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INTRODUCTION

eneral

1. At its twenty-third session, the General Assembly adopted
resolution 2458 (XXIII) requesting the Secretary-General to prepare a
report giving special consideration to the situation of the developing
countries with regard to:

(a) The results already obtained and the needs and prospects for
the use of electronic computers in accelerating the process of economic
and social development;

(b) The various forms which international action may take to
intensify co-operation in the field of computers;

(c) The role which the United Nations can play in promoting
international co-operation in that field, with emphasis on questions con-
cerning the transfer of technology, the training of personnel and technical
equipment.

2. A number of activities were undertaken in connexion with the
preparation of this report. The Secretary-General sent a letter and gues-
tionnaire to Governments of Member States inviting them to provide
him with relevant information in connexion with the above-nientioned
resolution (see annex IV). Replies were received frem fifty-one Governi-
ments. Organizations in the United Nations family were invited to co-
operate by responding to a letter seeking their views and experience. This
was followed up by visits by consultants to the Headquarters of each
interested organization for discussions with their staff. Other relevant
organizations in the field of computer technology were also approached
and invited to provide information and their views. A number of the
important international professional organizations were invited to put
forward their comnients and views and they co-operated closely with
the Secretary-General in the preparation of this report.

3. Pursuant to the resolution the Advisory Committee on the Appli-
cation of Science and Technology to Development (ACAST) . assisted
the Secretary-General, and established an 4d Hoc Working Group
on Computer Technology. During the eleventh session of the Advisory
Committee, this 4d Hoc Working Group met and made some pre-
liminary comments and observations. In order to supplement the ma-
terials, information and suggestions that were presented from all these
sources, . the -Secretary-General commissioned a number of specialists
to prepare background papers.. o -

-~ 4, From 24 to 27 February 1970, an Ad Hoc Panel of Experts
was convened by the Secretary-General. The list of members of the
Panel and participants is contained in annex ITI. The report of the Panel
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of Experts was widely circulated for review and comments to organiza-
tions in the United Nations family, to professional computer organi-
zations and to other interested bodies and individual specialists.

5. The Advisory Committee on the Application of Science and
Technology to Development accepted the invitation of the Government
of Romania to hold the meeting of its Ad Hoc Working Group on
Computer Technology in Bucharest on 13 and 14 April 1970 and
authorized the Working Group to communicate its views and comments
to the Secretary-General on behalf of the full Committee. At that
meeting, the ACAST Working Group formulated its views on the draft
report which had been prepared by the Panel of Experts. It was also
informed of and took into account the comments and observations

received on the report of the Panel. The report adopted by the ACAST
Working Group is contained in apnex IIL

6. The present report comprises two main parts. Part One dis-
cusses programmes for developing countries while Part Two deals with

caveats, barriers and incentives with respect to computer technology
for development.

7. In operative paragraph 1 (a) of resolution 2458 (XXIII),
the Secretary-General was asked to present the results already obtained
with respect to the use of electronic computers in accelerating the
process of economic and social development. Unfortunately, the re-
sponses received from Governments contained insufficient data to pro-
vide a clear description or assessment of computer installaiions or usage
in the developing countries. Some useful data were obtained and have
been used extensively in the preparation of the present report. The
other aspects of the situation specified in the resolution have been
dealt with fully in the report. This report should be regarded as a
first endeavour to take a general view of the application of computer
technology for the benefit of the developing countries; as such, it has
been able to point out some of the main elements involved and
formulate a number of principal conclusions and recommendations.

8. During the Second United Nations Development Decade, the
developing countries will need to call more fully on relevant technology
to accelerate their development; computer technology is one important
element in determining the rate of technological change. The con-
‘tinuing growth of computer technology and its application in the in-
dustrialized countries will be a general feature of the 1970s. Increas-
ingly, it is being recognized that in itself the computer is not a panacea
and that all the difficulties and consequences of using computer tech-
nology need to be considered. A long-term commitment will be requlred
by the individual Governments of developing countries, which may in
turn . contribute to lessenmg the gap between the developed and the
developing countries in the applicatiox of computer technology. It is
expected that the Second United Nations: Development Decade will
be a period during- which the developing countries will be able more
fully to utilize' computer technology, under sound and realistic con-
ditions, to improve the rate of their desired economic and social change.

