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The goals of computer science education in a

developing country are: (1) to fulfill the manpower needs of computer
scientists which vould ensure rapid economic advancement of the
country, (2) to popularize the use of computers as an integral part
of engineering design, (3) to become completely self sufficient in
softvare developrent and (4) to ensure that computer science plays
its vital role in all areas of research and development. To fulfill
these goals a broad based coaputer science education would be
required. The educational programs may be divided into the following
broad categories: (1) professional programs in computer sciemces; (2)
continuing education prograas for practicing managers, engineers,
scientists and teachers; (3) osmosis of coaputer science into other
disciplines and (4) education of computer design and saintenance
engineers. The primary role of the computer in accelerating
industrial development in developing countries may be fulfilled in
part by setting up regional computing centers and attaching thea to
good universities. (Author/NH)
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QJMPUTE'R SCIENCE EDUCATION IN DEVELOPING COUNTRIES

In this paper we will attenpt to formulate the goals of computer science
education in a developing eountry and offer some suggestions on how these goals
nay be attained and at what coste.

L. GOALS

The main goael of an educational progran in a developing country should be
to fulfill the manpower needs of computer scientists which would easure rapid
econonic advancenent oi? the country. The crux of the problem faced by
developing countries is one of pla.nning, organization and ma.nagement.» It
is in this area that caaputers are to play their major role. |

The second goal of an educational program is to popularise the use of
computers as en integral part of engineering design. Design of ciidl
structures, electrical mat ines and chemical plants, to list a few, fall in
this ca.tegory. The advent of computers have me.de a profound change in the
philosophv of design and these new techniques should be immediately absorbed
in developing cotmtries to accelere.te development.

The third goal woulo be to become completely self sufficient in software
. development. It is axiomatic that effective uti_lisation of computers can
come a.bout only vdth full indegeneous capability in software. In countries
like India. there is: abundant intellectual 1a.bour. Software development,
being a labour intensive activity, would have a good export potential.

The fourth goal would be to use computers to increase the productivity
- a’: :
-»



of processes and systems.v The present trend indicates the need for a
number of speciai purpo se camputers'fon online centrol. To increase
the computer consciousness in the country and to make computers readily
available, it is inmperative to design and manufacture small and speclel
purnose conputers indegenegusly. This activity pre-supposes the
exlstance of a sound elecnronics base in the countrye.

The f£final goal wonld be ensure fhat computerAscience plays its vital
role in all areas of research and developnent. Tuprovement of all areas
of education ould come about with the proper use of computers. Ph&sical
scientists normally realise fhe irmedi ate necessity of computers. The
behavioural sciences (soclology, psychology, economics, linguistics ete)
on the other hand are reelly underdeveloped in the developing countries.
The use of camputers in tﬁese areas, of necesslty, would introduce
quantitative methods and relevance to exlsting facts of life.

II. COMPUTER SCIENCE CURRICULUM VD COURSES

In order to fulf;ll'the‘sbeve goals a broad based computer science
educatien would Be‘required; :The educational programs mey be divided into
the followluag broad categories:

1. Prpfessional prog:ams in computer sciences

1i. Continuing ednEatlonbpfograms for nnacticing
_ managers, engineers, scientists and teachers

iii. Osmosis of computer sclence into other discipline-

iv. Education of computer design and maintenance engineers.

- e
»



3
By professional progrems we mean‘educational . prograns leading to
Bachelor's, Master's and Doctor's degrees in computer selences. The
_ proféssionals would be in two broad stresms, nanely,

1. software deslgn and management applications
11. computer design

'A large nunber of students would be in the f_irst strean and the
second str‘eam'will have nostly eiectronics students specia-lising in the
-desig_n' of small and special purpose digltal computers;

We will devote our attention mow to the first stream.

In contrast to computer science programs in developed countries 'bhe
'c.urriculum in developing couniries should have a dominance dn the appIied
areas and have a ‘"management orientation" ' '.l‘hus subjects like operations
research, software design and business data proeessing would be required
courses of all computer scientists. ‘

In this context of the necessity for mana.gement orientation in
conmputer secilence education in developing oountr:.es the following observa-— R
tions in the "Econ)mist " 18 worth noting: |

"Europe 1is deeply worried about the growing technological gap
‘ between it and the United States and this desplite the fact
that Burope produces a higher proportion of scientists. What
apparently is lackLng 18 not scientific manpower nor adequate
training fecilities but a policy which. recognizes the importance
- of scilentific management. Technological imnovations require
a. certain state of mind and the Americans have 1t because they
employ better educated managers. The - barrd.er to innovation is.
,not at the ‘technical level but at the managérial level " :

These observations ere. doubly relevant in developing countries- Computers »

-

‘ have profoundly affected management teohniques and’' a basic ehange n -
s S
atti‘tude wom d oome ii’ the management ranks are in:filt:‘ated by computer '

scientists. | . . : :




In the development of copputer science education in developing
countries 1t would be desirable to introduce postgraduate programs first
and then work towards an undergraduate program. The post graduate
Prograns will gencrate the manpower required to initiate undergraduate
prograne at a later date.

