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5

I. INTRODUCTION

A, Origins of %!~ Conference

1. When the General A~sembly of the United Nations designated the period 1961
$0 1970 as the First United Nations Development Decade, it was alrecady clear that
sciencve and technology were not fuifllling the expectation of providing the less
developed couniries with the m=ans whareby they could na:.cow the development

gap between the advoncad countries and themselves and aitain over—2ll socio—
economic improvement. Neither aid channelled through direct arcangements betiween
Goveruments nor marvkei-orientoed private investment had subctantially improved the
condition of the privete individual in those countries. he specialized agencies
of the United Netiones, reinforced by the technical assisiance programmes and the
Uni<ed Nations Devalopment Programme, could cite creditable achieveuents and
promising examples. They had established their regional anc fizld office cystems
ang, within the meanc available to then, were responding to vequests from
Governments and ercouraging regional co—operation and interagercy collaboration.

2- Those agencies, however, while performing the functions assigned to them in
th=zir charters, did noi encompass the entire ranga of . possible applications of
science and technology %~ development., In 1961 the Economic and Sociel. Council,
acting on & proposal of the United Wations Scientific Advisory Committece, decided

to convene a United Nations Conference on the Applicatinon of &-lence ond Technology
Tor the Benefit of tha Lese Deavelopud areas; as an "internationz) tochnical con-
forence of Governmentst®. ther scientific ccnfercnces urndar United Mations auspices
had preceded that endeavcur, notably one on new sources of eneipgy in 1661, two

vhich wores convened to dissuse the peaceful uses of atomic encrgy in 1955 and 1958,
and, as early as 1948; ‘he United Kations Scientific Corference on the Conservation
and Ufilization of Recourcen. There was also a survey of current trends in ]
scientific retcevoch which was undertalzen under the auspices of the Unitved Nations
and UNESCO in the years 7958 to 1950,

onceived ini.relly a2s a2 means of expioring the arniicauwiong of recont advorces
cnce and “echnology. the United Natiocns Cornference on the Application of

Science and Tecunclogy for the Benefit of the Less Developcd Lrczs, which was

convencd at Geneva in 1963, found itszif confronteld with the wueh wider aud npove

fundumenial problem of eusuring that sciencs and tcehology made their proper

coniribution to development. Ir essence the Confersnca sirengihcrned the belief

that the socio—economic drecclonrent of the ggislepin, couniries could be accelerated

through the effeciivs epplicasion of science and technoiogy. There also emerged

the conviction that the Conference -should lead to positivre astion on a s<ale

commensurate witn the objcctives of the Develovment. Deesde.

3.

~
o
in sci

4

4, To achieve such pocitive action, it was felil in some quarters that a new
spacialized agency would nsed to be established. The Uniled Naulors, however,
decided that the task was one to be shared among thu exisiing hodies of its family,
on conéition that their efforts in science and technology werc intensified and
properly co—ordinated. Accordingly, in 1964 the Ecoromic and Social Council
established the Advisory Ccmmittee on the Application of Science and Technology to
Development to give the application of science ané iecinology ncw and greater
impetus in the programmes and aciivities of zll appropriate United KNalions bodies
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and to promote the effective co—ordination of their efforts in that field. The
Advigory Committee was also required to keep under review progress in the applica-—
tion of science and technology to develop.ent and to propose practical measures
for such application for the benefit of the developing countries.

5e Apart from its annual reports to the Economic and Social Council and reports
on specific subjects such as protein deficiency, natural resources and science
education, the Advisory Committee produced the World Plan of Action for the
Application of Science and Technology to Development, a major work and an integral
part of the Strategy for the Second United Nations Development Decade. The World
Plan is primarily 2 generalized statement of priorities and principles for
introducing indusiries and technical services into less developed countries. But
it has so far been lying on the shelf, no more than a blueprint without the formula
needed to begin action, because it was not backed by the necessary political will
either nationally or internationally.

6. As the Decade progressed, it was found that the Advisory Committee, although
attracting commetent and experienced members, lacked the necessary coupling with
the policy-making process. Therefore, in 1971 the Economic and Social Council

took a further step towards reinforcing the central machinery of the United Nations
for science and techanology by establishing an Intergovernmental Committee on
Science and Technology for Development. This took account of the advantages which
a body consisting of representatives of Governments might have in seeing that

their recommendations were implemented at the national level. The Council however
retained the Advisory Committee, recognizing that it could give essential technical
advice On programme priorities and feasibility. The Advisory Committee has the
additional responsibility of furnishing expertise to the intergovernmental body.

T At the end of the First United Nations Development Decade, the General
Assembly noted the need tor increased international co—operation in bringing the
benefits of science and technology to all peoples of the world and adopted
resolution 2658 (XXV), in which the Secre*ary-General was requested to prepare a
study which would evaluate the main implications of modern science and technology,
particularly for development, and appraise the results achieved by the United
Mations system in promoting science and itechnology and their application to
development since the 1963 Conference on the Application of Science and Technology
for the Benefit of the Less Developed Areas. He was also requested to suggest
ways and means of implementing various recommendations made, practical ways and
means of strengthening international co-operation in the new applications of
science and technology in the economic and social fields, and additional forms

of international action within the framework of the United Wations system, to
ensure that scientific and technical achievements were more effectively applied,
particularly in the developing countries.

8. In his report, the Secretary—-General expressed the view that the 1963 Con-—
ference had not been followed by the action needed and that, while it had created
awareness of the importance of science and technology in the process of develop—
ment, it had given insufficient indication of the measures needed to translate
that awareness into action by liember States. The report recommeaded that the
Committee on Science and Technology for Develepment should give serious thought
to the question of generating the necessary political will and action, congider
the merits of another international conference on science and technology to focus
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on policies and practical courses of action at the national and international
levels and not only deal with new dimensions and-new opportunities with
relevance to the problems of development but also illustrat +*he new modes of
1nternat10na1 relatlons.

Qe Subsequently, the General Assembly and the Economic and Social Council took
various measures to promote the convening of a United Nations conference on
science and technology. In 1974, the Economic and Social Couacil emphasized the
necesgity for such a conference, and recognized that the new needs in the field

of science and technology made it imperative for the United Na%ioaz o oxpand
international co—operation in that field on the basis of principles designed to
adjust the scientific and technological relationships among States in a manner
compatible with the special requireménts and interests of developing countries. 1/
In 1975 the Council convened an ‘intergovernmental working group of the Committee
on Seience and Technology for Development to examine the specific objectives,
topics and agenda of a poséible United Nations conference on science and techno-
logy: on the basis-of the recommendations of the Advisory Committee on the
Application of Science and Technology to Developmert,: the UNCTAD Intergovern—
mental Group on Transfer and Technology, the regional commissions and other:
relevant United Nations bodies. In September 1975, the General Assembly adopted
a resolution on ‘development and international economic co-operation in which:it
recommended that a United Nations Conference on Science and Technology for
Develbopment should be held with the main objectives of strengthening the techno-
logical capacity of developing countries to enable them to apply science and
technology to their own development; adopting effective means for the utilization .
of scientific and technological potentials in the solution of development problems
of regional and global significance, especially for the tcnefit of developing
countries; and providing instruments of co—operation to developing ceuntries in
the utilization of science and technology for solving socio--economic problems that
cannot be solved by individual action, in accordance with natioral priorities,
taking into account the recommendations made by the Intergovernmental Working
Group of the Committee on Science and Technology for Develo;nent, 2/

10 In 1976, at its third session, the Committee on Science and Technology for
Development, after considering the report of its Intergovernmental Worklng Group,
stressed that the Conference should be oriented towards practical acticn and
should be attended by national policy and decision makers, accompanied by their
scientific advisers. The preparatory period was visuvalized 2s ¢ process involving
all countries and regions with the greatest possible participation <« v.levaant
governmental and non—-governmental organizations as well as members of the
scientific community so as to promote widespread appre01at10n of the role of
science and technology among developing countries, A panel of experts convened
by the Secretary-General pointed out that the need was not for a science fair for
scientists, but for a launching platform for joint efforts for develorment which
would integrate the policy-makers, decision-takers, development agencies and
tcchiology users with thy  scientists and technologistas., The commitice approved
a draft resolution on the Conference which was subseyuently adopted by the Economic

l/ Beconomic and Social Council resélution 1807 (XVII)Q

g/ General Assembly resolution 3362 (S—VII), chap. II1, para. 7.
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and Social Council in August 1976 [resolution 2028 (LXI)/. The General Assembly,
at its thirty-first session, acting upon a recommendation of the Economic and
Social Council, decided to convene the United Nations Conferance on Science and
Technology for Development during 1979 in time for the Assembly to take action
at its thirty-fourth session in the light of the results of the Conference, }/
The main objectives recommended for the Conference were as follows.