C’ 2
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Brief description of computers

9. A computer is a device to process information; it has a means
of accepting information (input), a means of storing information
(memory), a means of processing the information (central processing
unit), and an output device. The processor performs arithmetical or
logical operations on the data, and the memory stores both input data
and intermediate results. The computer memory also stores the informa-
tion which specifies the sequence of operations to be performed (the
stored program! or machine language program).

HARDWARE

10. The physical parts of a computing system are collectively called
computer hardware.

11. The major components of a computer system are:

(a) Input equipment: card readers, punched tape readers, key-
boards, document readers;

(b) Central processor: the unit which carries out the logical and
arithmetical operations;

(¢) Memory: devices for storing both data and instructions on
how to process the data; magnetic cores, magnetic disks or magnetic
tapes are examples;

(d) Output equipment: line printers, plotters or display devices.

12. Card readers are most widely used for input, but document
readers are coming in to use as their reliability increases. A number

of companies are developing equipment which enables data to go directly
from keyboard to magnetic tape. '

13. Central processors vary in capability and in speed; the larger
processors are the most economical. '

14. Most high speed memories are made with magnetic cores; a
few computers have extra high speed’ “scratch-pad” memories made
of thin-film magnetic materials. Intermediate speed memories use
magnetic disks or drums, and magnetic tapes serve as slower speed
memories. Access time, the time it takes to tramnsfer an item or group
of items from its location in storage to where it is needed, ranges from
microseconds (millionths of a second) to hundredths of seconds for disk
and drums and to minutes for random access to information on ‘magnetic
tape. -The pricé for-storing an alphabetic character varies with speed,
from $0.25 for core storage to perhaps $0.0001 for storage on magnetic
tape.” = L | | '

1 “Program.” and “programme” are two alternative spellings for the concept
of “a plan to be followed”. In this report the spelling “program indicates a_set
of instructions and data specifying a computational or datd processing plan. For
other plans, the spelling “programme” is used—for example, an. educational
progranme. ' L - N . S ». P R R . _ o R _
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15. A typical line printer prints a line 132 characters long and
at rates of 1,100 lines per minute. Manufacturers are beginning to
offer display devices that show text and can do curve plotting.

16. Figure I shows the organization of a typical computer system.

Figure 1. Organization of a computer system
: Magnetic tape ' units
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17. Systems for administrative and business applications must be
capable of handling large files and large volumes of input and output
in which the data may be numerical or alphabetical. The terms auto-
matic data processing (ADP) and electronic data processing (EDP)
are used to describe such operations. A more complete discussion of
computer hardwar_ is given in annex I. :

SOFTWARE

'18. - Before a computer may be used a program must be estab-
lished in its memory. The program is a set of instructions specifying
a sequence of arithmetical and logical operations' to be applied to a
given set of data (a plan 'to be followed). When the ‘instructions refer
directly to the hardware components of .the computer they are con-
verted simply into electrical signals which activate the physical devices.
Such a list’ of mstructlons and assoclated data is réferred to as a machine
language program ‘Machine language programming is tedious and may
give, rise. to: error,, Therefore, with  the first commercral deliveries (see
,_annex I para :), a symbohc assembly language was developed and
at anslatmg program was written: this. was a computer program which
'when executed caused .the. computer. to. accept. statements in the as-
sembly; rlanguage and -;_generated machine . language . commands This
_ permltted the. user to refer.to quantmes by symbohc names.. Along with
"assembly Ianguages came: the ,techmgue of, developmg programs in sec-
- tions” (called subroutmes) in such‘a way that they could be used with
-other. programs, __and libraries of subroutmes could be collected and
"-dlstnbuted

'I-'he opeeltmg system was ‘a hlghly s1gmﬁcant software de-
isis’ _wg-. res1dent program wlnch allows the computer to

4



action between jobs. There is no waste of time between jobs, an
especially important factor when there are many small jobs each requir-
ing only a few seconds to run. Even in large installations working on
large problems, numerous short runs are required to “debug” sub-
routines, that is, to check them for errors. When the pieces are correct,
the whole program is assembled and tested on small sets of data. A
good operating system can double the throughput (number of jobs run
per hour) of a computer system. -

20. Systems were developed that would accept a job stream, line
up the jobs and select them to be run according to priority. Short
“debugging’ runs to find errors can then be put ahead of long produc-
tion problems.

