ING OF USERS
For the field of computer applicationshto 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—mihded The particular characteristic of

M FRIC -

: .

" of an application for processing by computer.

this state of mind is the capacity to think out.a problem in terms
of computer p_ssibilitien and to make a detailed logical analysis

For users to acquire this capacity means that they must look
upon the computer as more than a mere tool. ‘Learning a well<struc-

datential offered by EDP systems:
- integrated data procéssing; )
- man-machine communication, A ' -
.~ definition of heuristic retrieval procedures with machine
' learning; '
-~ creation of simulation ‘models; o

1 ——T

- increased control of the in£9rﬁation flows.. associated with

etec. ) ) ,/

= ST P

-

l) For example, the seminars and schools organised by the IB&ﬁ

unctions but.also changes over to the applications field Y

I

ic language or/preparing and reading a flowchart will J—

) v various feedback levels; .~ C SRt ——
T - establishment of ney/net;orks for transmitting information;




Tt would-.therefore be advisable to base introductory computer
programmes on-heuristic: ‘rather than the algorithmic approach. We
feel that the use of computer—assisted learning methods and original

- computer-teacher applications would be more effective than some of

o the present solutions (general description of computers and e1emen—=
. tary programming courses) . o

e

° CONCLUSIONS Lty
e . - .. ;
We haveISet out in this very short note.a few principles which
" ,f might be used for. initially defininz a programme to retrain certain
: computer specialists.
' This introduction should be developed'
- by studying concrete methods for implgmenting these principles,
- by extending the analysis to other functions. -
We would point out that we have not explicitly tackled the

aquestion of continuing education but dealt with it through the bias
" of retraining users. -
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NOMENCLATURE FOR PARTS OF THE ENTERPRISE CONSIDERED
. AS A DATA PROCESSING SYSTEM o

’

System

In drawing up a project, from a data-procéséing stan@péint the
scale of the organisation “to0 be t&;en into account. Example:
enterpriﬁe _establys mént, production divipion within an establish-

An orgad&sation may be broken down into sub-systems - the first
level in the hierarchy of a system - according to different criteria:
- geogqaphical location,. - | Co
- types of activity, . . o .
- type of basic functions (e.g.\departments concerneErGlth

etc); or /
- a combiﬁation of these iteria. )
Main criterion used for gefining a sub-gystem is the sort of
homogeneity ensuring close
- ment procedures. ‘

* Application

An applicatiom.is a set, of homggenedus actiﬁi@ies carfied QPEM_

" in thé\frpmewnrk of & sub-system. e quality of homogeneity'is \>z/

mainly achiéved\ through continuity ¥f the activities in time. ’
A : - /

Ve
P .
i .

"1) Cf. F. Bodart: "Cours d'analyse de systémes 1nforﬁatiq
) _7y rmﬁ;ique

éﬁhalysis of dhata processing systems/, Institut d'infg;
es facultés upiversitaires thre-Dame e la Paix, Némur.

t s

»

e

S )’> .
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< . . e . . .
j¢ﬁh application may be broketi down into "phases".

P

A . . D 3 ) . 7
,kffExample- A Pt : ﬁ‘.* :
- '
Lo Two applications may be d stinguiahed within a "personnel®
’ sub-system: .

. T
* - "wages and salaries", |

- "personnel management" el
The first of these would include the phases of: . ~- 5
- maintaining personnel records,
- calculation of gross pay, .
n - = calculation of net pay} o . B
' - guarterly statements,
- annual statements. b -
‘These different phases 1nVo1ve continuity in time at the logic
{sequence of phases) execution' and planning levels. -
In the second case, the phases might be:
- day~-to-day personnel matters, -

N ~ budget forecasting,
~ - ana1ysi§ of.allowances, -\
“«;;;:“ - recruitment, - - \F o
- ™~.__ “=.preparation of training prognqmmes.
. ‘Continuity results mainly from the overlapping of the different
phases. \\\\ o N,
. -~ AN
. .Phase . . LT

A phase is a component of an'application characterised by
unity of execution in time and in sﬁace. i’/,

Unity in time : this 1is based upon initial information 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 LLhed (e.g. calculation of net pay)

- or variable intervals (e.g. stock contnol in a permanent 1nventory1ng
ek " systenm). -

] Unity in space thil is achieved owinéf%o the fact that a.
T pﬁase iauexecuted within an "activity cell", s

. An = plicatIon~may be regarded as a graph in which the peaks. '
are the tasks and the curves.. correspond to the sequence of events

.«2 between tasks. Ity , .

e An application defines an orderf\E‘of tasks. ] ' -

The phase and 1ts dual notion of activity cells are key itens
in the nomenclature: they are the factors used for" defining units
of 1nformation and the processel to be applied to‘these.

»~

D
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A phase defines a set of functions t¢ be carried out. A func-
tion‘apeciries a series of basic operations to be applied to the
information. With each function is assoclated one or more operations
which, when applied to the input information, produce the output
information. ' ; '

‘

. {.
Example:

-

Calculation of VAT when preparing an inyoice is a function. -

To illustrate- the relationships between phases and functions,’
we shall take the example of the "calculation of gross pay" phase.
It tan be broken down into a set of functions comprising:

,- 'calculation of gross pay for normal working hours;

\\calculation aof gross pay for overtimg;

. »= calcylation of gross pay relative to|bonuses;
~ calculation of groga pay relative to|benefits apd other
extra payments. . : e

Thia phaae is. developed from the results of the previous phase
"uodating of personnel records" (recording ¢f variable components,
modifying permanent components). )

The result of this phase will be used ms 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 1nformation units.

Basic operation

This 1s the lowest level of the nomenclature. A function is
broken down into basic operationl such as : updating a document,
printing a document, copying a unit of 1nformation. calculating a
square root. etc. ’

) . v S -
/"’ : R " /
- . R . . B i

/” - .© " NOMENCLATURE IN THE "TECHNICAL" COMPU’I‘ER' SYSTEM ;

This second nomenclature 1is proposed for computer techniques f
such as: operating nodes. file structures and methods cof accessing
data, organisation of processing and programming.
' With each level ‘of nomenclature will be associated significant
components fromithe standpoint of computer techniques.

3
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‘ NOMENCLATURE OF COMPONENTS GF 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
' bé personnel (identification) files and record files.

- -

Sub-system . ‘ ’

As at 'the preceding level, the significant information units
will be define&’for this entire sub~system. They will mainly concern -
personnel (identification) files, record fiies and situation files
(defined at sub-system level). , - . . .

.

—— . .
sl g A .

- i

Application , ’ \3% s

'In computer system, -an J$oiication will be considered as a
coherept and self~contained set of operations and files.

These characteristics ari;e from the following aspects: .
'« ~ Cohesion: intense circulation of information internal to -

the application, R .
- - Autonomy: in principle no information circulatesfbetween
e ///' two different applicétions. except possiply for certain
. V4 oréﬁi:g} primary information, but without uny return to the

'//;//. ap] tion from which they were taken (e.g. selection of
- - “order forms and invoices from "credit management" to
7 _.subsidiary files from "wages and salaries"
manegement").

-

e

T

follews that for éach- application 4n exact definition will

S "be_gdfawn {ip for the files, showing
- the different types of file (transfer, operation. identifi-
cation, situgtion and record files), : ° ,
- the flowchart showing the links between these files$
~ the interfaces,with the other applications. 0
o Procedurd// S M , i ’
L~ : «Phe procedure possesses ogerational unitx due to its uniformity

cf. ‘/'Clarinval- "Méthodologie de la,Skogrammation" rogram- .
ming methodolog%7‘ Internal Paper, Jrstitut d'informat que des
facullés univer taires Notre-Dame de la Paix, Namur.