(a) To adopt concrete decisions -on ways and means of applying science and
technology in establishing a new international economic order, as a strategy
aimed at economic and social development w1th1n a time frame; :

(2) To strengthen the technological capacity of developing countries so as
to enable them to apply science and technology to their own development;

(g) To adopt effective means for the utilization of scientific and
technological potentlalsin the solution of problems of development of national,
regional and global significance, especially for the benefit of developlng
countries; o

(g) To provide instruments of co~operetion to developing countries in the
utilization of science and technology for solving socio~economic problems that
connot be solved by individual action, in accordance with national priorities, 4/

11. The General Assembly also proposed an agenda for the Conference and various
measures to be taken during the preparatory period.

B. The African scene

12,  The African region accounts for between a quarter and a fifth of the world's
land surface, Its climate is mediterranean in the extreme north and northwwest,'
temperate in the extreme south and on the plateaux and tropical in between, :
covering some of the hottest and most humid areas of the world.

13. -Of the total land area of 30,310,000 square kilometres, arable land, ineluding
land under permanent crops, makes up 7 per cent, permanent meadows and pastures
26 per cent, forests and woodlands 21 per cent, and other land 46 per cent. : Thus:
only about 50 per cent of the land areas of Africa has been- class1fled as arable,
permanent meadows and pastures and forest and woodland. . EE S '

14. The population of the continent increased from about 270 million in: 1960 to°
about 410 million in 1975, reflecting an average annual rate of growth approaching
3 per cent, the highest in the world. The region's population, which is expected '
to -iricrease to 470 million in 1980 and 550 million in 1985, is still characterized
by relatively low density and wide dispersal of concentrations. Thus, of:the ' "

;/ General Assembly resolution 31/184, para. 2.

4/ Tconomic and Social Council resolution 2028 (LXI), para. 2.
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49 independent African countries, 30 have estimated p0pulat10ns of 5 million or
less, nine pcpulations of between 5 million and 10 million, eight populations of
between 10 million and 30 million and only two\more than 30 million. The
population density ranges from 1 to about 470 persons per square kilometre if
total land surface is considered, and between 25 and about 1,200 persons per
square kilometre of arable land. '

15. Africa possesses vast mineral resources which make it one of the richest
regions in the world. The continent accounts for 96 per cent of the world's
diamond deposits, 90 per cent of the world's chromium, about 50 per cent of its
cobalt, 10 per cent of its iron ore, 55 per cent of its manganese, 40 per cent
of its bauxite, 20 per cent of its copper, 50 per cent of its phosphate rock,

30 per cent of its thorium and uranium and about 50 per cent of its gold. 1In
terms of output, Africa produces about 26 per cent of the world's cobalt ore, 81
per cent of its gold, 74 per cent of its: diamonds, 26 per cent of its phosphate
rock, 19 per cent of its copper ore. and about T per cent of its iron ore. Hence
it can be claimed that for many years to come the development of many African
countries will continue to depend on the resources of their soil, although such

" development cannot be achieved without the application of science and technology

on a large scalee.

16. Africa is also rich in energy resources although, as in the case of mineral
resources, they have yet to be developed., To date only about 10 African countries
are crude oil producers, but the continuing search for hydrocarbon deposits on the
continent may lead to the discovery of crude oil in more countries. Africa is
also rich in such energy resources as coal, solar energy, geothermal energy,
hydroelectric power and the Tesources for nuclear energy. It is estimated that
Africa has about 1.3 per cent of total world reserves of coal, and 27 — 40 per
cent of the world's total hydroelectric power potential.

17« Table 1 reflects comparative cconomic data of selected African cowrtriss, and
from this table it becomes clear why the African region is recognized as the feast
developed of the regions of the world. Of the 29 internationally recognized least
developed countries, 18 are in Africa; of the 45 countries identified as the most
seriously affected by the economic crisis of the early 1970s, 28 are in Africa.
Both the list of least developed countries and that of the most seriously affected
economically contain all the Sudano—Sahelian countries affected by the scourge of
drought in the early 1970s. Similarly, of the 20 internationally recognized
developing land-locked countries, 14 are in Africa. This.list does not include
the geographically disadvantaged island economiss, of which Africa has a sizable
share. It is thus clear that economic co—operation in its wider sense is an
imperative for African countries.

18+ While the distribution of natural and human resources may be uneven, there

is no doubt that the continent is richly endowed with both, Yet their cxzploitation,
as reflected in the output of goods and services, leaves no doubt about the low
level and slow rate of socio—economic growth and development. Wotwithstanding
deliberate efforts over the past three decades to achieve rapid transformation

of the African economies and to improve 11v1ng standards, the income and

technology gaps between the developed countries and African countries have not
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narrowed but widened. The existing economic situation in which Africa finds
itself, and its international role‘&s a’ primary supplier of rQWImaterlals and a
consumer of manufactured goods and imported: technology, maie -socio-eoconomic
transformation rather difficult in view of its basic weak position and lack of "
capabilities. African countries therefore see in the Conference on Science and
Technology for Development a major means for bringing about & new international
economic order and changing from a weak and dependent. position to an economically
and technologically self-reliant one.

1« In search of indigenous capabilities C .

19.. At the root of Africa's economic and technological backwardness are not so
much limited financial resources but rather limited capabilities, technical and
managerial know-how, ownership of patents and control over inventions, the capabi- .
1lity to-develop suitable technologies and to comprehend, negotiate, transfer, .
adapt and apply foreigm. technologies. To live mp to the challenge of the efforts
to establish a new international economic order and take full advantage of its
opportunities, Africa must first dcquire and develop the basic’ cepab111t1es needed : -
for effective partlelpat1on in the new order, » S

20, Hence, as far as African countries are concerned, the purpose of a conference
on science and technology for deve10pment should be to enable the continent to:

. (a) Evolve national development policies with full recogn1t1on of science
and technology as the sinews of development strategy, <

(b) Evolve needs—orlented educat1on'and tra1n1ng systems in which science
and technology have pride of place at all levels, not only in'terms of educationdl
content and structure but also in resource’allocation and use;

(c) Develop national, multinational and regional institutional infrastructure
for the effeotiv~ localization of a oapability for technolcgy developnent, transfer
and adaptation in Africancountries, for ‘aximum 1mpact 1n agrlcultural, 1ndustr1al
and soclo—economlc developnent; ;

(d) Benefit from global and Un1ted Natlons-sponsored schemes, in which the
developed countries made decisive contributions for assisting the continent to
attain the afore-mentioned goals within a time frame. _
21, Technology cannot become nationalized in Africa on'the basis of negotiated
- patents and technical co—operation :exXperts. These are only short-lived palliatives.
What is needed is to ensure the permanent acquisition 'of skills and knowledge in
technology development, adaptation and application by the people of Africa, and
the setting up of institutions to carry out technological research and traln
present and future generatlons on a cont1nu1ng basls. B SR

22. Technological educat1on and training should be de51gned to bring about the
technological trensformetion of produdtion processes arnd supporting infrastructure.
Simultaneously, industrial production should provide -for the mass production local-
ly of science and technology teaching equipment and aids so as' to ensure an appro-
priate science and technology orientation through all the levels of the educational
system,
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2. The transfer of technology

23+ The key issues 1nvolved here are, first, that technological knowledge is not
freely available to developing countries except on terms which are often extremely
burdensome; second, the element of dependence; and third, the relatively weak
technological capacltles of African countries. - -Some actlon at the international
level in respect of technology transfer and development has been taken within
UNCTAD, where a code of conduct is being elaborated for: the Negotiating Conference
sn *the Transfer of Technology in. 1978, WIPO is also preparlng for a revision of
the Paris Convention for the Protection of Intellectual Property. Such a revision
will be of particular importance since it will improve the ex1st1ng patent system
in the transfer of technology.