21. High performance systems have several input devices and
printers, permitting several job streams at a time. Multiple input/output
channels can be established at remote locations to make a remote job
entry system. _ :

* COMPUTER . LANGUAGES

22. Symbolic 2ssembly languages were followed by problem-
oriented or procedure-oriented languages. The first of these was Fortran
(formula translator) which accepted . statements of a mathematical
type. This was followed by Algol (alyorithmic language) and by Cobol
(common business oriented language). ‘ :

23. The standardization aspects of these languages- are of interest.
Fortrar and PL/1, another computer language, were de facto standards
established by one computer manufacturer; Algol resulted from pro-
fessional society co-operative efforts; Cobol was sponsored by the
Government of the United States of America. = - .

. 24. In another clags, there are special purpose languages.
SIMSCRIPT, SIMULA and GPSS are designed for specifying machine
tool control. TPL-V, LISP, and SNOBOL are string processing lan-
guages for symbol manipulation. . . . _,

.. 25. .Since computer hardware is costly, the first operating sys-
tems. were designed to keep the hardware busy even at the price of
making users wait. A more recent mode of computer operation is time-
sharing, an afrangement where one computer serves mary users, each
at_his own, terminal. The computer serves each user in turn in such a
~ way as: to_keep him occupi¢d between turns. Reliable performance of
. timo-shariig systems depends, among other things, upon the quality of
‘the commaunication lines, between the terminals and the computer. Addi-
tional descriptions of computers and théir uses ave given in annex I,

, S A coiv{tp"urzn JOB | _
26. The functions of software can be illustrated by examining

" _':'how a computer processes a job submitted to it in the batch mode.

For purposes of discussion it will be assumed that the preblem is to be
read. into the computer from cards. For a typical operating system the

-deck might haVethefOHOng structure: .

18
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PRINCIPAL CONCLUSIONS AND RECOMMENDATIONS

29. From the information provided in response to the Secretary-
General’s questionnaire and from the analysis in this report, a number
otprm.:ipalconclnsaonsandreeommendatmnsmaybedrawn. These
will mqmre appropriate action by Governments in both the developed

countries, by the United Nations and organizations in
the Umted Nations family, by national and international organizations
ane institutes, by industry both public and private and by national and
in’ernational professional and user organizations in the field of com-
puter science and technology and in related areas.

Conclusion I:

Education and training for the application of computers to ac-
celerate the process of economic and social development must receive
first priority.

Therefore, it is recommended that, in the developing countries:

Recommendation 1—Appropriate centres at the national and regional levels be
established or strengthened;

Recommendation 2—Education and training be supported at all levels, ranging
through operators, programmers, computer scientists, com-
puter systems analysts, managers and policy-makers as well
as the general public;

Recommendation 3—Means be found for creating materials and developing

techniques for teaching the effective use of computers acd
these efforts be encouraged;

Recommendation 4-—Better means for exchange of technical information be
established.

Conclusion II:

Each developing country needs a broad national policy, consistent
with its national goals, on the application of computer technology.
Therefore, it is recommended that each developing country:

Recommendation S5—Formulate a plan containing realistic goals, listed in order

of priority, so -that orderly short—term and long-term de-
velopment may take place; _

Recommendatzon 6—Allocate sufficient resources to implement such a plan ~ -
7 -+
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Conclusion I1I;

International co-operation needs to be increased in activities relat-
ing to the application of computer technology to development.