3 -’ . . .
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in time; 1t can therefore be introduced as a single "Jjob" for pro-
.ceasing~on the computer; 1it.is handled in a single run from the
point of view of the operator. Each procedure has 1its own frequency.
which is either fixed (e.g. preparation of invoices + fransfers +
bills = "invoicing" procedure) or variable (e.g. updating identifi-

cation files).

Example:

Input of transfers (with checks. inventories, eté ), preparation
of invoices. production of daily statements (daily budget ‘and daily
cash statement) or monthly statemcnis (ledgers).

The idea of procedure 1s equivalent in the IBM 370 operational
specification,to "catalogue procedure".

" Note: ' ~,

" Several categories of procedure can be diatinguiahed:
- "construction" procedures o6f the aub—sf%tem or apﬁiication.
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;
4 1 w= "identification" or "print-out" procedures, for example,

. - "print-outs" on request, which do not alter the information

Lﬁtored. 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 tne
"standard" print—outs of the constitutive procedures; . .

- "grotectIVe“lprocedurea (e.g. copying files, programmes, .
'prQbedures) 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 sortware (writing
programmes, maintaining libraries, etc.). '

Function

Examples are i reading a file, consulting a file, writing a
file, sorting a file according to a given sequence, checking some
item, generating or formatting an i%em printing out a statement .

The function is one proceaa applied to an item in a procedure
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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 non-technical
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:

Erocelling operators, executing a function;

~ Structural operators or logical records, providing the
link between the processing units' . FEN -
- parameter transfer operators. . it

The“operator, if 1t 18 to work and perform some concrete func-
tion, must be updated or parametrized (there are several tecnniques:
parametrization itself programmed, use of a parametrized macro- .
instruction, communication .of parameters to the different units in ‘
the form of argum?nts)

-
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CORRESPONDENCE BETWEEN THE TWO NQMENCLATURES

.
’

anisational nomenclature Comguter‘nqmenclature
System - System
Sub~system -— —» Sub-system
Application -— Applicatinn
Phase -— Procedure
' "~ Fuynction ~ Function-operator
Basic operation ' : :
. { .
The relationship between the two nomenclatures is shown in the
figure. '
* We have kept the same names for the three upper 1eVela since
‘the uter as ect introduces no .new..element. < '’ s

-t
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)
IMPACTS ON SOCIAL STRUCTURES CONSEQUENT UPON THE:

INTRODUCTION OF TRAINING FOR COMPUTER SCIENCE
INTO_THE EDUCATION SYSTEM . ’

by ' -
M. Hendersoh '
Staff Assistant for Computer Usage Information and Data
Institute for Computer Sciences and Technology * :

National Bureali of Standards, Washington D.C.

(U.S.AL) R
’ ) TR - L ' ot o |
: - e - T =
INTRODUCTION )
" The growth of application® of computers has had a profound
\ : ‘
impact on pur social structures and on our ways of working within .

' those structures. We can, trace the changea/jn economic and social
strucfures due to various applications of cgmputer technology. In
the United States, for example, we have moved into a post-industrlal,
service oriented economy ‘which is supported and strengthened by

. computer technologies. - T T

There havg been efforts over the past few years, of varying

" degrees of ‘success, to introduce the fundamentals of éompqter science

. and the prinéiplea of compufer applications to"the individual in
order. to prepare hinm to take flill advantage of the potentials of
Ccomputer technology. The extent of the successes, or the failures, .
can be seen in the atéitudea of the individual on computer utilization
in his society. Based on the realization that more must bé done to
acquaint the citizen with the potentidls of computer science, it is
neéeaaary to continue exploring various appfoaches toward "introducing
the concepts into our educational system apd to the adult consumer.

As the citizenry becomes better acquhinted with the world of

+ * computers, we should be able to see a ohangeﬂin attitude and a change

in appreciatidon for the place of domputers‘in“our society. Knowledge

of the ways in whith computers operate will help to shape the intel-

lects of our citizens, to permit man to adapt better, to learn how,

to handle information and to select data, ajided by the poténtiala’oﬂ‘

computer technology. r - .
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There is little doubt today

at;'the computer is becoming a :
ofi:the broad areas of ‘social and °
economic development. Compute chnology repreaente one of the most
remarkable growtns the world h Z ever witnessed, In. the past two"
decades, the number of computef a in the United States alone has . .
grown from zero to over lqg_ 0 - that is ong computer for every
640 families! 1In the rest df the world, the nuinber ' of computers
hae risen to nkarly 501 00 In applications "from health care’ to
deIenae, education t
have ... proven their evezaexpanding effectiveneaa." (l): -

populat on of t e United Statea was geinrully employed doing some-
hing for other pe0ple rather thdn in either manufacturing or-agri-
cultural .pursuits. Today, more than 63 per cent of.the United States
1abor force is employed in the service industry. By 1980, statis-
ticians predict that 2 out of 3 members of the labor force will be
part of the service sector’ ' . v
The technologies integral with a aervice economy and essential
to achieving its goals inclyde computer technology, communications
technology, and information technology. They serve to link users,
services and products in a meaningful and efficient way. Computer
networks, the means to accomplish this linking, "could ybll be the
atrongest force at our command today" for improving operations in
industry. in education, and in government.(2) Computer networks

- are essgntial for real time, geographically dispersed control activi-

.

-

ties vital to a petion's well being,.auch as in the transportation,
financial, and retail trade areas. Computer networks make possible

the sharing of information reaourcea.computing reaourcea and informe—
tion handli equipment, including library, census data. medical
insurance, and -ncial securitv f{les. Computer networks ensure equality
of access:to and quality in public services, such as law enforcement,
educational facilities, and health care delivery.

One of the characteriatics of the post-industrial, service
oriented society is its dependence on information as_the basis for
control ofﬂita ‘complex®organizatiofial structures. It uses information

to®direot its mechanisms for:action and {s guided in its direction
and policy, by informatio . {The growth of computer applications and
the switch to computer networka ,reflect a basic change in information

w 3 b

LR 3

X Figuree in brackets refer to the Bibliography at thc end of this ‘
Chapten.
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handling de communication techniques. This change must include a .
realization on the part of*every,man of his own dependence on , :
effective use of information and. the need for him to adapt to the

newer technologies and ‘their application. As the citizen.learns

these lessons and .contributes evéhﬁremofely to the successful imple-
mentation of systems embodying computers, communicetioqs. and infor--
mation'technology._we can expect to see definite effects on the way

we do busiqpss;//

.
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a)

~ _trend towards incre&sed centralized control of the ma YO

- computer networks can have access to that powef. The net-

c) The explosive increase ‘in the minicomputer invehtory in the 2

Because/of successful applications of computers, weAaee a

mént of geographically dgpggyggp.épépnizat&dqgJ;Afhallmarfv e
. Ofgovernment ahd 4industry will befaideépreaq enterprises
with one central headquarters and a large number of diversi- -
fied, geogmaphically separated\manﬁfacturing-or«aervicé
subsidiaries, The_efficiency,of centralized management and v
decentralized'operation‘ig possible only with computér"net- . ]
works. Before their use, real-time management from 4 central -
location of the day-to—day'operatxons of geographically -
.dispersed facilities was,virtuafiy imno;sible, Now with
computer'networks_and the correlative rapid €fansfer of . *
selective information,retail‘atores. banks, and commercial
air traffic, as examples, can opgrs&te ef}ectively through
up~to-the~minute information transfer, In addition, in_' ' -
activities where decisions must be made on the”spot, manage-"
ment via computer networks makes local decision-making
feasible while maintaining centralized control. o .
The sharing of expensive information and computing resoyurces . _
will become a characteristic:of our socisl structures. There .
are many organizations which cannot- affotd t3 maintain their
own extensive files of bagic data yet need portions of such
files on a daily or téequent basis. Access to such expensive
equipment and,inforhafion stores can be obtained through
implementation of computer networks. Some areas of important
scientifﬁg research still need computing power available at
a, limited number of gites having the largest computer instal-
lations. Most individuals engaged in such research cannot
afford the necessary computing poweér locally, but through- '

works aggregate the market for computing power -and supply
"the means for cost-sharing expensive development of increased
computing power among customers. : . ~