24. A significant step was taken in Africa when the meeting of African pleni-
potentiaries in November 1977 at Kaduna, Nigerla, decided to establish an African
Reglonal Centre for Technology. The Centre will have as primary obgectlves the
strengthening of the technological capabilities of African countries &o as’ to
decrease their technological dependence, the promotion of the use of -technology
suitable to African conditions and the formulation of technology pollcles and
planning as an integral part of national socio—economic development.

C. Scope and objeetives of the report

25. The problem of socio~economic development in Africa has many dimensions and
calls for a critical analysis of many issues; it requires action at the national,
regional and international levels. It would therefore be beneficial for a start
for the countries of the African region to share past and current experience in
their attempts to develop priority areas for technological development and to
see how they can, individually and collectively,develop the ability to assimilate,
adapt and inmprovisc teochnologies. This is definitely a goal of the conference
for Africa. '

26, This paper discusses the role of science and technology in development and
the present state of scientific and technological activities in the continent.,
This is necessary to enable African countries at the conference to exchange
information and ideas with other third world countries with a view to benefiting
from each other's successes and failures; to study future plans and efforts
designed to enhance their capacity to use technology effectively; and to discuss
the problems of the impact of transfer of technology on the developmernt of local
scientific -and technological capability, the cost of transfer, the appropriate-
ness of the technology transferred, policies needed to obviate adverse effects,
and so on. The paper examines the technology links c¢reated through trade and
other economic linkages within, for example, ECOWAS, 'OMVS and UDEAC. Finally it
proposes actions at national, regional and international levels to improve science
and technology capacity in African countries, and examines and suggests significant
inputs from the United Nations system to help to improve the current economic
situation and trends.
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II. THE ROLE OF SQIENCE AND TECHNOLOGY IN DEVELOPMENT

A The dynamics of socio—economio development

27. To facilitate discussion of the role of science and technology in development,
it seems appropriate to begin by stating briefly what the principal terms involved
in such a discussion mean. Development will be used here to refer to the twin
processes of growth and change, which are aimed at improving man's working and
Jiving conditions. It seems useful to give development its widest meaning, and

in this paper, therefore, its meaning will not be restricted only to oconsidera~
tions of man's material well-being, but will embrace the totality of man's welfare. -

28. Development has reached different stages sn different countries. It is

common -usage now to refer to countries in which development has advanced beyond

a certain stage as developed countries, and to all of the others as developing
countries. However, this does not mean that in developed countries development

has run its full course and come to a standstill. Nor does it mean that in
developing countries development is necessarily progressing at great speed. On -

the contrary, it is now widely accepted that in several respeots developed countries
are in fact developing faster than developing countries. :

29, The word science is used to refer to man's "organized attempt, through the
objective study of empirical phenomena, to discover how things work as causal
systems". j/ Because the primary aim of science is to infer empirically the re—
lationships between things and events in this world, and not so much to find ways
of putting the relationships so obtained to practical use, it may be —~ and often
is —~ said that science seeks to comprehend (to ®know why"s and not to invent

(to “know how").

30. The study and practice of developing practical applications of the findings
of science for the production or improvement of goods or services is here referred
to as technology. Technology practitioners use technology t> meet oonorete human
needs and wants. They do so by conceiving, designing and developing new forms of-
equipment, machines or installations which greatly amplify man's effort; increase-
the efficiency of his exertions and refine the products of his labours. The
business of technology, therefore, appears to be to "invent" and not so much to
"comprehend" :

Sla Such aharply contrasting definitions of science and technology are of course
possible only conceptually. In actual fact science and technology are so closely
interwoven that it is not possible to draw a sharp‘'line between them. Today few
scientists profess the complete lack of interest in the practical applications of
their findings implied in the definition .of science that has been given. Likewise,
few-teshnologists today are not well-versed in at least the scientific theorles
which have dlreot bearing upon their branches of technology.

"Science and technology in African development" (UNESCO document,
SC/CASTAFRICA/3), chap. I, para. 26.
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32. It is perhaps also useful to indicate the meaning of the term "research and
developmen " ("R and D"). Research denotes the search for new knowledge. Develop-
pent, on the otlcr hand, consists of the systematic use of the resulis of research
~and existing empirical knowledige directsd towards the introduction of new materials,
"broducts,_deviceé;'probessee'andimethods'—“br the improvement-of existing ones -
including the development of prototypes and pilot plants. Development comprises
the studies which need to be made to ascertain the technical, social and economlc
feasibility, usefulness, acceptability and profitability of innovations. §/

33. Development, as has already been indicated, consists of two transformative
processes: growth and change. Growth consists of an expansion of existing goods
and services and is thus a guantitative transformation. Rises in per caplta income,
in the number of . schools or hospitals per specified number of residents, in the
quantity of food available to each oonsumer ~ all of these and others like them are
instances of the growth component of development. Growth, therefore, entails doing
more of what was being done before. 1In contraat, change entails the adoption of
new ways .of doing and locking at things, and is thus a gualltative transformations
Improvement in feedirg habits towards more balanced diets, reallgnment of sochool
ourricula to meet local exigencies, introduction of novel ways of combating disease—
all of these and others like them are instances of ohange. Change, therefore, can
1nvolve the adoption of new means of realizing old aims. But it may also entail

. the substltutlon of new aims for old.

34. Growth and change are coupled one to the other and occur simultaneously.
Even when growth is apparently all that is taking plaoce, almost always some
change is bound to be occurringas a result. Likewise, wher change is meemingly
all that is happening, some growth — albeit sometimes negative — is likely to be
taking place as well., Two corollaries then follow. First, obstacles to growth
not only retard growth itself, but often also impede change as as well. Second,
barriers in the way of change not only forestall change itself, but often also
thwart growth: Events in the developing world bear testimony to this.

35. It will suffice to give tha folloving examrle. Socigl and cultural traditions
codify human values and attitudes and, in Africa especially, constitute a formida~
ble barrier against change. At the same time, it is widely recognized now that
economic growik, wiich is "a primary, if not the primary objective of most Govern—
ments in Africa”, 1/ will require extensive and intensive changes in human values
and attitudes. In the words of the programme of action adopted by the 1976 ILO
World Employment Conference, it will require, among other things, "measures aimed
at changing the pattern of growth and access to the use of productive resources
by the lowest income groups". But, as the programme of action goes on to say,
"often these measures will require a transformation of social siructures, includ-
ing an initial redistribution of assets, especially land". §/ The restructuring
of society entailsd in these measures, however, is likely to run up against
tradition, which abhors change and tends to preserve the status quo. In acting
as a.barrier to change required for economic growth, tradition thereby also acts
as & barrier to economic growth. ‘

§/' Ibid., pare. 28
7/ 1Ibid., para. 112.

§/ Meetine basic needs: Strategies for Eradicating Mass Poverty and
Unemployment (Geneva, International Labour Office, 1977), p. 25:
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436." The significance of science and technology for development lies in the fact
that their appllcatlon can influence both growth and ohange decisively. As was
,demonstrated by, the field. surveys of needs and priorities in science and technology
i 1nd1v1dua1 Afrlcan countrles which wére carried out durlng the preparation of
‘the Afrlcan Reglonal "Plan for the Application of Science and Technology to Develope
ment (hereafter referred to as the African Regional Plan), this influence of
sc1ence and technology in development is widely recognized "at senior government
and othe; 1eve1s"{ although as one might expect, the general publlc is ignorant

of it. 9

37« The appllcatlon of science and technology influences Frowth through increases
in eff1c1ency and improved productivity. Use of machlnes and installations borh
of science and technology greatly amplifies man's effiort, ‘increases the efflClency
of hig® exertlons, refines the results of his: labour, removes drudgery from work,
and generdlly ralses the level of comfort 1n his working and living conditions.