‘Therefore:

Recommendation 7—The Secretary-General belicves that the General Assembly
may wish to consider the proposal made by the Ad Hoc
Panel of Experts and supported by the ACAST Working
Group for the establishment of an international advisory
board on the application of computer technology fo: de-
velopment whick could report annually to the Secretary-
General who would transmit the report to the Economic
and Social Council and the General Assembly. Two broad
types of function might be envisaged for such a board:

(a) To promote the application of computer technology
for development through international co-operative ef-
forts in association with the United Nations family
of organizations;

(b) To provide, upon request, independent and objective
advice to assist developing countries in their decisions

on the use of computer technology for their develop-
ment;

It is also recommended that:

Recommendation 8—Governments of developing countries be encouraged to
request the assistance of appropriate organizations in the
United Nations family in connexion with efforts related
to Recommendations 1-5;

Recommendation 9—Organizations and institutions in developed countries be
encouraged to establish “twinning” relationships with or-
ganizations in the developing countries and that United
Nations programmes support such action;

Recorsmendation 10—-The United Nations family of organizations call more
fully on the international professional organizations in their
technical assistance and information dissemination activi-
ties; T

Recommendation 11—-Efforts by user groups, manufacturers and the professional
community to enhance the compatibility of both hardware
and software be encouraged.

Conclusion IV :

Computer technology will increase in importance in the developing
countries during the Second United Nations Development Decade and
its diffusion and’sound ‘application can make a significant contribution

» in accelerating the rate of their economic and social development. '

30.: ‘Therefore, it is important that in-the .developing countries:

;- (a)-"The analysis. -and - systematization - that: occur when .com-
puterization takes place ‘be’ recognized -initself as a inost significant
. contribution to improving management decision-making and resource
‘ i’ﬁocaﬁon; e trpgpy aberral oan anioe e s e E ; : FUE A




A
(b) Attention be given to the need to improve the quality of col-
lected data;

(¢) The commonality of computer techniques in many disciplines
be recognized;

(d) The benefits of purchase versus rental of computer equipment
be carefully studied (In some developing countries, a national leasing
company may be appropriate, while in other parts of the world a re-
gional approach to the lease/purchase problem may be desirable.);

(e) Trade barriers including customs regulations impeding the
international movement of equipment, magnetic tapes and cards be
inimized; )
(f) Exchange of software and data under appropriate conditions
of protection be facilitated and encouraged.
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I. COMPUTERS IN DEVELOPING COUNTRIES

31. Technology has an essential role to play in reducing the
disparities that exist between the developing and the developed countries.
Computers are especially important in this context, because so many
computer applications have a direct bearing on some of the main facets
of the development process and reflect certain aspects of the technology
that has facilitated the grow*h of the economically advanced countries.

- Development and transfer of technology

32. Technology is the knowledge of the industrial arts; a tech-
nological change is any change which affects a product or the process
of producing it. In February 1963, as a result of the Economic and
Social Council’s recognition of the crucial role of science and technology
in development, the United Nations convened a major conference on
the application of science and technology for the benefit of less developed
areas.? Many of the arguments and .conclusions of that conference are
relevant to this report. Certain general topics discussed there, such as
education and training, methods of achieving international co-operation,
organization and planning for development, and specific points such
as the desirability of installing older equipment in the less developed
countries are important in the context of computer technology. It is not
suzprising that the precepts which hold for the transfer of technology in
general also hold for computer technology in particular; this theme
will recur many times in the present report. Since 1963, individual
economists and organizations for studying the economies.of countries
have continued to focus attention on technology, technological change
and technological forecasting.? Technology is not the only key to
reducing the disparities between the developing and the developed
countries,* but technological progress is essential.

Computers and technology

33. Although in many respects the transfer of computer tech-
nology is like the transfer of any other technology, computers have a

2 Science _and Technology for Development (United Nations publication,
Sales No.: 63.1.21-28). A summary of this conference was presented in the Report
of the Secretary-General to the United Nations Economic and Social Council at
its twenty-sixth session.

8 See B. Mansfield, Economics of Technical Change (New York, W. W.
Norton, 1968); Organisation for Economic Co-operation and Development, Gaps
in Technology: Electronic Computers (Paris, OECD publications 1969) and E.
Jantsch, Technological Forecasting (Paris, OECD publications, 1967).

4 International Bank for Reconstruction and Development, Partners in De-
velopment: Report of the Commission on International Development (New York,
Praeger, 1969)-—emphasizes the urgent measures which will also have to be taken
with regard to aid, education, research, trade and popuiation control.

13 | .



special position. They are the result of one of the most remarkable
growths the world has ever witnessed. It is just two decades since the
very first electronic computers began to operate, and yet in this short
span there have been three full generations of machine evolution.
Computers were first used for science and research, and then were
rapidly adapted to business and government administration. Today
they are used everywhere; in the physical, social and life sciences, in
engineering and manufacturing and in the private and public sectors.