United States and around the world acts to bring.évér closer
the contacts between man and machine. Minicomputers are _
‘bedoming personal computing.resources: linkéd to computer ,

P
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networks, they provide eacb of us ur own individual infor-‘
mation center. In the office or at home , we can tap a myriad
variety ‘of. information reso urces to help us keep informed ;
) - ‘and make decisioqs efficiently and effectively. World news,
T & N local weatherr special events, part cular instruotional
e courses or general educational reviews will be available
-~ for our choosing. Data bases peculiar to our ‘heeds can be.
constructed from general 1nformation 1 resources and main-=

. tained for use at our own ‘convenience ..
d) The characteristics and potent1als o computer"technology ’

" will make much of: our present paperwark unnecessary and
obsoleta. Decisions will be recorded in 1nd1vidual data
banks; transactions will be . initiated and completed 1n
computer storage. As-.a. result, our ooérations w1ll be more .
efflcient ‘less cumbersome, less erro —proneu more timely.-

. : We already see examples of the "checkless-cashless society":
undergoing tests. for utility and con&umer reaction;\Soon

. we will initiate a transaction, like a jretail purchase and

: have that transaction comnleted, such - as paying for that \

\\—#/ . purchase, without need for ‘the trad1tional billing proce-—
-dures, checkwriting and ‘bank account balancing processes
we follow today. In the same manner, business management
will produce reports in the form of computer-generated s
diSplays, which can be manipulated in response to inquiries
and dialogues, in order to examine alternatives to vapious
possible corporate decisions. - 2

[HOW PEOPLE PERCEIVE THE (;bMPU’I%Ra\‘ »
. ' “ .

The beneficial effects of computer applicatiions are counter-
balanced by forces of resistance to. change, high/ costs, technological
problems, and the fears and anxieties of people yho are touched by
them. Those involved with computer science and tpchnology, that is,
computer specialists and those who have the resppnsibility for foster-
ing ‘the utillzation of computers, must serve both the producers and
cohsumers of computer products and services. Thercomputer profession
has a special obligation for ensuring that computer technology serves
the citizen in ways to enrich and improve ‘his liﬁe while protecting
his right to privacy and dignity.

Accompanying the picture. of the pervasiveness of the computer
are the "horror stories" so rampant today Two of\ the most frequently
heard are, first, that computers are repl§cing ma; and,-second. that
computers are dehumanizing and constitute a threat to the individual's

priyacy. » . | | | . : . 1%1
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'FF ‘: S Studies ‘have been made of the use and misuse of compﬁters, and "\\'
T other problem areas identified Wich effective utilization of computer L
.technology. The cgnclusion®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 cannot do. .
In ‘order to measure the magnitude ‘of the problem of defining )
the information needed about computers, we must first recognize and
‘ meadsure 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 he1d by a
_—representative sample of citizenry.

a) An experiment which took place in a: Scottish hospita1 was’
designed to utilize the computer to oerform basic, repetitive ..
tasks in order to release doctors from. simple administrative

.jchores 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

o computerized medical-history—taking procedure, that they
felt more at ease and that the machine "was very polite and
very patient". (3)

ﬁf&%ﬁ 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.
The joint study sponsored by the American Federation of
Information Processing Societies, Inc. (AFIPS) and Time
Magazine took place during July and'August.1971 and involved
1,001 telephone interviews with a probabilitfy sample in the
United States. The eight basic' areas in which data were
gathered were Jjob 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

s
.
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‘_;__;_;,?E@_o : quality of products and services. However, the same

hadia'problem because of a computer; billing robleus
were the moat frequent causes of.difficulti€s. The &
‘majority reported they have never had problems in having
' a. computerized 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 to 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

ratio of respondents felt the use of computers in send-
ing mail advertisements to the home should be decreased.

tii) 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‘ﬁn which computers e used and about regulating

. ‘such use. .

iv) There is major concern aboyt the use of large computer~
ized information files. More than half of those ‘surveyed
are concerned thaf some large organizations keep infor-
mation on millions of people, and that computerized
information fidms might be used to destroy individual
freedoms or to keep people under surveillance. . )

v) Of those surveyed, about three~fourths were in favor of

a young persan’ entering ‘the computer field as a career,
and saw the jobs as interesting, challenging; and offer-
ing rapid advancement. They also believe such careers
require lots of training.

A study done for the Federal Department of Communications
(Government of Canada) by the Social Survey Research Center
in Toronte, 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 cross-section of Canadians
(1,030) on the basis-of a questionnaire. About 85 per cent
of the total number gf respondents indicated that they had
either a direct or indirect contact with a computer. In "

-

- 141 - ' 133




Q

MC , . | . ’ . | N

i

terms of perception or image of the computer, most thoﬁéht

~of it as a very efficient mathematical machine, Slightly
over.half‘of'the regpondents perceive'thé computér ina

o benéficial-way in terms of enabling government and business

to make betteb decisions, and of improving the quality of
educatidn.vNearly three-fourths agree that computers will

- provide far more leisure time. oL
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.‘¥he computei.may not
cause unemployment, the consequence of the perception becompg )
real, i.e. people fear the introduction of the computer,
particularly in the work énvirpnment. -

Studies of this mature point to three major conclusions. First,
to most peoplevthe computer is becoming the overriding technical
symbol of the 20th ¢entury. Yet there is probably little awareness
of the.technical complexity of the device. In addition, many people
express two sets of conflicting éttitudes about computer technology:
they appreciate the benefits derived from computerized systems in
terms 4f medical, scientific, and fechnical progress, yet they
express considerable hesitation about what the computer will actually
do to them in terms of 1nterpérsonal relationships and their day-to-
day activities. Finally, even given the traditional limitations on
survey research data, there ekists-a_growing_body of empiridbl data
on which more objective decisions can be made concerning the psycho~
logical and sociological dimensfbns of computer technology. What is

‘needed is further research to inctease our understanding of the human
impact of cOmputer,ﬁéchnology. ' . .

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? ° ’ i

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 %o be educated as to their reéponsi-
bilitigs to consumers or customers of computer technology; adults
who are plready 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. - r :
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“a) The computer speciaii;t\ilhiggolved when' a potential customer

for computer services makes a consoinus ‘decision tao use com- -
puters. Here the responsibility lies wi\Erthe computer pro- .
fessional to design. operate, and maintain compute ystems_mf
in such a way as to maximize ‘the service to the customer A
and minimize possible adverse: ‘reactiong: We "must recognize
that the computer specialist who develops a system used by .
the public will certainly affect the public" (4) The quality
of the systems prdeced 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 ‘science, departments in our colleges and universities:
- And, in turn, computer special sts must learn to.communicate

meaningfully with the public; to present a fair picture of

the computing industry.-. : e

'b) In the ‘case of the recipicnt~ror computep/sér;ic:s, he has

generally not made a consc¢ious c:oigef/ﬁost of us suddenly -

begin to receive, for example, computer-processed bills or
computer-addressed mail;kyn/ﬁioerience definite frustrations’
when we find that our normal, traditional methods for bring-
ing errors in bills or in labels to someqne's attention no -
longer work when, that someone is a computer TheaprobI!m 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

4in traditional educational channels. Not only the usual
school systems but those means for consumer education spon-
sored°by industrial and consumer oriented organizations must
be used. ’ A

Exposure of the adult consumer to 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 expsiienced in techniques'for reaching the layman onx
technical subjects. Eje 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

R
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uge bf electronic data“processing in elementary and secondary |

education ten years ago. With the latest in -<computer hardware
and & staff trained both in computer technology and teaching,
the 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 link.to 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 thé operation, uses and benefits
of a computer, along with an initial correction of many of
their misconceptions.
Junior high schdéol students get oppertunitiee to write and
run their own programs, through the time share terminala
located in their schools. The greatesat 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 high school students will
be the first to feel the impact of the computers’ in their
lives, they receive the greateet amount of instruction about

> it. (5)  C

*  CONCLUSTONS
.