"38. The appl1cat10n of 'science apd technology also brings about changs. This
oceurs in two wayss First, it occurs indirectly through the effects of ec1ence and
%echnology on gpodhhw- But growth and change, as has been indicated, are .
1nterconnected. The quant1tat1ve growth produced through the application of"
501ence and technology in turn produces qualitative changes in life. For example,
the bconomlc growth ‘which the application of science and technology brings about
reduces rural poverty and urban squalor. This in turn-produces changes in’
attitudes and habits (whlch in Africa are often concessions to raging advers1ty),
thereby raising the quality of life. But science and technology may also effect
changk in a second and direct way: through education. By many estimates this
contrlbutlon of science and technology towards development ig likely to produce
the- Speedlest and greatest impact upon deVelopment in Afrlca. It seems approprlate,
therefore, to deal w1th it in detail.

39. At one level, development in Africa depends on the actions of the constltuent
countries thems<lves, and, in particular, on their peoples and Governments.
Achievement of the conditions required for rapid over-all deve10pment is possible
only if this is accepted and if Governments pursue stable policies directed towards
this end. At a second level, it must be recognized that in most developing coun—
Iries, including those of Africa, lack of scientific knowledge and technological
know-how are seldom the critical limiting factors. Instead, the obstacles to
development in these countries are often of an economic and so¢ial 'nature. They
relate to such factors as education and general level of skills, éommunication
between dlfferent social groups, responsiveness to new 1deas, the effectiveness

of the admlnlstratlve apparatus, the éntrepreneurlal sp1r1t in industry, and

sound polltlcal lehdership.

40. At both of the above levels, removal of the barriers to development requires
the bulldlng up of a seiéntific culture. This involves fostering a wider and
deeper understandlng by the public - especially ‘at the adult level — of sciénce ‘
and its appllcations, through adequate provision w1th1n the educatlonal system.

2/ African Regional Plan for the Application of Science and Technology
to Development (United Nations publication, Sales No. E. 73 II.K 3), plra. 13.
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In all of the developing countries in Africa, members of the public must be.dis—
abused of the many erroneous notions they hold in regard to the environment and
their interaction with it. They must be won over to the view that each response
of the environment must have sufficient cause — that, in short, nature cannot be
cajoled but must be dealt. with scientifically. When this happens, members of
the public will be receptive to the measures which development requires.

41. All strategies of development must sooner or later engage the common man in
a dialogue about the ways in which his working and living conditions would be
improved if he did what the strategies ask of him. But unless he has at least a
nodding acquaintance with science and its applications, how can anyone expect
the vocabulary, let alone the propositions, of any strategy for development to
be intelligible to him? Certainly one's attempts at expounding the virtues of
proteins are less likely to succeed with an audience which does not always

think of the human body in scientific terms than with one which does.

42. 1t follows that developing countries in Africa need to make scientific
education available to as broad a base of their populations as possible. For
development will be brought about not by the isolated efforts of a handful of
scientists and technologists, but by the concerted efforts of the masses.,

Against this background, adult literacy campaigns assume special importance.

In the first place, the agents of growth and change, and so of development, are
adults. Development may be greatly accelerated by fostering in this segment of
the populace a responsiveness to measures aimed at development. Secondly,
literacy among adults reinforces literacy among the young. This is particularly
important in Africa. In Africa, only 20 per cent of the pupils in primary schools
(who themselves represent only about 40 per cent of all school-age children) go on
to secondary school, and an even smaller percentage (15 per cent§ of those in
secondary .school ever reach university. 19/ Thus about 90 per cent of Africa's
young people have only primary education or less. Primary education, however,

is usually not sufficient to overcome the inertia of an illiterate environment.
After some years those who have gone no further than primary school usually
relapse into illiteracy, and illiteracy among young people returns to the 90 per
cent figure. Unless adult education is undertaken simultaneously, therefore, it
is possible to attain the goal of universal primary education and yet continue to
have rampant illiteracy.

Ba Science and techaology policy

43. 1In this paper, science and technology policy is used to refer to the frame—
work provided by the guidelines aimed at circumscribing the development of the
scientific and technological capacity of a country and steering it towards chosen
objectives. In order for such policies to be effective and useful, they should
not only spell out explicitly what the short-term and long-term aims of science
and technology in the couniry ought to be, but should also expressly indicate the
courses of action designed to achieve those aims.

19/ Tducation in a rural environment (Paris, UNESCO, 1974), p. 16.



alfred.morales
Sticky Note
None set by alfred.morales

alfred.morales
Sticky Note
MigrationNone set by alfred.morales

alfred.morales
Sticky Note
Unmarked set by alfred.morales


16

44. Earlier, science policy somewhat blithely assumed that if sufficient re—
sources were devoted to building up and sizffing scientific institutions, these
would have an automatic modernizing effect upon industry ard agriculture and upon
society generally. It is now recognized, howevar,. that this is simply not so.
While the decliberatc and studied application of science and technology tc develop-
ment is rtill hampered by inadequate knowledge of just how the process works, it
is already apparent woat the provision of scientific institutions does not by
itself ensure an au.omatic contribution to development. This has led to a re— )
assessment of earlier premises of science policy making.

45. 1In africa, the problems associated with the formulation and implementation
of science and technology policies have attracted increasingly serious attention
by African Governments in the years since national independ-nce. At a conference
convened by UNESCO in Lagos in 1964, it was noted that African countries were
handicapped by the absence of an adequate national science policy, and that they
lacked national machinery for co-ordinating and preparing such a policy. Three
years later, many States had either set up or had reinforced their national
agencies for science planning, decision making and co—ordination. Much had by
then also been done towards preparing and implementing natioral science pollcles
which werc adapted to development needs. Since tht.a there have been further
important developments, and today most countries in Africa werc working towards
central machlnery for pollcy making and planning 1n science and technology. 11/

46. As a result of the: steady assaults which have been made on the problems re—

lating to science policy in recent years, a new pattern has begun to emerge. One
good description of this is contained in the first chapter ("General development

of scientific.and technological capacity") of the African Regional Plan.

AT. According to the African Regional Plan, science and technology policy in Africa
should have the general aim of promoting and reinforcing the development of tech—
nological independence. The Plan offers the following as objectives selected to
guide action to this end: :

(a) Development of national organs to'ueal wi.th sclentlflc and technolog1ca1
affairs and to determine national policies in these spheres,

(b) Creation of scientific awareness among the public so that it appreciates
the potential offered by the use of sflence and technology for development;

(c) Institution of scientific and technolog1cal plannlng a's an 1ntegra1 part
of development planning;

(d) Evolution of new and more effective forms of international co-operation
in the use of science and technology;

11/ UNBSCO document SC/CASTAFRICA/3, chap. I, p- -, 16-18.
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(g) Reinforcement of the national network of institutions for science
and technology;

(g)“ Reorientation and mobilization of the scientific and technological
communities in each country; and

(g) FEstablishment of information and documentation centres. 12/

48. But while considerable progress seems to have been made with regard to the
"making of science and technology policy, there still persist serious problems as

a result of which only a few countries in Africa have evolved from their polioies
and implemented concrete programmes of action aimed at strengthening their technow
logical capabilities. These problems include the following:

(2) The goals of science and technology policy do not always show clarity
of vision, and are often not action-oriented;

'(3) These goals often receive little more than lip~service, either beocayse
of a lack of political will to pursue them or because of the absence of the means
required to pursue them, or both.