34. Perhaps the most important aspect of computers is that in
the course of introducing them to carry out a task, people are brought
to reassess the whole way in which the task should be done. In fact,
computers often lead to a re-evaluaticn of why the task is being done.
This examination of ends and means is fully as important as the
introduction of the computer itself. The world has come to recognize
that computers can in themselves be one of the principal instruments
for the transfer of technology.

35. Significant as the penetration of computers into industry and
technology has already been in North America and in Europe, there
is no sign of slowdown in the installation of new equipment or in the
widening of the range of applications. But in developing countries, as
with all too many aspects of technology, computer use is still slight.

36. Even where computers have been introduced there is often
underutilization of the equipment because, for example, there are not
enough people with training and experience to apply the new methods.
Concerted action for the transfer of computer technology to developing
countries is of top priority.

Current installations of computers in developing countries

37. One of the purposes of the questionnaire circulated by the
Secretary-General to Governments of Member States was to obtain an
idea of the number of computers in developing countries, and their
use. Altogether fifty-one countries replied to the questionnaire (see
annex V): ten in the Americas, seventeen in Europe, twelve in Africa
and twelve in Asia and the Far East. As noted by the ACAST Working
Group (annex II, para. 18 (¢)), this large number of replies demon-
strates the importance that Member States attach to computer tech-
nology. However, the data provided in the questionnaire replies were
not adequate nor were the answers sufficiently detailed to give a repre-
sentative or clear description of the extent to which computers are in-
stalled or being used in developing countries. Although some conclusions
may be drawn from the available data, much more information on com-

puter installations and applications in the developing countries will be

needed if a detailed and meaningful picture of the results and needs for
the use of electronic computers in accelerating the process of economic
and social development is to be achieved. The ACAST Working

* Group (annex fI, para. 18 (b)) supported this view as well as noting

the need for more information. Detailed and periodic surveys of the
. : 14






computer industry and technology in the industrially advanced coun-
tries are available, but the results of these are not applicable to the
developing countries.

38. Of the Governments that responded to the Secretary-General’s
questionnaire, three indicated that they had no computers, five that
there was one computer in their country and ecight that there was
more than one computer, while the others did not provide aggregate
numbers. Occasionally the distribution of computers between the public
and the private sector was given: table 1 lisis these figures. By way
of comparison with the developed countries, in 1969 Canada had 259
computers in the publicssector and 1,669 in the private sector; Japan
had 154 and 5,447, respectively.

TABLE 1. SOME EXAMPLES OF DISTRIBUTION OF COMPUTERS IN THE PUBLIC AND
PRIVATE SECTORS IN DEVELOPING COUNTRIES, 1969

Couniry Public sector Private sector Total
India ......... ..., 69 42 111
Chile ......................... 18 15 33
Nigeria ....................... 7 3 10
Trinidad and Tobago ............ 7 7 14
IraQ ........ ... 1 5 6
Thailand ...................... 6 7 13
Republic of Korea .............. 10 4 14

SouRrcE: Information based on replies of Governments of Member States to
the Secretary-General’s questionnaire.

_ Applications of compuiters in developing countries

39. The broad range of computer applications which are im-
portant to social and economic development are outlined in annex I,
paragraphs 26 to 70. Briefly, these cover the following major activities,
within which many subordinate activities can be identified: (a) govern-
ment planning and administration; (b) collection of statistics on pro-
duction and resources; (¢) management of national industries; (d)
public health administration; (e) preparation of economic indices; (f)
education and research; (g) demographic tabulation, analysis, pro-
jection.