© 4 typlcal Mester's degree program for the students specialising in
software and applications would be:
1. Introductory programming and caaputer org-:.ﬁiiation
-2« Discrete mathematics
3+ Boolean Algebra and switching theory
4+ Software engineering
5. Conputer systems arganization
6. Cperations research and couputer methods
7. Business data processing
8. Statistical methods
9. Numerical andl ysis
This will be supplemented by two electives in mathematics, engineering a
mnanegenent science. A research or development project extending over
6 months would be required of all Master's students. The Master's progran
.~ 1s expected to extend over a two year period. 4 two Yyear program will be
'eseential- in this area .to make up for the non-uniformity of students in
various univereitie‘s. ‘

The pre—requisites for joining this stream would be a bachelor's
ldegree in mathematics, engineering or physical sciences. (In coun'ln‘ies

_1ike India where bachelors program in mathemntics ard physical sclences
_; are of short dura.tion it would be desirable to have the pPre-requisite as

':; a master s degree.)

A’master'- student for the computer design strean wuld have a.- e L



bachelor!s degree in electrical engineering (electronics optizn) as the
pre~requisite. The curriculum would have the first five courses of the
first stream and will have, in addition, the following courses:

1. Transistor electronics anmd pulse techniques

2. Design of digitdl electronic circuits

3+ Memory organmization and design
This will be supplemented by two slectives in electrical engineering
which might typleally be on control, power or commmnication systems.
This will also be a 2-year progrem.

Doctoral prog:~ams on the other hand should have the same orientation
as in the developed countries. Theoretical areas of coriputer science like
sutonata theory amd mathematical linguistics should have an importgnt
placé in the curriculum and research in the frontiers of conputer sclence
would be essentlal,

Contimuing education programs would Be essential in the following
areas:

() Shoit‘intensive courses including programiing,
 mumerical analysls and business data processing.
(2) ‘Appreciation courses to menagers and labour
‘leaders (shor't one or two day programs)

(3) Specialised long term (4 weeks) courses in:

a) operations research
- {b) inFormation retrieval
--(prower systens design

: d)
. and optinization’
'geg chemical process design

structural engineering design
(£) statistics and behavioural -
. science applications '

4<€)7diréétHdigifél7cbntr01 of ‘ :
- processes and systems. »

o
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(h) systems programming and software
development
(1) business and accounting applications

The above areas are typlcal but would vary depending on the
countries' special needs, the availability of expertise and the capability
of absorbing and applying the ideas.

The impact of computers in other disciplines would be best brought
about by exposing students in these areas to programm:.ng. The advent of
procedure and problem oriented languages has made this task eagy. It
would be ideal to compulsarily teach programming to all undergraduate
in engineering and physical ‘sciences, in the better unifér'aitiee'. At
preserrl: proficiency in a ccmput er language is more relevant than profid ency

in reading German, Russian or some other foreign language.

(4 ) Special conferences. organized by profess:.onal
d computing societies..

Such conferences with international participation will be useful in
developing countries. -. Their main purpose will be the exchange of ideas
be‘t'ween the profeesionals belonging to the inter—national community
of computer scientiete., . ) _

" The problem oi’ educating computer de51gnere has already been

considered.‘ Maintenance engmeers would not need any special education

1n ccmputer science but would be elect:.'_ ucal or meohanical engineers .

with appropriate training given by the manufacturer. T




It is felt that no special programs ‘would' be needed foxr develop the
manpower for computer operation. The manpower displaced fraa other
clerical jobs when conputers are introduced in an organization could be
trained as operators.

. III. IMPLEMENTATION

The above broad based educational program is very ambitious. It is

: prescriptive and would be essential if the inmpact of computers 1s tou be

felt in developing countries.