- We started this discussion in terms of the impact on our social

structures due to the introduction of computer 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 tsch-
nology, we have examined possible solutions to the problem of intro-
duging this education or training for computer science into the
education system. .

It is our belief p@at 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 eucceaaful'eppltcetion5of computer technology is having,
and will continue to have, impacts on the structure of our society.

" We must work together, as customers for and providers of computer’
aerV1oeay to eccomplieh those activities that encourage the discip-
":1ined development of computer eystems that will.make possible better ,

public eervicea betten quality and lower cost - 1ndustr1e1 products:

and eervicea and better managéement of all organized activities.

There has been a steadily growing recognition of the role of computere
and computer networka in meeting the requirements of the developing
economies of the world We must also ensure recognition of the need
for education and treining of computer specialists and the private
citizen to prepare us and our society to take full advantage of the
promise of computer technology.

- o 4
- '
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“

‘DEMAND FORECAST SURVFY OF INFORMATION

PROCESSING ENGINFFRS IN JAPAN o .ot
. » . . L
. by
’ S. Imamura .

Executive Director R
Institute of Information Technology .
o World Trade Centre
Tokyo (Japan)

N -

There are four surveys in Jaﬁan on the demand fdrecast of
~ Information Processing Engineers The following is a summarised

. list of these surveys. ) S .
. v N
Abbre~ | Conducted Announged | Period Obsples- » '
viation by S inl ¢ covering cence ..Remarkst
TJ=1 JIPDEC | Sept.'68 | 1968.& 1972 | Obsolete .| -
s d=2 JIPDEC | June '69 [ 1972,& 1975| Active ‘
. J=3 v March'71 1970 & 1976 | . (Active) | Limited
. . ' . , circulation
E MOE | Oct. '71 . 1972 = 1980 | Active SE & PR
: /7 : . . only

JIPDEC = Japan Information Processing Deévelopment Centre
. . MOE = Ministry of Education 1
. -

Abbréviations used: -

IP = Information Processing

L = Super large and large size computers

LA = Super large size computers

LB = Large scale computers

M = Medium 5ize¥%omputers N

MA = Medium size computers -~ larger .
MB = Medium size computers -~ smaller

§ = Small size computers

88 = Smaller size computers (excluding mini-computers)
SA = Systems Analysta R -

I 128
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SE =
PR =
SP =
Jp
OP =
KP =
MGR =
TOT’ =
FYon

Systemuféngineebu
Programmers

Senior Programmers
Junior Programmers
Machine Operators
Key Punch Operatora-
Managers

Total o '
Fiscal Year '

Notes:

1. The Japanese fiacal year starts in April and ends in March
of the following year. For example, the 1972 fiscal year,
starts April 172 and ends March '73. Usually all statistics
measured are as of the end of the fiscal yearb(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 followa.

System Size Salee'Price Range (#1,000)
' 812 and above
E 1,623 and above
LB 812 and above |
M 130 and above
{MA * {325 and above
MB 130 and above
] 32.5 and above
8s under 32.% .
Abbreviation : Survey J-2. "

Conducted by: Informati
Published under the titlie of:

rAhnounced in: June, 1969.

Technology Prediction Subcommittee,
Japan Information Processing Development Centre (JIPDEC).

"Future of Information Proceasing
Technology" (pp 197-223). o

_ Period covered: 1972 and 1975.

Notes:

‘

1. This publication consists of nine chapters focusing on thew
following topics:
a) System -Architecture
b) .Hardware Technology

ERI!
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c) Software Technology
d) Data Communication and Network

' e) Standardisation

£) Price Performance ‘
g) Computer Professionals

2. This paper covers only (g) above.

L] »

-~

A. BASIC DATA

-

-

' .

The. following data are quoted from estimates by the Minfutry
of International Trade and Industry, announced in July 1968.

'

1. Numbers ‘of computera'inétalled and of “Gomputers to be
-« installed as of March 1972 and 1975 (estimates)

4

» ' installed 1972 1975- )
LA 270 . 590 -
LB 790 1,650
MA 2,120 4,350 »
- 5 51350 i R
r .. S8 21130 4,560 ' /
TOTAL 12,110 25,460
: . " To be installed ‘1972 ,
o LA 76 - 50
, & . LB © 221 130
MA 594 340
MB 920 420
s 1,184 680
ss " '596 350
¢ TQTAL 3,591, 1,970

2. Value of computer production and computers imported

v

-2

(billion yfn; gbillion in parentheses)
. 3

Productioh Importation &)
1972 Fiscal Year l&BéEl.SB; A8§0.156;
1975 Fiscal Year 927(3.01 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'g

Formula could be used to fit unique Japanese conditions.
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2. For aimplifying and clarifying, this paper covers only the
gist of the study, excluding aeveral _exciting detailed discussions
and arguments. '

3. Definition of systems sizes.
System sizes are broken doun into'categories as follows:

9

‘Selling Price Range

_ Super Large (LA) , #1.623 million and above
P Large (LB) #0.812 million and above:
) Medium - A (MA) #0.325 million and above
Medium - B (MB) $0.130 million and above
. Small (8) , $32.5 thousand and ‘above -
Smaller (ss) . under £32.5 thousand
L4 -
a) First, the demand forecaat aurvey was done by dividing into e

three sectors as follows:
1) Computer Users
Information processing services industry (servige
bureau type business)
ii) Computer Manufacturers ;

. "111) Computer Dealers. ‘ e,
a Jd - ,
b) Computer Users
LA I .

& B-l ’ , Y ]
Standard numbers of I.P. Engineers per Computer System
according to Brandon's Formula:

L

System Size | System Analyst | Programmer Operator
LA 9.0 15.0 8.0
LB b.Q, ‘. 8.0 . | 5.0
. MA 2.0° .l % 5.0 2.5
‘ MB . 2.0 5.0 » 2.5 - y
S 0.5 1.5 1.5
ss 0.5. 1.5 1.5
’ " R v :
B~2 ' .o .

, Standard numbens of I.P. Engineers per Computer System
according to the-modifiwd Brandon's Formula for this survey: .

Size

SA PR .|+ OP TOTAL
-]
LA o 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 A
. oMB |20 |25 | 15 6.0
. s o5 | 1.3 | 155 |. 35
ss |03 10 | 10 2.5
[
Q ’ - 149 - '
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Incregae of I.P, Engineers by additional ahifta I,
. 1) Multiplying ratios by job title. . ' L
o G a 2 _— L l s
" - No. of Shifts SA |mR7loP -,
RS | 1.0 |1.0] 1.0 7
2 1.2 |1.2}2.0 B
' 3" 1:4 (1.4} 3.0

9 : i 7 - t1

i1) Increase of proportion of additionel shifts in the future
as of March, 1972:"

Size .| 1 shift 2 shifts 3 shifts
LA - 10% 5% | 35% .
O 2% | . %% c
MB - 50% Giok 0% 72
[ 80% 20% -

8s 100% - - g

" as of March, 1975 .
' © Size , | 1 shift "2 shifts 3 shifts - 3

LA 8% T 50% 42% -
LB 10% 50% - Lo¥ - -
MA 20% 60% 20% 075- 5
© MB 30% 60% 10% .
s . 50% '50% - -
, ss 80% , 20% -
B-4 o . .