40. It is apparent that all these are potentially of interest to de-
veloping countries. According to the incomplete information given in
the replies of Governments of Member States to the Secretary-General’s
questionnaire, the applications most commonly found in developing
countries are to demography, censuses, and governmient administration
and accounting. Fifty-four different areas of application, not all distinct,

15 1
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were mentioned by sixteen of the countries. The following areas were
mentioned with the indicated frequencies:

Statistical computations ............ ...ttt 10
Transportation .........c..coiiieeeeeeenonnaaneanceans 8
Research computationS . ...........c.oceeeeeeecnnecnns 7
ACCOUNLINE . ..o vvvrvrnoacecscesenceneeeeensnnnas 6

Financial computations

41. These applications are similar to those first made when com-
puters were introduced into the public sector in the industrially advanced
countries. Usually they are automatic data processing (ADP) versions
of government tasks which are of major importance. Sometimes the
conversion to ADP is undertaken early because it is justifiable and may
be readily implemented, for example, where there are good programs
available from the manufacturer, people with considerable experience
in the application or data in a form easily made machine-readable.
Although the simplest applications are not necessarily the best ones to
convert to ADP first, they do provide an opportunity for a country
to obtain experience.

42. With regard to the ways in which computers are actually
used in developing countries, it is possible to point to cases where the
approach is as sophisticated and the results 'as striking as any that can
be found in an industrialized country. In general, however, determining
where computers can be used to maximum effect in developing coun-
tries is a matter of great difficulty and great importance. It depends
in part on which sector of the economy it is desirable to emphasize,
on national priorities and on the political, social and economic impli-
cations of the resuits. It also depends on certain preconditions, the
most important of which is the presence of experienced people. An
analysis of the replics to the Secretary-General’s questionnaire reveals
that the clearest need in the developing countries is for training and
education in the field of computers, so that applications important to
development can be undertaken. This need is exposed in almost every
one of the replies received from the developing countries. In section
II of the present report the types of training and education which
are needed are considered in detail. Aftrr education and training, the
need for better access to computing facilities was emphasized. The types
of facilities and services which are required in the developing countries
are examined in section III.

43. Additional needs include the existence of good data bases
and information systems as outlined in annex I, paragraphs 30 to 37.
These systems do not necessarily have to be computer-based, but they
must be reliable. Simultaneously, it is necessary to develop related
disciplines where computers are used—in management science, statistics
and operational research for example. These prerequisites and priorities
are discussed in greater detail in section VIIL.
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II. EDUCATION AND TRAINING FOR COMPUTER
TECHNOLOGY

44. The scale of development described in the previous section
demands education and training at various levels, ranging through that
of the policy-maker, the manager of the computer centre and the
specialist. Above all there must be people at the highest level of gov-
ernment who understand the possibilities and limitations of computers
for development and can make decisions concerning them.®

Education of decision-makers, managers and computer systems
analysts

45. Those who make decisions about the allocation of resources
in developing countries are usually sensitive to the political, economic
and cultural forces at work within their country and knowledgeable
about a whole range of management techniques. It is essential to make
those responsible for planning and decision-making aware of the sound,
economic possibilities of the computer. Decision-makers are usually
overworked; they must nevertheless be encouraged to learn what can
be done with a computing system by attending orientation seminars,
visiting computer centres, and generally keceping abreast of develop-
ments in this field. Otherwise they will be subject to the pressures of
local computer salesmen who paint optimistic pictures of what com-
puters can do and fail to tell of the pitfalls and deficiencies. Con-
sequently the costs for setting up a computer operation often turn out
to be substantially greater than anticipated and more time is needed
for the installation tc become productive. Another source of infor-
mation for the decision-maker is a counterpart in a neighbouring
country with whom to compare decisions. This is not always success-
ful as mistakes as well as successful moves may be imitated. In the
parts of the world where seminars and courses designed for decision-
makers are ot available, the United Naiions family of organizations
or its agencies have an important task in filling this need.

46. Management tr-ining programmes include courses on eco-
nomics, labour-management relations, operations research and systems
analysis. Computer systems analysts are concerned with the structure
and mechanism of organizations. A basic method in computer systems
analysis is to identify the type and nature of information needed by an
organization, the origin and recipient of the information, the respon-
sibilities of, and action to be taken by, the recipient of the information
and the channels to be used in the flow of information.