49. These problems are further complicated by the fragile nature of the national
organs whose function is to formulate science and techunology golioy and to draw
up and implement programmes of action designed to fulfil suech a poliQy, Many
times this fragility stems at least partly from a duplication of effart, Many
African countries find it difficult to resist the impulse to erect a new ingtitug
tion around each new idea. As a result they have in time come to boast several
science and technology bodies with overlapping functions. When the sityation gets
out of control, a favourite ploy is to hatch yet another institution to subsume
them all. This often proves to be a paper tiger and seldom manages t¢ rein in
the warring factions. This instability makes it difficult to pursue any policy
with the doggedness often required — let alone prepare such a pelicy.

50. Thea there are, of course, difficulties relating to the training and deploye
ment of manpower. In Africa, quite apart from the fact that sometimes erucial
posts can go to people whose training and talents are ill-suited to the posts,
while those qualified for them languish in meaningless jobs, there is also high
job mobility caused by people's movements from one job to another within the
country or outside. This creates a state of flux which leads to a lack of ocone
tinuity. 1any years after their inauguration, a great number of science and
technology institutions in Africa are still plagued with "teething problems",
Long after the countries should have begun collecting returns from them, these
institutions are still not able to deliver.

12/ African Regional Plan, ops cit., paras. 22 and 34.



alfred.morales
Sticky Note
None set by alfred.morales

alfred.morales
Sticky Note
MigrationNone set by alfred.morales

alfred.morales
Sticky Note
Unmarked set by alfred.morales


18
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56« Other difficulties, broached earlier, are the absence in many countries of
explicit strategies for developing national scientific and technological capabi-
lities adapted ti over-all socio-economi. development and *he fragility of the
institutions whose function is to work out such strategies. In addition to the
need to establish machinery for incorporating science and technology programmes
in programmes for over-all national development, there is therefore also a need
to strengthen the policy-making bodies for science and technologyn

D echrological information and documentation

57. Technological information constitutes an element of fundamental importance
in the process of development and transfer of technology. It .is vital in the
generation of indigenous technologies and in the evaluation, selectlonr trans-
fer and adaptation of foreign technologies- :

58. "~ Technological information is useful tos

(a) Governments for:

(i) The technological decision making required in formulating and
implementing national development plans;

(ii) The generation of'indigenéus technologies and the evaluation,
selection, transfer and adaptation of foreign technologies;

i

(E) R and D institutions for:

(i) Planning research and development programmes and activities;
(ii) Awareness of current technological developments;
(iii) Reference material for technical libraries;

(g) Universities for:

(i) Research programmes and activities;

(i3) Preparing educational material;

(g)' Industry for:

(i) The identification and location of technologles whlch could be
: 1ntroduﬁed, :

(ii) The comparative evaluation of, and selection among, alternatlve
techno;ognes,

(iii) The industrial application of selected technologises.
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59. Because of the great volume of information on science and technology, and
the neceessity of instituting efficient means of collecting and disseminating it,
the need to establish centres for the storage and provision. of such information
is now commonly recognized. In the case of "industrial properiy", which consists
primarily of patents for inventions, trade marks ahd industrial designs; for
example, about 1 million patent documents are published each year, describing
approximately 350,000 new different solutions to technological problems. 1}/
There is clearly a need to devise efficient means of access to this wealth of
information. Against this background, the plans by African countries with
assigstance from the World Intellectual Property Organization (WIPO) to establish
two patent documentation and information centres, 14/ one for French-speaking
Africa to be based in Yaoundé and another for English-speaking Africa to be
based in Nairobi, would therefore seem to be pertinent indeed.

60. At the global level there are many information services which are either in
existence already or in an advanced stage of planning. They include the Universal
System for Information in Science and Technology (UNISIST) of the International
Council of Scientific Unions (ICSU) and UNESCO; the FAO International Information
System for Agricultural Sciences and Technology (AGRIS); the Industrial Informa—
tion System (INDIS) and the Industrial and Technological Information Bank (INTIB)
of the United Wations Industrial Development Organization (UNIDO); the Integrated
Set of Information Services (ISIS) of the International Labour Organigation (1ILO);
and the International iuclear Information System (INIS) of the. International
Atomic Energy Agency (IALA). 12/ Less elaborate information services with
similar missions need to be established in Africa at the national, subregional
and regional levels. 1§/ The African Development Information Network (AFDIN),
currently being established by the Economic Commission for Africa, is an

important step in the right direction.

1;/ “"Transfer, adaptation and development of technology: legal aspeocts of
the application of science and technology for development in Africa", study prepared
by WIPO for the African Regional Meeting in preparation for the United Nations
Conference on Science and Technology for Development, para. 32(i).

14/ 1bid., para. 18,

12/ See Directory of United Nations Information Systems and Services((Geneva,
Inter-Organization Board for Information Systems, 1978), p. 33.

1§/ See also "The contribution that co—ordinated information and documenta—
tion services can make in the application of science and technology to development",
a paper written for the African Regional lieeting by the Regional Committee for the
Develgpment of Information Services in Bastern Africa (P.0. Box 47288, Nairobi,
Kenya ).
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III. THE PRESENT STATE OF SCIENTIFIC AND TECHNOLOGICAL ACTIVITIES
IN AFRICA

A. Science and technology knowledge, manpower training-and existing skills

61. Many conntries in Africa are at a crossroads, economically as well as
educationally. After almost two decades of independence, a model of economic
development primarily on the expansion of the urban (modern) sector has increas—
ingly been shown to be inadequate. In spite of the growth of real GDP at rates
between 4 and 6 per cent in many countries, and in some cases as high as 7 or

8 per cent throughout the 1960s, the expected fruits of this growth have not
materialized., Large parts of .the rural areas are only marginally better off
than before. It is true that wage—earning employment in urban areas has grown
considerably, but in recent years the growth has slowed down and in any case it ‘
never absorbed more than a small proportion of those annually joining the labour
force. Besides, the expansion of the modern sector frequently strengthened
linkages with the world economy in a way which perpetuated the economic dependence
of Africa on the richer countries of Furope and the Amerlcas.

62, It is commonly recognized that Africa has great potential for development.
The problem is how to transform this potential into reality. One way of achieving
this is to apply science and technology as the highly developed nations have done.
But a close look soon reveals that there are a number of subtle impediments.
Modern science and technology is largely of foreign origin, and the process of
assimilation poses special problems. African personnel not only have to master
science and technology nearly as fast as it is developed elsewhere: they also

have to overcome the psychological problem of gaining enough self-confidence to
use the acquired knowledge creatively in their environment so that they too can
contribute to the creation of science and technology. Unfortunately, the educa-
tional systems in most African countries have not sufficiently addressed themselves
to these problems,

63. The most outstanding defect in the present educatlonal systems is that they
have not been evolved to cater for the needs of African society but have been
transplanted from alien sources almost wholesale and without adaptation. Hence
the curricula are not sufficiently oriented towards education to solve national
problems. In 1961, the Addis Ababa Conference of Ministers of Education drew up
a list of educational priorities and a set of short-term and long~term targets
for educational development in Africa to 1980. In brief there were four lang-
term targets for 19803 ' o

(a) Primary edﬁcation shall be universal compulsory and free;
- 7

(b) FEducation at the secondary level shall be provided to 30 per cent of
the children who complete primary school; '

(2) Higher education shall be provided, mostly in Africa itself, to 20 per
cent of those who complete secondary education;

(d) The improvement of the quality of African schools and universities shall

be a constant aim. 1

11/ "Survey of economic and social conditions in Africa 1976 -~ 1977

(Part I)" /E/CN.14/690 (Part 1)7, p. 68.
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64. In 1961 primary education in Africa covered barely 40 per cent of the
relevant age group, secondary education only 3 per cent and tertiary education

a mere fifth of 1 per cent. In the decide and a half since the Addis Ababa
conference, the quantitative changes that have taken place may truly be described
as an educational explosion. Between 1960 and 1972, school” attendance in Africa
almost doubled at the primary level and more than tripled at the secondary and
tertiary levels. Total school enrolment in Africa increased from 21.4 million -
in 1960-to0 44 million in 1972, a rate of increase higher than that of all the
main developing regions of the world, with the exception of the Arab States

(see tables 2 and 3). Table 4 indicates the size and struoture of formal
education by African subreglon around 1972.