Tt would be ideal to have a small in-house computer for training
purposes in each university. However, at the present level of budgeting
it would be difficult for all universities to maintain their own computer.
An estinate of anmual rTunning expenses of a computer centre with a small
computer (1ike 360/30) in Indgia would be as follows:

1. Systuas programmer cun operations supervisor Rs 10,000

2. 2 full time programers 16,000
‘3. Three full time operators 7,000
4. Maintenance .expenses - 30,000
5. Stationery, airconditioning, utilities 40,000
6. Office overheads’ _ 10,000
' 113,000

- This is a conservative estimate and as usage grows the expenses will be

.nearer Rs 150 OOO (Rs. 7 5 per dollar) This is larger by several times

-'.facility w:l.ll be useful only for instructional purposes an¢. not for

’l‘

. _._'the money spent ‘on othe:r: central faoilities 1ike library and workshop

-__l'in most of the existing universities. Further such a. oomputational .l

resea.roh and development o"iented work. __’.'L'hus :Lt is cle__gr that some,,‘We]éi-;‘—»-; L




funded and wanaged regional facilities would be required. The universities
in the region should have access t-o the machines and Budgeting procedures
mist allow the faculty and students in the universities to make liberal
use of the regional facility.

There are other over-whelming reasons t o develop regional computing
cemtres as the foecus of caputational activities in a developing cuntry.
In this c,ontext' ir wonld be interesting to review brie:fly the developn;ent
of conputer use in industries in India. Historically the accounts sections
of most public amd private sector conpanies had key punches anci other
1 electromechanical caleulating equipment. The conp;lters care in as
replacenents for these machines and were loccated and controlled by the
accounts sections. (In fact even now in India IBM is assembling and
~marketing & model of the 1401 called the 1401H which has no tape or dise
capabi.iities). The size and speed of these computers as well as thilr
| managemerr" led to uszge in clerical applications which had 1little inmpact
~on the overall management of the company For example the most common
applicat:a.ons have been: _

i. pay—roll and provident fund accounts
.~ 11+ sales and -purchase accounts statistics
1ii. share account!mg : '
. dv, statistics on passengers and goods traffic -
~ve malntenance: of policy records anl premium billings
estricted stores inventory .




These are areas where computers are obvious replacements of clerical
labour end have led to erployee reslistance. Even though these
applications nay be justiﬁ.ed for large volume work they have very little
impact on improving production policies end nanagenent decisions. In
developed countries computer based informtion systems and application
of operations reseurch technlques like line'ar programaing emd PERT have )
revolutionised management decisionimak_:l.ng processes. -' These are the
applications. which would lead to substantial savings as opposed to
savings obtained by displaring cheap labour and should be the ones with
top priority in the developing cnuntries. The trend ‘however has been
the reverse due to the paucity of skiiled managers with a knowledge of
computer sciences. If these :meo_rtant applications which affect
managenent decisions are to be meaningfully impl emented larger computing
systens would be required. As the turn-over of even the larger conmpanies
in dereloping countries 1s not sufficient to justify installing a large
in~house computer it is necessary to have regional centres which Llll
eater to their needs. The companies would probably still contimue with
the smaller in-house facility for small scale applications.

Another aspect oi’ the development oi’ computer usage in India
(vmic:h may be extrapolated to other developiné countries) is also
disturbing. Ci’ the one hundred and eleven computers in +he country

-

- over two thirds a.re obsolate coumercial data process:l.né> systems of the

Sree- .

IR 1400 generation. These'are econditioned" and sold in the country

“yst

B! , o ,“
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by foreign memufacturers.

Of all the existing systen less than 15% are in educational and

research establishments. Except fo:b 2 large systems (CDC 3600 and

IBM 7044 ) all the others are small canputers. Most of the computers in

the educational sector have been obtained as "gifts“ and the Eck of
adequate budgetary provision for running them has severly curtalled
usage (most of them are used bnly‘ for 8 hrs/day). All fhese have led
to suboptimal use of computer facilities and have had very little
inpact in spreading computer ‘consciousness in the country.

It is thus felt thab well managed regiomal computing facilities
with e‘.dequate computational power would lead to an optimal system iﬁ

terms of accelerating computer use for devel oprent.

IV. REGIONAL COMPUTING FACILITY
A regional computing fecility_ ghould have a large computer
(inw}estment of the omer, of 2 million dollars) and adequate budget for
rumning expenses (of the order of $200,000 per year). The main role of
| the fac:.lity wculd be the :I.’ollowing |

(i) provide continuing education programs to teachers in .
colleges, managers from industry amd others

(:I.:l.) provide adequate const’zlting .help to industry in for-
mula ting operat:.ons research and engmeer:l.ng design
problems '

(iii) provide, computat ional facil:.ty o univers!.t:.es and
e industry in the region

(iv.)"act as a focal po.; for intensﬂ.ve software development . .2
B efforts.j_; o ST e _ -
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The main goal. of such a regional facility should be to rapidly
spread computer usag,e in applioations where 1t would have the naxirum
impact in developing the economy of the country.,

The goal will be fulfi.l.led and the centre would be able to efrectively
provide education amd leadership 47l 1f 1t is attached to a leading
technological institute or a university.