5 See also the comment of the ACAST Working Group iz annex II, para-
graph 18 (aq) and (b).
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47. Since computers are so important in modern information
systems, training programmes for both managers and systems analysts
should include the opportunity of actually working for a time in a
computer centre, as well as attending basic courses on such subjects
- as flow charting, data preparation, file management and report genera-
tion. Of particular interest is the increasing use of computer-based
management games where students are introduced to a computer simula-
tion which requires them to compete against others in making decisions
and allocating resources. These subjects are being incorporated into
the curricula of the management and business data processing courses
offered in the industrially advanced countries and the need for them
has been clearly recognized in courses offered by the United Nations
family of organizations in the developing countries (see section IV).
One problem is that unless managers have attended thase courses
before their computers are installed, the latter will probably be under-
utilized for a time; on the other hand, the presence of computers is
necessary for the courses to be effective.

Training of automatic data processing (ADP) managers and
supervisors

48. An ADP manager must understand his computing system
and deal with employees, users and vendors of equipment. The only
adequate training for the job is years of experience in a computing
centre.

49. An experienced manager for a computer centre is hard to
find, especially for a developing country acquiring its first computer.
The most competent person available should be selected and sent to
an appropriate centre to complete his training ever. before the decision
to install a computer is made. Since in practice this seldom happens,
the country is often obliged to seek managerial help through a tech-
nical assistance programme.

Training of systems programmers and applications programmer::

50. Computing systems depend on software related to operating
systems, user languages and translators, library programmes and pro-
grammies for special tasks. The system programmer must understand
how these components fit together: how to use languages and sub-
systems, correct errors which may be present in a system which has
been long in use, install new software capabilities provided by the
manufacturer and be able to tell users how to bring their programmes
up to date. He must also advise the director of the computer installa-
tion about the purchase of equipment and software. Few formal courses
for training systems programmers have been developed and so far
there has been no alternative to having a trainee spend at least a year
in a well run computer centre working with experienced people. If
possible he should first have spent one or two years as an applications
programmer, and should continue his training through participation in
18-
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on a computer. The applications programmer may be requested to
design file systems. He frequently finds himself doing the whole system
design. According to the area in which he is working he will find
different Programming languages such as Fortran, Cobol, Algol or
Teport generating languages, more suitable than others.

52. An applications Programmer needs to be highly trained in
his own field; instead of a professional programmer being trained to
become an applications programmer, it is preferable for the professional
in some particular discipline to be given training in Programming and

of this method of training should be recognized. Until the person
involved becomes proficient in Programming, he should be encouraged
to review the systems he designs with those who have had extensive
experience. This is especially important wher creating systems with
large data bases, since these are difficult to change once they come

Training of engineers, technicians and operators

ground should be in electrical engineering, mechanical engineering,
logical design and communications, and the usual practice is to start
with graduates from engineering or technical schools in these areas and

to have maintenance supplied by the manufacturer.
54. The choice 'of,continuing contract mainten: nce or undertaking

it locally depends on many factors and there is no obviously best deci-
sion for all countries. The arguments for taking over maintenance
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are: (a) the foreign exchange advantage; (b) the forced development
of an electronic engincering capability; (c) the establishment of a solid
base for future development in computer technology. Romania, for
has choeen this course. They have established a national
to carry out this function for all computers in the country.

355. The disadvantages of undertaking maintenance locally are:
thceoudmaintnininganadequatesnpplyofspareparts; (b)
thoneedforimponlimtoobtainpansandtheforeignexchange
involved; (c) the problems of training maintenance staff;
(d) the difficultiecs of acquiring information about current diagnostic
used by the vendor; (e) access to information about

expected failures and failure characteristics of the equipment.

36. Those working with computers for process control and other

techniques will also require an engineering or technical back-

preferably in the field of engineering in which the computer is

power or mechanical engineering, for example.

l-luedaominingpuogrammashouldbearranged ith the manu-

facturen,mpplmtedbyminingatinstanaﬁonswheteequipmentis
being used for similar purposes.

37. Trainees learning to operate computers do not need an
cxtensive education; they need practical experience in working with
computers. In addition to operators, people are needed for data handling
and supervision, and for handling files in both machine-readable and
conventional forms. A country must have an installed computer to train
such workers locally. However, if there are computer facilities in the
region it should be possible to send people to them for on-the-job
training. The alternative is to depend vpon the manufacturer who
offers training programmes using his hardware. Eventually such training
will probably be given in technical schools. Frequently computer
activity in a developing country starts with a commercial installation.

there are difficulties—private companies are sometimes re-
luctant to have outsiders using their computers—a developing country
should explore the possibilitics of training on such computers. Con-
sideration might also be given by private companies in the developing
countrics, wherever circumstances are appropriate, to the idea of
offering their facilitics for these purposes.