Adjuated numbers of 1I. P Engineera per Computer System ’
after considering the increases qf additional shifts:

’ A % (B X Cpp) = Dy ,
A x (B x Cp5) = Dy . )
. » - 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 Dy,
' ' MB 2.24 2.8 . 2.4 7 .44 »
s 0.52 1.56 1.8 3.88
ss 0.5 1.0 1.0 2.3




/ »
as of March, 1975 . N '; ’
. Size SA FR oP TOTAL
‘LA 7..62 8.89 7.02 | 23.53
LB 5.04 6.3 wa.s 15.94 :
MA 3.6 4.8 4,0 12.4 D75 .
e * MB 2.32° 2.9 2.7 - 7.92
Sss 0.52 1.04 1 2.76
co % B5 . Bk
Brandon's Formula .
h The modified Brandon's Formula was used. .
The original Brandon's Formula is as follows: e
- 0 u,‘ c LY
‘ ‘ Size - Formula
Super Large * (LA d = a + 0.6b"
Large (LB, d = 0.95a % 0.6b
TTTT,. Medium MA & MB) d = 0.7a"+ 0.7b
e—small S & S8) d = 0.75a + 0.8b
: where a8 = no. of installed systems roo
!
/ / ) b = no. of systems to be installed at zﬁat time _ K
L c = adjusted no. of'syatemu for prediction.
1 3 ! '
B-6 ‘
Modified Brandon's Formula / '
. ) After several discussions and verifications, the following
modified formula was adopted to calculate total numbers as of
\. March 1972 and March 1975: '
for 1972
Size . Formula
LA & LB daa+0.6b "[1 0.6
MA & MB d-a+ 0.8b 1 0.8 E72 .
5 &8s - d=as+b 1 1
for 1975 - . o
‘ Size ‘ Formula
LA & LB d=a f3b 1 3 .
MA & MB d=a+2b 1 -2 E75
S & 88 d = a + 0.4b 1 0.4
a
o , s 143
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Total numbers of I.P. Engineers \ . )

According toAthe eatimation ‘by the MITI, numbers of installed
syatems and "those of: systems to be installed each gear are as follows: .

3

)

-as of March, 1972 , @8 of March, 1975 v
L a b’ a b
LA 270 76 v 590 , 50
LB 790 | 221 1,650 130 - .
MA (2,120 594 Fo, 4,350 | 3h0
. MB 2,570 920 7 5,620 | 420 . }‘
s .|u230 | 1,184 ~ . 8,890 680 i .
N 98 2,130 '506 4,560 350
E7a % Fpp = Gy E75 % Fg5 = Gqg
d . d \
LA 316 LA 740
M |2,98 o M| 505 o '
. MB 3,306 72 : MB | 6,260 75 /,
S 5.0 s 9,162
ss 2,726 _ss | 4,700 |
for 1972 - 672 x D7?_= H72
Size|  No. A PR |, 0P TOTAL. /
LA 516 | 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 H,,
MB | 3,306 | 7,405| 9,257/| 7,934 | 24.596
s, | 3hia.| 2,815 8uie 9,745 | 21,006 .
ss | 2,726 1,363 | 2,726 | 2,726 | 6,815 - |
—r— \
27,000 | 41,000 | 35%000 | 203 fooo .

for 1975 G75 x D75 = H

TOT | 15,280 27.1295 QO‘,GII 35;1&5 103.1051 C : ‘

75 .
Size No. SA PR op TOTAL
LA 740 | 5,639| 6,579 5,195| 17,413 .
- LB | 2,040 | 10,282( 12,852 9,384 | 32.518 o
a MA | 5,030 | 18,108 24,144 (20,120 | 82,372 M,/ .
MB. | 6,260 | 14,523 | 18,154 | 16,902 | 49,579 /
, s 9,162 5,039 | 15,117 | 20,615 | 40,771 ;
| ss | 4,700, | 2,4bh| 4,888 | 5,640 | 12.972 / |
f TOT | 27,932 | 56,035 81,734 | 77,856 | 215,625 / |
56 Y000 81'.‘500 76,000 | 219,580 !
O

. ' 4_(}152 -




< . . -8 -
" N . b N o
. P

“Potal numbers in computer user®:

as of « ,S‘AM - PR ) -)OP ) 'TO'fAL' '_ L
. March, 1972 |27,000 |- 41,000 | 35,000 | 103,000
~-iMarch, 197556,000 " | 81,500 | 78,000 | 215“5% E

s ) . . . AV:-'K“T.D:—““';, o . « :-‘4- o G-~ é"“‘\t
c) Comguter,manufacturers LT o Lo A

e Cml. .
. . Standard numbers of, I P. Engineers in computer mdnufapt rers
“n,  -No, of" Engineers per ¥l billion (83.25° miIiA'n) produgtio :A'

L ",
. AL u,,\ g \-\:(.

. Ly

*""m.‘.,; N*Eddca-ti‘pn Sales.: - I
SA Efitine Sate o Ji voye Eﬂglneer . PR

-20 - 3 ..oo1: . | 25
v . ’
ck2 .
™ 0 Computer Production (estimated) . _
_ _ 5
‘ in'1972°F.Y. ~Pv- yM@&billion (#1:58 billion)  (a) o
S in 1975 F.Y. . ¥927 billieim (#3.01 billion) & (b)’ v
'ef:. v'*a.‘t"""“.. . ' ) “ e
‘ . Total numbers in computer manufacturers - - PR
LI % () = K, . T
‘..;;;»_._.‘.‘gkk?‘( (b) = K75 o - . . ' v L . ) . .
. o >\ / . o
for 1972 . : g , e
sp' | Ed.E Sal.E PR x | TOTAL R
9,760, | 1,464 | 5,368 | 12,200, 28,792, "y
9,700" | 1,500 7| 5,400 ' | 12,000"| 28,600’ - 2
© - for 1975 E . - ’
: sA | .Ed.E sal.E PR TOTAL . /
18,540, | 2,781,.110,197, | 23,175 sa,693| .
19,000' | 2,800" |10,000" ,000"| 54,800" K75 ’
d) Computer Dealers : > :
) Computer Dealers | .
. - . ‘ N D—l N N .
.J Standard numbers of I.P. ¥ngineers in computer dealers -

No. of Engineers per ¥ billion (g3. 25 million) importation-

L e
FRIC CoaEe i

s '
St . s s .
- L . - - - 3




sa_ | Ea.E | sar.E | PR - “TOTAL e

. . /!
15 - 3 | 1 | 25 ] sy - Lo
: D-2 R
Value of imported computeré (estimated)
in 1972 F.Y, ¥48 billion (#0.156 billion) = - (c)
’ in 1975 F.Y. ¥93 billion (#0.302 billion)  (d)
: :h (roughly 10% of computer production) *
3 . :
Lxi(e) = My, o o
- L x (d) = M75
D-3
. . R . - i
Total numbers'in computer dealers ' S . ')
3 for 1972 = .. : Lo . .
SA Ed.E sal.E | PR | roraL
720, . | 144 15286 | ,1,200 | 2,59 u
¥ . L2 Ty Moy,
730 140 530 | 1,200 | '2,600 -
- - '.-' ’
for 1975
SA Ed.E | . Sal.E PR | TOTAL
1,395, | , 279 | 1,023 | 2,325 | 5,00
s ' “\s' ' [] ) Y M?s
1,400, | ™" 300 1,000 2,300 5,000
- . \ . v
e) Summary .
. T . .
. Table A ’
‘ 84 | Ba.E | sal.E| ‘op .| ToraL
Users | 27,000 | - o= | 41,000 | 35,000 | 103,000
Makers | 9,700 | 1,500 5,400 | "12,000 - 28,600
Dealers 730 - 140 530 1,200 - 2,600
TOTAL | 37,430 | 1,640 5,930 | 54,200 | 35,000 - 134,200
: L 45,000 - = 8E

(as of March 1972).
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)
@f/{ Table B .
N sA | Ed.E Sal.E PR OP. | TOTAL
( : - :
Users 56,000 RS B 81,500 | 78,000 | 215,500 ,
Makers . |' 19,000 2,800 {10 noo - 23,000 - - | 54,800
. Dealers| 1,400 300 E;,ooo 2,300 - 5,000
. TOTAL ‘76,560\\‘ 3,100 'f;,ooo |r06,800 | 78,000 | 275,300

908500 - = SE

{(as of March 1975)

.
s aiaiaialalsiatal

Yo

c. éyNo CEMENT q\k o i o

. Just the same as Table 1
A » _in Summary -

-

(as of March 1972)

.