65. Desplte the rapid increase in enrolment, the increase in the primary enrol-.
ment ratio since 1960 is smaller than that envisaged in the Addis Ababa plan. On
the other hand, at the secondary and tertiary levels, the expansion of enrolment
ratios has exceeded the Addis Ababa plan. Thus there has been a significant
switch in priorities away from primary education and towards secondary and higher
e?ucation. This would not have been a cause for concern if the courses -~ '
particularly at the tertiary level — had been oriented more towards national
development and self-reliance. Within secondary education, the Addis Ababa plan
called for a clear shift in favour of the proportion of students enrolled in
technical, vocational and teacher training courses. In fact, the proportion of
enrolment in technical and vocational courses appears to have dropped, while the
proportion in general education has rigsen and the proportion in teacher training
has remained more or less the same. Similarly, attempts to increase substantially
the proportion of science and technology students in higher educatlon have often-
failed, ‘ :

66. The very success of quantitative expansion has sharply revealed the inadequa~
cies of the educational targets. Successive conferences of African Ministers of
Education held at Abidjan in 1964, at Nairobi in 1968 and at Lagos in 1976 have
increasingly st:essed the need not just for quantitative and qualitative improve—
ment but for redirection and restructuring at all levels. In the words of the
final report of the 1976 Lagos Conference’! "The time is no more when Governments
feel that educational development can be achieved through the numerical expansion
of enrolment in institutions of a conventional nature which would reproduce and
perpetuate the aims, content and programmes inherited from the previous generation
and from the colonial past. What is now at stake and under way is fundamental
rethinking of educational- systems so that they can mould the African man of .
tomorrow, rooted in the culture of his continent but prepared. for participation

in the building of a modern and prosperous Africa, contributing towards the estab-
lishnment of the nowwould order with the rest. of the international community. 1§/

18/ 1Ibid., pp. 71 - 72.
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Technical training

67. In virtually all African countries, shortages of skilled manpower place serious
constraints on development. There are shortagesof persons who combine engineer—
ing or agricultural expertise with managerial skills, industrial designers, produc-
tion engineers, engineering draughtsmen, broad-based technology practitioners,
environmental designers, quality control personnel, management accountants, to

name only a few. Among the skilled personnel now available, there is often an
unfarourable ratio of middle-level technicians to professionals and a general

lack of correlation between skill requirements and the training provided. A number
of countries have noted these shortages and imbalances, but have been unable to
rectify them.

68. Most countries appear not to have adequate facilities for training technicians.
This has resulted in shortages of technical personnel, who are therefore in great
demand in most African countries.

6%. As far as so—called'"high-level" professional persoﬁnel are concerned, train-
ing programmes in engineering have adhered to the tradition of producing: civil,
mechanical and electrlcal engineers. Most universities and other institutions
for technlcal tralnlng have taken no practical measures to’ dlver51fy their course
options 50 as to reflect the needs of the economy more accurately. A few
universities, however, have introduced innovations which are likely to make
training in such institutions more relevant. Such universities as those of Ife
and Ibadan in Nigeria and the University of Science and Technology in Ghana

offer courses in food science and'technology, chemical technology and so on;
other institutions, like the Un1vers1ty of Dar es Salaam, have incorporated
sandwich programmes into their course structures. Such sandwich programmes
provide a desirable llnk ‘between the educational institutions and the '"world of
work" in. industry.

70. Research units and research workers in Africa are often located in the
universities, and this imposes on these institutions extremely important functions
in the national development process. But, unfortunately for Afriéa, growth in the
supply of R and D manpower from higher education is far from adequate. According
to a recent UNESCO survey there are, on average, 480 students in higher education
for every 1 million inhabitants in the ECA member States, excluding Egypt. This
represents a fifth of the ratio for Asia (excluding Japan and China), a tenth of
that for Latin America and only a twentleth of that in Europe (excludlng the

USSR). 19/

71. Over half the students graduating from national institutions ©of higher
education are in the humanities, religion, education, fine arts, law and social
science faculties, as shown in table 5. Engineering and agriculture are the
smallest groups of study in most African countries %on average 5.3 and 4.8 per
oent respectlvely) - This fact, of course, has dire consequences for the
building up pf an adequate potential for industrialization, for the mechanization

_2/ "Statlstlcs on research and experimental development in African countries
(UNESCO documeat SC/CASTAFRICA/ref. 1), paras. 40 and 46.
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of agrlculture and for economic growth and national development as 'a” whole’
(Egypt is an exception to this rule:)  In Asia, for-example, 10 per cent of all
post—secondarJ students study eéngineering; in Latin America the proportion is

14 peér cent and in Burope 18 per cent. Similarly, the low percentage of students’
in agricultural sciences (barring exceptions such as Mauritius) is highly
undesirable for countries largely dependent on natlonal utlllzatlon of cash crops,
as well as on the exploltatlon of forests. :

72 .- Some-countries think that the above s1tuat10n is rlghted to a fair extent
by large numbers of their nationals studylng engineering, agrlculture and
medicine abroad. This is unfortunately not the case Yecause the number of
students abroad is, in absolute terms, relatively small and because the dis-

- tribution by field of study of those who study at home and those who study abroad
does not significantly differ. It is a fact that for mamy African countrles ’
study abroad is an essential supplement to local educatlon and that in certain
instances (Benln, Central African Empire, Gabon, Mauritius and the Upper Volta)
the number of students abroad is several times higher than those in national
institutions. -But if Egypt is excluded, the ratio of the. total number of =
students from African countries studying abroad (1n 50 selected countrles in the
UNESCO study) to those enrolled locally was approxlmately 1 to 3.5; including
Egypt, where higher education is relatively well developed and the proportion of
students abroad is considerably lower, that ratio is brought down for the whole .
of Africa to about 1. 10S : S : . .

T3, A further aggravatlng factor for sc1ent1flc development 1s that the number
of graduates from national institutions of higher learning is very low compared
with the population. Figure I shows the relative low level of total graduate .
output.in comparison with other regions of the world- Furthermore, flgure I1 .
indicates that in comparison with other regions, the African region comes at

the very bottom with regard to the number of students graduating per 10,000
inhabitants~ This'is understandable when one considers the fact that in

12 countries in Africa the number of students graduating annually for every. .
100,000 inhabitants is five to 10, and in only five countries does the flgure
exoeed 20. . T E ER R T

74ay.The above statistics leave no doubt that the present situation of tertiary
education in African States, with the possible exception of Egypt, does not . . .-
offer encouraging:prospects for the development of R and D on the contlnent,f
even when the ratio of students enrolled abroad is taken into account. '

B. Scisence and technology planning

75. Science and technology policy formulation and planning has been making prog-
ress in many African countries during recent years. Throughout the continent
science and technology:policy is now generally :seen to have two main agpectss.

the long-term development of national scientific and technological potential,

and the most effective use of this potential to meet development needs. It is
accepted that a national science and technology policy should be a reflection of
long-term national goals and ohjectives and of the over-all economic and 5001a1 o
development plan designed to achleve those alms. ' v .
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76. .In practice, nevertheless, few countries ia Africa as yet have 2 science and
technology policy clearly formulated in these broad terms. Instead they have an
agglomerate of nany partial and implici’ science and techrology policies which,
co—ordinated toa greater or lesser extent al the centre, have only very slight
impact on the national process of policy formulation.

77+ 1t.can be said that over the past decade the intellectual dimensions of
African science and tcchnology policy have evolved from a primary concern with
tle atlioration of resourves for the support of basic research to a recognition
oI scienge and technclogy as key compouents in economic development. In any
event, a few countries have already included special chapters on sections dealing
w1th.s01ence and technology in their over-all natlonal development plans; for
eyanple Egypt Ethiopia, the Ivory Coast, Ko nya, Nigeria, Senugal, Tunisia, the
United Republic of Camervon and Zambia among others, The hadacascar plan
1ncludes research policy in relation to agriculture, and several others show an
app;eclatlon of the value of scientific research by making substantlal financial
llocatlons.