There are a mumber of advantages -which accrue when the facility is
in an university environnient. Th‘ese are:

i. meaningful continuing education program in diverse
disciplines can be given only with excellent faculty
available in a large university.

ii. it ‘will be easy to draw on the talents in a university
. to pProvide consulting on problem formulstion. This
will also enrich the academic program due to the
faculty being in touch with live problems. Presently
relevance is sadly lacking in most universitics in
developing countries. .

iii. a good professional computer science program ean be
developed in the university glven the sccessability to
-an excellent facility.

. iv, the large mutber of students in a univers:.ty and a
contirmous flow of" students through it wlll expose
a large ‘group to computer uses. This "aultiplier v
' effect" :Ls possible onl,v in an educational institution. _

ve a good academic program coupled vzi.th industrial
o consultation will lead to vigorous software :
development activit}'.

vie the university can readily g:Lve programs in computation
" 'to students in thee-'region apd.sate talented high school -
students“"(s_f Tt raz or.sumer courses) as they would
-l havey ‘besldes’ the faculty, the facilities of an educatiomal .-
jinstitutions (like OOd'library and dormitoriel) e
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v:i.i#‘the facility can be run economically as a large number
of research asgsistants and part time student help
would be available.

viii. in most countries a univers:.ty cannot function effectively
only on the budgets provided by. the state. It is essential.
to have support fram industries and other sources vwhich
will be mutually beneficial. Such a support at least in
the computer oriented areas would be forthcoming with a
large scale computer facility.

Thus 1t would be meamingful to have regional camputer fucilities
attached to good universities. This would ensure full utilisation of the
" facility and will have a sign;i.ficant impact on the country.,

With tine sha.ring, a reg:.oml cmputer centre would indeed become
very effective. However, the present state of communications technology
in developing countries would preclude immediate advent of time shered
machines with consoles located at remote poirts (more than 10 miles
from the cen'tz'e).

This leaves the problem of canputer educati on in the other
universities in the region only partially solved. Cne idea migk3 be
t‘eaching progremming by television. . Asvamr programming course would
_need irmediate access to a computer this might not be very meaningful.
However, Lf good error free canr.nmicat:.on channels are available then
the central conputer may _be used effectively using telev:l.slon for
instruction‘.

| Another method would be to have a srrall mobile computer travel
: ."through tk‘e reg:.on and used to taach programming. Research and other

students who need a larger-wmachine may travel to the regional fac:l.lity.j

i i,
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The advent of small general purpcse camnputers which are rugged .and do
not need striet temperature and humidity control has made the ides of
& nobile computer feasible.

V. CONCLUSIONS

To conclude, we observe that it is imperative to have professional
computer science program with accent on managerzent science in the
developing countries. Computer science should alsoc be absorbed in other
disciplines am a concerted effort should be made to achieve $his.

The primary role of the conputer in acce_lerat_ing industrial develop-\-'
ment in developing wuntries mey be i”ulfilled in pad:‘t by setting up
regional ccﬁputing centres and attaching them’ to good universities.
United Nations can help ixi this by setting up a regional centre

(as an experiment)in a developing coﬁntry.
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APPENDIX

Surmary of current status of compiters in India and & _projection

Present status

Number of systems 111
Total value $ 27 million
Distribution:
Govermient and public seotor 42 systems - value $ 11 miilion
Private sector companies 42 systems — value § 9 million
Research and DeVe] opment , .

Organizaticns 13 systems - value § 4 million
Educational institutions 14 systems - value $ 3 nillion

-In 1963 there were 5 systems and iﬁ 1968 there' were 111 systems.

Sources of’ Supply |

IBM reconditions 1401's ang manufactures 029's keypunches
ICL has plans of nanufacturing 19014's, PFirst systen to be delivered in 1970-
IBM plans to update assembly to 368/30, 40 and 44,

Erojection of needs for the next 10 years

~ Very lerge system cost $ 4 mi1lion - 1

Large systen - » - (ecost § 2 million) - @ 3
Mediun large - (cost $ 1 million - 15
Medium < (cost $. 5 million - 275

CSmall 9;[cost $.2 million) - 400 .

Total investmont $ 360 million

:Personnel requirement (pro‘;kee‘bion)
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Conputer Science (Ph.D) 50
Knowledgable users 15,000

References: Electronics Commlttee Report, Govermmuent of India, 1969.
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