SA , Ed.B Sal.E PR opP 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 |. 3,1oo'L 11,000 {106,860 | 77,920 | 270,390*

(as of March 1975)

)
¢

Ea There are some minor discrepancies in the "users" linga(perhaps
2 due to adjustments). '

¥ Clearly this 1is a misprint. ?

o

Abbreviation: Survei J—é. B i

Conducted by the third working group, Computer Utilization Upgrading
Plan Committee, Japan Information Processing Development Center
(JIPDEC). . ’ ‘ +

4 . ’ s - Vo 1y
.
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. ; «
~ Published under the title of' "Report of the Third Working Group,
® CUUPC, JIPDEC' (pages 93-1T2). - ' '
(Limited circulation, hot availab the public)
Announced (restrictedly) in March l97l.
Period covered: 1970 and 1976.

Notes: RN

l This survey consists of three independent partsy as follows'
a) Sales Forecast of Information Processing SerJiE\{
~ Industry and Software Industry : LIRS
b) Sales Forecast of Information Offering Services Industry ©
c) Demand Forecast of Information Processing Engineers.

L . “

2. This paper covers only (c) above. .

A. BASIC DATA

3

Basic data of this survey are extracted from "Report of the
First Working Group, -Computer Utilization Upgrading Plan Committee,
Japan Electronic Industry Development ‘Association (JEIDA)" as follows:

Estimated Numbers of Computer Systems 1nstalled as of March

1976: ) .
* System Size = No.of Computer Systems .
‘ Large L Lo 2,900 « .
" Medium M 9,700
Small : S . ) 8,800
Smdller SS) ’ 16,600 .
. TOTAL 38,000 ' S
S¥stem Sales Price Range ° Average Price
81lze ’ ’
L 812 and above ' 2,727
M. - 130 and above 253
S 32.5 and above : 75

Ss 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) ’

Eptimated sales value of software industry in 1975 F.Y.
¥251 billion ($0.81 billion) '

Edtimated sales value of computer manufacturers in 1975 F.Y.
¥900 billion ($2.92 billion) '

- 156 - A e
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Estimated value of installed ‘computers, as of March, 1976
¥3,500 billion (#11.36 billion).

Es%imated sales of software industry to computer manufacturers .
in 1975 F.Y. ¥85-billion ($0.28 billion). : : ‘

‘B. METHOD

. ‘1. The adaptability of~Brandon's Formula for this forecasting
" was thoroughly investigated, but it became clear that Brandon's
Fbrmﬁlé had pmany ambiguous points. which could not be understood and
hat it did not fit the unique conditions and customs in Japan.’
2. There were, of qourse, several discussions, assumptions and
aﬁproaches to reach' this method, but we omit such detailed discus-
sions, etc.,to simplify and clarify the gist of the method. :

Kd

“ a) First, the demand forecast of Information Processing
Engineeru was done by dividing into three sectors as fOlloWS' -
i) Computer Users - ,
Information processing services industry
 (service bureau type business);
11) Software industry;
o - 1£11) Computer manufacturers.

b) Comgqfer Users . .
Bl , ] »
Standard numbers of I.P. Engineers per Computer System

.
a

as of March 1970

System Size SA PR OP MGR TOTAL '
V LA 6.0 7.0 3.0 2.0 18
. 1B 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
. ] 0.5 1.5 1.5 0.5 4
: Ss 0.5 1.0 | 1.0 0 2.5
N .
-as of March 1976
System Size SE sP. | Jp oP | KP ° | TOTAL .
. : L 5.2 9.1 |14.3 6.7 | 31.% 66.6
! M 5.2 2.5 3.7 3.0 9.5 23.9
[ 2.5 1.0 2.0 2.0 3.8 11.3 A
ss 0.7 0.5 1.0 1.5} 1.8 5.5
1 -
N S - 157 - to-
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Total numbers of I.P. Engineers

iSystem Size

N

No. of Computer Systems .

L. o " 2,900

M ‘ : « 9,700 B
S . e 8,800
88 . : . 16,600
AXB=2C
. . . ) o
Size | SE sp | Jgp oP KP TOTAL
L 15,080 {26,390 | 41,470 | 19,430 | 90,770 | 193,140
M 20,440 124,250 | 35,890 | 29,100 | 92,150 | 231.8%0
§ | 22,000 | 8,500 | 17,600 [ 17,600 33,440 99,440 C
58 11,620 | 8,300 | 16,600 | 24;900 | 29,380 | 91,300
B-3 _ S
Increase of I.P. Engineers by additional shiffts .
- ° . } .
1) Multiplying ratios by job title .
No. of shifts SE | sp JP | op Kp
. N /
1 1 1 "1 1 1
2 1.8 | 1.5 1.5 1.5 [ 1.5 D
* 3 2.0 2,0 | 2,0 | 2.0 2.0+

i1) Increase of proportions of additional shifts in computer

users

as of March 1970

Systew Slze 1 shift 2 shifts 3 shifts
L 30% Lo 30%
MM 60% 30% 10%
S 0% 10% -
8s 100% - -

@

as of March 1976

System Size | 1 shift 2 shifts 3 shifts
L C10% 50% 4L0%
L . 30% L0% 30%
S 80% © 20% -
88 100% - woy
- 158-- 4 .~
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111) Overall increase ratios by additional shifts

Dx F _—
Dx E

, _System Size | SE SP JP oP | KP
, L 1.1 1.1 1.1 1.1 1.1
r»/’ M 1.2 1.2 1.2 1.2 1.2 G
, S 1.05 | 1.05 | 1.05 | 1.05 | 1.05
' + 8S 1 1 1 1 1

B-4 !
Adjusted total numbers of I.P..Engineers
CxG=H ' :

L Size SE sp | Jp oP KP | TOTAL

L 16,588 | 29,029 Qﬁ.géj 21,373| 99,847 | 212,454
‘M 60,528 | 29,100{ 43,068| 34,920]110,580 | 278,196 B
] 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 | 111,83675,669 123,765 | 99,673|275,419 | 686,362

T

g3 B-5
InEF§EBe‘Uf*Uut§IHé'ordérs by computer users
v 1) Outsideé orders of software development by computer users

as of Mc»ch 1970 2.0% éa;
as of March 1976 25.0% b

11) Decrease of I.P. Engineers effected by the increase of
outside orders i

H

\ SE : 111,836 x /T-(b-a)7 = 111,836 x 0.77 = 86,114
SP : 75,669 x /I-(b-a)7 = 75,669 x 0.77 = 58,265
JP : 123,765 x /I-(b-a)7 = 123,765 x 0.77 = 95,299

B-6 . 4

Total numbers of I.P. Engineers in the first sector
(computer users)

_ SE .SP JP Y OP KP . TOTAL
. 86,114 | 58,265 |95,299 | 99,673 {275,419 | 614,770
-
15%
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c¢) Software Industry }
. c-1 5 ' ' ‘

2 Standard numbers of I.P. Engineers per ¥1 billion
(#3.25 million) sales : ,
el S S N L -
" 89 - 38 » »

0 . . ’
*Numbers of OP and KP are already included %n the
" "computer users" coluﬁh. because thea calculations

\~)/’“ * (of standard numbers x numbers of computer systems)
-/ include all machine operators and key punch operators,

. ¢ 3
. . -2 ' o v '
Total numbers of I.P. Engineers in software industry

Estimated sales /value in 1975 F.Y. R
(ending March, 1976) - ¥251 billion (#0.81 billion)

, ‘ . Adjusted value (equivalent to 1969 F.Y.) ’
- ) L 251/ 1.12-= ¥224,1 billion (%0.73 billion) (1)

C Lx(f) aM ,
SE : 71 x (251 / 1.12) = 15,912 -

SP : 89 x (251 / 1.12) = 19,946 s
JP : 38 x (251 / 1.12) = 8,516

e TR

(SE  s2 g op LN .
- 15,912 19,946 8,516  x * : M
\ /' ‘ . Y.
- C-3 = |
e

Total numbers in the second sector (software industry)

[y

.SE © SP Jp | op KP TOTAL
y . 15,812 119,946 | €,516 | - - | (sa,370) .