Institutional systems for science and technology

78. The types of institution which, at the decision-making level, affect the
fu1filment of the objectives of any science and technology policy are, generally
sp2aking; institutions such as the councils of universities, scientific and
technological institutes, academies of sciences; national research councils,
scientific and technological associations, higher educational programming depart-
pents (at the ministry and planning levels) and, in some countries, ministries of
fochnology. The institutions that fulfil or implement the objectives of science
and technclogy policy at the operational level are generally university departments,
rogearch institutes and occasionally industry.

.79+ . Institutions at the sectoral level which have responsibility are generally
the sectoral planning departments and offices of the minis*ries of health, housing,
industry; transport, works and so on, and firanc'al ard State holdings. At the
operational level, policy is generally implemented within the production units
themselves (companies, technological institutes or departments created in the
aforementioned policy-making institutions).

fM. For most of the countries in the region two central aspecis of the institu-

¢ ou&1 problem can be seen. Firstly, government institutions and Toilss explicitly
commissioned to undertake the formulation and implementation of science and techno-
logy policy concentrate primarily on science policy and only incidentally on
technology policy. Secondly, even in the absence of an explicit institutional
framework for technology policy in these countries, there has been and is an
implicit form based on institutions directly linked to production and economic

and social planning. The institutional problem is being tackled in some countries,
and the inadequacy of existing framework has been recognized.

81. The designations of the institutions for science and technology policy differ
in various countries, but the institutions are quite similar. They are directly
responsible to either the President, the Prime Minister, the Council of Ministers
or the Ministry of Planning or Education. They are officially entrusted with the
formulation of science and technology policy or with assisting in its formulation.
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82, A clear-out institutional distinction between technology policy and science
policy has proved much more effective in the advanced countries of Burope. This
distinction does not mean that technology policy institutions should be created

on an ad hoc basis; on the contrary, this area of policy should be incorporated
into an existing institutional framework, or one to be developed, of economic

and social planning and implementation. The institutions responsible for formulae
ting and implementing technology policy must, in turn, encourage the establishment
of links between the requirements of technology development on the one hand and
social and economic objectives and the scientific and techaical resources
available in independent academic and scientific institutions on the other.

83. 1In conclusion, it can be stated that the machinery for indentifying, selectw
ing and planning scientific and technological activities is undergoing progres—
sive change and that there is a tendency to entrust the control and supervision

of technological policies to centralized agencies and to endow these agencies with
scientific infrastructure capable of providing short-term, medium-term and longe
term solutions to the problems of the development and implementation of technology
policy.

84. Although the progressive development of the systems and methodology for
identifying, selecting and planning scientific and technological activities is
geared to the link between these and the structural development of the national
economy, except in a few countries no combination of realistic objectives has

yet been arrived at in most of the countries, whether formal or even merely

stated, allowing science and technology to be developed as a function.of coherent
objectives at the policy making, manufacturing company or research institute level,
And no evidence has been found of any specific criteria for establishing priorities
-and allocating resources whether at the State, sectoral or even subsectoral or
company level.

85« Table 6 shows policy-making bodies for science and technology in African countries
while annex II gives the names and addresses of science and technology bodies in
the various countries in the regicn. As can be geen from these tables, most
African countries now have science and technology policy-making bodies, and some
others have announced their plans to follow suit. Although considerable

scientific infrastructure has been built up with some substantial research and
extension activities, often some of these have been based on inherited .institutions
whi¢h are not necessarily best suited to the needs of a country aiming at rapid
development. Some countries still find it necessary to rely heavily on foreign—
based institutions, staffed largely by expatriate personnel. While these have

made useful contributions, they are not readily harnessed to local d:svelopment
needs. Many countries will therefore still need to restructure their research
and supporting organizations to form a more coherent force for development.
Co~operation with non-African institutions can be useful, but only within the
context of strong national institutions.

Ce ‘Industrial base

86. With the exception of a few countries, the structure of output in Africa is
predominantly under_dcvclopcd; The large share of agriculture in West and East
Africa compared with North and southern Africa is an indication of the low level
of industrial development in the West and Fast subregions.
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87. In 1972 Africa's share of total world manufacturing output wds only 0.6 per
cent, while its share of the output of the developing wolrd was less than 10 per
cent. Further, manufacturing output broke down as follows: consumer non-
durables ~ about 70 per cent; intermediate goods — 15 to 16 per cent, and capital
goods, including consumer durables — 14 to 15 per cent. gg/ Thus it can be seen
that, with the exception of a few countries in which basic metal industries have
been established, some where metallurgy, chemicals and rubber are relatively
advanced and some North African countries where chemicals and certain basic metal
and. metal product industries have been developed, light manufacturing is predomi-
nant in Africa at the present time. This is a very unsatisfactory situation when
it is realized that intermediate and capital goods industries constitute the
heart of industrialization, and hence economic growth, since they essentially
shape productive capacities such as skill and technology development and supply
the means of production not only to themselves but to other sectors of the economy,

88. " Mfany countries in the region are now giving increasing weight to the devele
oprient of specific branches of heavy industry, including cement, non-metal
products, fertilizers and other chemical products, in addition to a number of
metal products, including table and kitchen utensils, simple tools and implements,
or to the assembly of some transport equipment, refrigeration units and other
electrical appliances largely using imported parts.

89. However none of the African countries has reached the stage of industrial
development where the expansion of industries for heavy consumer goods and the
development of intermediate goods industries have not resulted in increased
growth in imports for the expansion of established heavy industries.

90. Probably the greater number of imports used in manufacturing are intermediate
gocde which have not as yet reached the stage of final production by industries

in the continent. Africa is, of course, a producer of a variety of the raw
materials which go into the making of a long list of intermediate goods which, in
turn, are used in manufacturing in the continent. A great number of African coun-
tries import from outside the region an increasing volume of intermediate manufac-
tures, the basic inputs of which may have originated in Africa. Africa as a whole
is a net importer of leather for shoes, wood pulp for paper, metal products for
non~ferrous metals, tanning materials for leather, dyeing products for textiles,
and so on. At the same time, it is a net exporter of hides and skins, sawn wood,
basic uon-ferrous metals (including copper, tin, zinc, lead and aluminium),
pigments, indigo, coal-tar dyes and other tanning and dyeing materials, all of
which go into corresponding imported intermediate goods. It seems that these
input goods could be produced locally from domestic materials, partly for use by
the growing industries and also for export at higher values than are obtained

from their export in primary forms. It is also evident that intraregional trade
in such goods is very limited in extent, which partially explains the lack of co-
ordinated development of manufacturing among African countries.

gg/ "The African economy: Background to the examination of the issues of
technology transfer, adaptation and development in Africa" (E/CN.14/ACTT/2/Add.1),
para. 30,
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T. Scientific and technological research and development

¢1. The present state of R and D in Africa will be discussed under four headingss
I~and-D manpower; R-and-D financing; R-and-D 1nst1tut10ns, facilities and equlp—
ment; and ‘R~and-D projects.

1,  R—and-D manpower

92. The most recent study on R-and—-D manpower in Africa can be found in UNESCO
publication SC/CASTAFRICA/ref. 1. The situation may be sunmed up as follows:

93, In terms of the numbers of scientiste, englneers and technicians per millicn
population, a majority of African countries possess only about a half to a third
of the corresponding numbers in Asia and only a thirtieth of those in Europe.

The number of scientists , engineers and technicians engaged in R and D in most of
the countries does not exceed 10 per cent of the total; this proportion is roughly
compirable to that in the countrles of As1a and Europe.