\

(a)

|

Curricula and professional evaluation

358. Bven in the industrially advanced countries most universities
have not provided the professional training for the tasks outlined
above. University programmes in computer science concentrate on the
mathematical and theorical aspects of computers required for research,

numerical analysis, automata theory, the theory of formal
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by the professional societies and, to an increasing degree, in junior
colleges and schools. Those universities in developing countries that
are building up educational programmes in computing should realize
that courses in management science, data processing and systems pro-
gramming are highly relevant to the needs of the country.

59. One result of teaching these more applied subjects outside
the traditional academic disciplines is that formal curricula, teaching
materials and well recognized methods of professional evaluation have
been slow to evolve. Efforts towards this are now taking place and the
United Nations family of organizations can make a valuable contri-
bution to them. Developing countries and their universities need en-
couragement and support for their recognition of the new technical and
professional categories which are being established. In this way young
people in the developing countries would be drawn to enter careers in
these important fields.

Education and training abroad

60. For many years developing countries have been sending their
best students and professional people in the field of computer tech-
nology abroad for specialized education and training. Some go to
universities, some to governmental agencies and some obtain experience
in the private sector. Problems can arise with regard to training
abroad. The typical student who is away for one or two years may
lose touch with the conditions in his home country and may have
difficulty working with or acquiring the confidence of his fellow na-
tionals upon return. There may be a lack of trust if he has been in a
foreign political environment, or simply an estrangement due to the
existence of different viewpoints. Although it is difficult to plan far
enough ahcad, it is helpful if the countny has well formulated plans and
programmes for these students when they return home. In all cases
follow-up work should be done with tegard to the person who has
received training abroad, to evaluate 't‘he programme in which he
participated and derive the maximum bdpefit from his experience.

61. An additional difficulty connected with education abroad is
the “brain drain”, with the attendant loss to a country if the student
elects not to return because of opportunities offered him in the foreign
country. It has been reported recently® that in the United States for
every three engineers who have graduated from United States schools
a fourth is provided by immigration. Of those from abroad, one in
ten comes from India, one in four from other countries of the Far East
and forty per cent from western Europe.

62. Where there are national or regional centres to provide
training and practical experience, the student is never far from his
home environment and many of the problems described above are not
present or may be minimized.

6 See Engineer (hlarch-April 1970), p. 10. See also report of the United
States National Science Foundation entitled American Science Manpower, 1968
(Washington, D.C., December 1969), document No. NSF 69-38.
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63. Although there may be regions where it is necessary to
create new centres, most couritries have existing institutions—univer-
sities, technical schools and goverameat-supported facilities—which
could undertake either naticnal or regional programmes. In some
cases it will be necessary to install or upgrade the computing facilities,
but it will usually be preferable to build on an existing structure than
to create a new one whiclh may be isolated from the other teaching
and operational activities to which it should relate. For this reason it
is proposed that the technical assistance programmes described in the
next two sections be concentrated, in the main, in existing national
and regional insiitutions.

Educational consultants

64. Another approach to education in the field of computers has
been tc invite outstanding professional people to set up and participate
in educational programmes in the developing nations. An example is the
development of the Indian Institute of Technology at Kanpur in India,
where from twenty to twenty-five American visitors (each serving terms
of from one to two years) constantly augmented the faculty during the
first decade of its development. This kind of programme is not without
its problems. Professional persons find it difficult to be away from their
work for more than one year, and one year is hardly enough to
establish a continuing programme. Nevertheless, many university faculty
members have participated, because this type of programme can be
co-ordinated with sabbatical leave. In some cases, visits of short periods
have been successful but all too often the activity dies out and the
value of the visit is lost. It has been suggested that the first visit should
last at least a year and be followed by several short visits to sustain
activities.

65. In order to obtain consultants in fields such as data processing,
where people are not usually available from a university under a sab-
batical leave arrangement, it may be necessary to employ professional
consulting firms. When an expert goes to a developing country as
an individual, he may be at a disadvantage with regard to his pro-
fessional career on his return. Bu