~

d) Computer Manufacturers
! )

D-1
. i 4 °
) Standard numbers of I.P. Engineers
- P ‘
per ¥1 billion (£3.25 million) investment for software
development
(SE sP & & ke oML,
© e, 203 19 83 471 !
Q . _ . r =
ERIC 160 /1Q,3
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per ¥ billion (£3.25 million) sales , L
(£ s gp g kP TOML, .y
25 2 10 58

A\ - »
.,

After several discussions it was concluded to adopt
J2 rather than J1 Iorncalculatioh of I.P. Engineers.

hd -
- s

D-2
Total numbefé of I.P. Engineers in computer manufacturers

Estimated sales value in 1975 F.Y.
(ending March, 1976) : ¥900 billion ($2.92 billion) (c)

Estimated installed value as of March, 1976:

, ¥3,500 billion ($11.36 billion) jd) .
J2 X (C) _- K ; ’ '
(G6E .88 - Jp O  KP  TOTAL, . y
18,900 ~ 22,500 - 1,800 9,000 52,200
D-3 . |

E .
.

Y

Decrease of I.P; Engineers effected by the outside orders
from the manufacturers -to software, industry

Estimated outside orders 1no1975 F. Y..
¥85 billion (g0.28 billion) '

Adjusted value (equivalent to 1969 F.Y.):
¥85 billion / 1.12 = ¥75.89 billion
(g0. 25 villion) (e)
SE : 18,900 -71 x (e) = 18,900 - 5,388 = 13,512

SP+JP 1 22,500 ~" (89 + 38) x (e) = 22,500 - 9,638 » 12,862

-

SE s | wp | op | kp | roraL ' ety
13,512 /}2,862 1,800 | 9,000 37,174
N -a
e) Summary
Sector .« SE SP JP- oP KP TOTAL
' Users | '86,114 | 58,265 | 95,299 e
99,673 | 275,419 | 659,144 ’
Software | 15,912 (19,946 | 8,516 ‘ - L e
Makers 13,512 12,862 1,800 9,800 | 37,174 ,
p Total 15,538 194,888 101,473 284,419 | 696,318
\
as of March 197 |
. . . ( 153 L' ‘
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Coqpariaon with pumbers as of March 1970

Demand )
.+ 'sector | SE | sp | P op kP | ToraL
- Users 18,235 | 11,385 | 19,609 | - -
: — 19,707 | 42,892 | 112,620
. Software | 284 3564 - 152 | : : ek -
, - Makers | 4,460 5,310 425 12,214 | 12,409
" Total | 22,979 36,812 20,132 | 45,106 | 125,029
. (as of March 1970)
' Actual
.7 Total | 15,924 | 28,235|16,166 | 38,430 | 98,755
L% " 69.3,| 76.7 | 80.3 | 85.2 .| 79.0 )
(as of March 1970)° ’
re fr .
Comparison SE | PR | OoP| - KP | TOTAL
t/v | 5.0 5.3 [s5.0] 6.3 | 5.6 .
L/N 7.3 | 8.9 | 83| 7.4 |. 71 .
) . . - .
v . S
. C. ANNOUNCEMENT
[ 4 P

. " The announcement was made in a limited circle palling'fd}

.

animated comments, but the publication has nat been made available

_to the pyblic.

-
. -

Announcement

’

o

[

Bector SE

SP

I

opP

. KP

TOTAL

Users | 86,114

58,265 95,299

Software| 1 12

19,946 | 8,516

99,673

275 ,647"

659,372

aKers . ’

1105

. 1,800

9,000

30,415™

- Total

109,538%

194 ;129%

101,473

Author'a comments

.
.

o

284 ,647%

LY
4
»

(as of.Mareﬁ 1976)

689,787%

.~

Q 4
-

Unfortunately there are some erroneous results which the.author
diucoVered They are marked with an asterisk. They might be caused
Qo by some miror carelessness. .

[c

r
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Abbreviation : Survey E. ' : %

Conducted by : Quantitative Meaaurement Working Grdup, Panel on )
Information Processing Education, Ministryoof Education (MOE)
Published under the title : “Iﬁformation Processing Engineer
Training Program - A Quantitative:Survey" (ppu65) B

Announced in : October 1971. . -7 , . .
4 Period covered: 1972 through 1980. - ' .
: ' . R ¢ i o
e Notes: / .

e 1l This survey. covers not only the. demand forecast of Information
’ Processing Engineers but the manpower supply forecast in,many-
cases without any counter-measure, establishment of spécial °
. . departments on Information Proceasing. steering orogramme
of general I.P. education for, all "students, etc. and cost
_/ analysig and effect suyvey of such cases. . . ’
* ' 2. The summarized contents of the publication are as follows:
* ' a) JDemand; forecast of”Information'Proceasing Engfneers, .
., b) Supply forecad®.in the case yithout any .counter-measure, e
c) Effect of establiahment of special departmenta,
d) Steering programme of general I.P. education for all
' students, LT
e). Cost analysis of the general I.P. education prograﬂme. Lo
f) Effect of the general I.P. education programme .’
© _ 3. This paper covers-only a part of the above item (a).

. 3 .
" »

. A. BASIC DATA - , :

a
- X N -

Basic data of tHis survey aré extracted from Survey (d-27..

.
‘

Pl o

Systems | Sales 4 Education : : . “
. as of analyst ‘engineer|engineer Programmer pperat?r Total
Mareh '72| 37,430 5,93 1.500/‘ 54,200 | 35,000 |134,200
Mardp '75{ 76,510 | 11,00 . ¥,00 106,860 | 77,920 §275,390

e '; [ ’ q
In this aurvey. sYstems engineer" is defined as a generic term

‘combining system anag&at. sales engineer and educatio# engineer in

«~  the Survey (J-2). ' - '

The,item of "operator" is omitted, resuiting in the folléwing .

- figures: s, : .

N
e L) A

s . fl - . ’ .

N ‘as of ! v .s&gtemgggng%neer Programmer *  Total '
o March, 1972 45,080 . 54,200 . 99,200
. March, 1975 90;;60 106,860 197,470

+# L . \
. V/"/// - ! .

©ik5
3
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B. METHOD ' @, AT

. . There were many discussion3 assumptions and approaches con- -
, cerning Japanese educational systems, training programmes, labour
. Y conditions, labour customs, computer‘fﬁdustry forecast, etc;

However, to simplify and clariry'the forecasting method of this
survey, we omit such dilcuSsions and’ introduce only the outline pf

the method, : I : ‘.
o / It is self-explanatory. . o ‘o, e
M o ) C - -
DA " as.cof | . SE * PR TOTAL ,
March 1972 45,000 .SA; 54,200 éc; 99,200 23; ot
; March 1975 90,610 (B) | 106,860 197,470 (F
‘ |‘0 ao
' 1. Yearly Growth Ratio v
) (B) / (A). = 2.014 T
A ‘  Average Yearly Growth Ratio (SE) = 1.263 . : -
s » . .
§ (D) / (C) = 1.972 . ’ . P
% ” s Averafe Yearly Growth Ratio (PR) = 1.254
ot . -
c (R (k). 1.991 ' '

2 l

- Average Yearly Growth Ratio ('ﬁl‘otal)\q 1.258.

S Then we assume Average'Yearlg Growth Ratio = 1.26
A during 1975 through 1980 generally. > . s
pr .. R . L LN ;
3 ’ 2 Yearly Growth Number
‘ . ! . !
, [(B) - (A)_‘7 / 3 = 45,610 / 3 = 15,200 + (SE) ’
[(D) ~ (C) T/ 3= =',52,660 / 3% 17,550 (ER)
B x. L(F) - (E).7 / 3 o 98, 270 /3 = 32,750," , (Total).
’ e Numbers estimated by muItiplying~by Average Yedrly Growth ‘o
, . Ratio 1.26 may be the maximum demand 1imi£, ‘and numbers/ o

estimated by adding Average Yearly Grbwth Number may be ”
the mihimum- demand limit. Then we take average Z— (Maxf)
+ (Mini. 1’7 / 2 as Yearly Forecasted Number (See Tab%e
on the following page.) *

': AT / "
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C. ANNbUNCE B

: : ~ .
T e,!/ilowing sult has :;gp/
erroneous points whtch are expldin

/

AFt§ca1 Year Syaggmgfﬁﬂéz;eer
71972 “- + 45,000
1973 . 58,450

N 1974 73,400
! 1975 -90,610

1976 109,960 =
. 1977 132,410,
: 1978 _ 158,710
1979 189,850

1980 _ 227,150 - - |

Ag;hoé'a comments:

* Usually time means "the end of the fiscal year", then
"fiscal year 1972" means "as of Mafch 1973". Consequently
this column must be corrected as "1971, 1972 ... 1979",

## Minor calculation errora;,‘129.5oo and 239,460 are correct. ° |




'SEMINAR ON TRAINING POLICIES FOR
COMPUTER MANPOWER AND USERS

1. NA}TIONAL ‘DELEGATES -,

@

. ’ - ’ : : &
Australia. . Mr. P J /Crawford i
_ ' : Counsello?* Scientific Ai’fairs,, .
Australian Delegation'to OECD, Paris

. Austria ' "Mr. I. Fitzka,

-

Deputy Director, o
Federal Chancellery, Vienna

“Mr H. Wachter g
jrl k\ Attache, . <
&. -~ Federal Chancellery,NVi
"Belgium .. .Mr.G. Paris, :

onseiller general,
blic' Administration Brussels

‘Canada’ ' . Mr. E., Sabdurin
. . Chief EDP, ’ )
- o— 2 Dep rtment of National Revenue Taxation,

ot . )

Denmark Mr. W. Rasmussen
S - Director,
‘ Ministry of Education, Copenhagen

Finland ' Mr. A. Sarmanto . .
Chief of Computing Activities, ] .

A Ministry of Education Helsinki . )
France Mr. P, Moulin‘ o o
* : Chargé de mission aupres du Delegue a l'Informatique,

Délegation. é 1'Informatique, Paris

Germany ~Mr. R. Dierstein .
Coe DFVIR, . ¢
Principal Computers Div1sion,
@Bbrpfaffenhofen

Mr. D. Efthumiatos

Scientific Counsellor, ,

Scientific Research and Development Office,»
, Athiens

Ireland Mr. W. Kehoe RN
Systems Analyst, >
Department of Finance Dublin

Italy Mr. G. Sacerdoti
. Chairman AICA,
SAGO SpA, Milan.

-ﬁ\. ’
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. Japan . %+ Mr, S,Afmamura
Loy Executive Director, :
: \ : ’ Institute of Information Technology, Tokyo

°. ' Netherlands . . M. W. L. Van der Poel

: R Professor of Computer Science,
. : University of Technology, Delft
. Norway . . Mr. 0. J. Dahl .
. : : Professor of Computer Science,‘m
K ‘ Institute of Mathematics Oslo“
.Portugal - . Mr. P. Loff

- . . Deputy Secretary General N
. Ministry of Education, Lisbon

Mr. A.-Silva de’ Sousa . . R
".Vice-Chairman of the National Council for' L
Scientific Research and Techhqlogy, Lilbon *

- Spain - .Mr. F. Piera Gomez . ~
B Executive Director, . - o
Ministry of- Education,and Science,
Madrid’

5 L . v . . -~

o ) Mr, E. Sanchez onzalel i
' Jefe de la Secci e Proyectds y Analysil,'
S Presidencia’ del Gobierno,
I . . Madrid = . « =

Sweden . TMrcT. Ohlin . .
: : Deputy Secretary, -

Ministry of Industry,

Stockhoom

Mr. P. Banderet
Professor of the Computer Centre,

Neuchatel University o R L.
] Mr. K. Brennan
T oS e ’ ?ublic Service: Board Representative,
: T o e Australia House, London

S - . - - Mr, A.G. Lovick -
- . Head of Personnel, and Education Branch
3 : . Central Computer Agency, . .
- o . London ) :
.. United States Mr. C. Wait
L . Counsellor,

) " United States Delegation to OECD
- - Paris .

Yugoslavia . Mr. s. HJn . e 3
' . . Director, ' o

Institute of Management Sciences,
University of Subotica

- Mme O. N0¥6l81

2 : Special Library Assistant, 5

] . . Zavod za Unapredivanje Struenog,

i . ' Zagreb ,

Mr. A. Takaci
: 5 Counsellor,
; . . Naftagas, Novisad

v

<] 1
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2. EXPERTS

Belgium Mr. J.F. Blackburn
N s " . Director, . -
A IBM ‘Eur'opean Internatxonal Centre,
Brussels o

k \ Mr. F. Bodart-— -~ " - - = :
._ Directeur, - R

" Mr, E. Bonnechere : : A v
. Président, ' L i,
: ASAB Brussels - . . I S

Mr. G. Anderla
Professeur,
Institut d'Etudes’ politiques, Parié

1. Mr. J Hebenstreit
-~ Pirecteur,
Centre de~Calcu1 ’ e
‘Ecole- supérieure d'electricite,
Malakoff

Mr. W. Mercouroff T~ ' ”*“m‘;fbx;\

. Chargé de mission & 1'1n£grma$iqﬁe,
‘\\\ﬂinistére de 1'Education nationhii5~ .

- Inst;t t de programmag}on, Paris —
Mr G - ) :

.. Géwcia Camarero’
—Sub—direct
Centro de C sulo de: 1a Universidad de Madrid

United States - Mr. R:T. Filep .

* Associate Commissioner Educational Technology,
U.S. 0ffice of Education, ~——— |-

Washington =

Mr. A. Finerman

Manager,

California Institute of Technology,
Pasadena A

Mrs. M. Henderson

Institute for Computer Science and Technolog
‘National Bureau of Standards, ‘az
Washington :

Mr. D. Teichroew

: Professor and Chairman,
o .+ Department of Industrial and Operations Engineering,
University of Michigan, Ann Arbor

..a/\ 4

a -

© . 2

- 3. OBSERVERS .

EEC . Mr. J. Desfossés
Directorate for Industrial Affairs,
‘ .Brussels
Council“of Mr. J.P. Massue, . "
Europe Commission ‘of Science and Technology,
. Strasbourg 161
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acultés universitaires Notre Dame de 1% Paix,‘NanunT
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Q,

UNESCO Mr. M. Pobukovsky
' Head of Systems Analyst,
. Paris o ‘
.’/‘ . ' )
o ) SECRETARTAT
! Mr. H.P. Gassmann
Mr. P.M. Martin
> : .
A
. 'j/ k
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