04 . Only a few African countries have so far achieved the target laid down for

1hs ‘Sczond United Nations Development Decade in the World Plan of Actiong 200

research workers per 1 million inhabitants by 1980. The corresponding targets

pxoposed for Asia and Latin America were respectively 380 and 400 research workers
er 1 million inhabitants. As of 1967, most European countries had 1,000 R and D

u01ent1sts per 1 million population, and this figure has risen conslderably _

since. African’countries that have achieved or are closcst “o the target are:

Lgrpt 25)0% Ghana (474), Tunisia (257), Senegal (221), “aurltlus (219?

Zenya (143), the Ivory Coast (125), the Libyan Arab Jamahiriya (85) and the Central

African Dmpire (71). Moreover, as shown in table 7, these figures include

persons of foreign nationality, who in certain countries may represent up to

70 per cent of the number of 501entlsts and englneerso

95, Part-time scientific personnel appear to constitute a considerable proportion
of ‘total numbers of scientis%s and engineers in R and D (48 per cent on average
for all the countries surveyed) Generally the natural sciences are represented
by the largest group of R—and-D scientists and engineers (37 per cent in total)
Agriculture accounts for 33 per cent of the total, while engineering -~ a maJor
vroup required for the tasks of development and adaptatlon of +echnology -~ ig one
¢ "l svuilest Re-and-D groups (9 per cent), and is mentloned in only 20 of ‘the
repiies from the 36 countrles.’

96. The higher education sector is the most 1mportant employer of R—and—D
scientists and engineers: 55 per cent of the total number. "The productlve sector
employs 36 per cent and the general service sector only 9 per cent.

97. The ratios of technicians per R-and-D scientistvand'engineer are different
in the various sectors of R-and-D performance. In higher education, the ratio
is 0.6, in the productive sector 1.6 and in the general service sector 1.5; the
average for all sectors is one technician per scientist or engineer. This is a
rather low ratio and highlights the shortage of technicians able to lend
effective support to hlgher R-and-D personnel. __/

o —————— e ———

21/ SC/CASTAFRICA/ref.1, chap. II, sect. B.
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2e R-and-D financing

98, In genera. data-on R-and-D financi.ag in Africa are inadequate. UNESCO

records that 10 out of 20 African countries reporting on their level of expenditure
for science and technology in connexion with R and D stated that they had reached
or surpassed 0.5 per cent of their GNP for that purpose. gg/ It is not clear,
however, whether these countries have reached the 0.5 per cent of GNP target for

R and D laid down by the General Assembly in the International Development

Strategy for the Second Development Decades It seems probable that many African
countries are still below the 1 per cent of GNP target proposed by UNACAST (0.5

per cent of GNP for R and D proper, plus 0.5 per cent of GNP for the cost of
related scientific and technological public services).

99. In most of the countries in the region, government funds constitute the

main source of R-and-D financing, though only a few countries, such as Senegal

and Kenya appear to identify R-and-D expenditure as a separate item in the national
budget. In some countries, however, the productive and/or service sectors play 2
major role in R~and-D financing. To judge by dats for a small number of countrics,
the higher education sector appears to contribute to total national R~and-D expcndi--
ture in widely varying degrees ranging from almost nil to a fairly sizable
percentage. Regional R-and-D expenditure per R-and-D scientist(engineer)

appears to be in the range of 3US 9,000 to $US 20,000; this is considerably below
the world average of $US 30,000. Almost all available funds are spent on current
expenditure; it is clear that African nations have difficulty in meeting the
capital costs of R and D.

.

3. R—and-D institutions, facilities and equipment

100. A UNESCO survey of the scientific and technical potential of the countries
of Africa provides a list of scientific and technical research institutions in
40 African countries. At the time of the survey there were 722 institutions with
a total of 6,048 full-time and 5,045 part-time researchers, or 11,903 researchers
in all, There is no doubi thcot the number of institutions as well as the number
of research workers has increased to some extent since the survey. The range of
R—-and-D issues which are being dealt. with by African institutions is shown in
table 8, while table 9 shows the distribution of the research workers who at

that time worked in the 722 institutions surveyed. From these tables it can be
seenr that National Councils for Science and Research have been established in
many countries and that institutions for research, particularly in the field of
agriculture, are fairly numerous. g;/ In contrast, R—and-D activities and in-
stitutions in iadustry are extremely rare;, and those that exist seem to be
engaged in quality control activities rather than industrial research as such.
The great majority of enterprises still rely on the R-and--D facilitiec of the
parent firms outside Africa.

gg/ Ibid., para. 67.

23/ UNBSCO document SC/CASTAFRICA/3, chap. I, paras. 59 - 64.
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101. In some cages, where substantial industirial research and development
facilities exist. there is still a tendency to shop abroad for manpower and
expertise, thus '=privnng local personne. of the chance to gain experience
through "learning Ly duiug’, pareicuiariy in ‘the tield of consuliancy. Moreover,
the few industrial research and development faciliiies t;at do exist often adopt
the university laboratory oppiocchto research, leacing .to publication in inter—
national journals rather than commercialization of the ruqcahqh results. There
are thus few contacts with industry and the users of tacimology.

4. R~-and--D projects

102. Africa has for a long time depended on the scicntific and techrological
kncwledge made available by the developed countries; mostly because of lack of
resources and teschrical capability. But Africa is rnow in thce process of making
up for the scientific and technological lag. When one considers vhat was accom-
plished in Pharaonic Egypt,one can easily understand thot this lag is a historical
accident and that the African, like other human beings, is capable of carrying out
scientific and technological rasearch at the highest level in order to find
adequate solutions to the probvlems posed by kis environment and his development.,

103. Considerable interest is now evinced in many African countries in the use
of golar energy for pumping water for domestic supply cnd srali-zcale irrigation,
for cooxing, drying, water distillation and so on. The earliest colar pump in
Africa was installed in the Institut de Physique Meﬁeg:o’o:'~v~ in Dakar in 1968.
SJm:lar pumps arée ncw in coperation in Algeria, bhaa;tug;ﬁl Kerya, Madagascar,
lali. Mavritaenra, the Sudan, the United Republic of Cameroon eni the Upper Volta,
and some are being installed in Cape Verde, Rwanda and the United Republie of
Tanzania. The Niger Solar ¥nergy Office (ONERSOL) established abomt 12 years ago,
the Institute of Solar Tnergy and Related Znvirommental Rescarch (ISERER) in the
Sudan and the Solar Energy Laboratory in Bamako, Mali, hav2 aircady produced a
promising line of garples of equipment wcing soiar energy, such s solar water
heaters and solar 3tills. ONERSOL, in co laboration with ti: firm SPILLING
of the Federal Rent:blic of Germany has produced a prototype of a solar motor,
with the.trade name ONERSOL, for production of mochanical erncrgy, and has also
produccd a solar oven for experimentation on the produstion of ceramics. The
Rwanda Centri rfor CEnorgy Studies and Applications (CLA“”) also hag an applied
research programm: or such’ app11ances, including solar rerrigeratorc and bio—
digesters. ' - :

104, In the Miogas production F'eld, research is 5 beoing conduc od'by the, Inter—
African Committes for Hydraulic Studies in the Upper Volia. .For more than 20
years a private firm, Fort Ternan, has been manufacturing bio-digisters in Kenya.
The bic-digesters preduce not only methane fucl gas but also. excellent fertilizers.
The high quality of the sludge as fertilizer has been demonstrated. scientifically
by the Coffee Research Foundation of Kenya. '

105. Efforts are also being made to use wind energy in Africa, particularly for
pumping water for domestic sipply and small-scale irrigation. Field and pilot
experiments are cortinuing in many African countries. In Senegal the Physics Unit
at the Thies Ecole_gpiyiechnique is working .on. the 'use of wind erergy with
genaradbrs with a nominal capaclty of betwsen 13 and 15 horsepover. The objeot

of thz work 1s to identify and solve problems-in cor=exion with the adapiation of

the various types of machine alreadyndeveloped., Experimertation on the aerodynamics
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of wind mills and the production of new types of windmills is being conducted in
Ouagadougou, t'~ Upper Volta. Work is @lso being done on a number of problems to
improve the operationzl efficiency of winimills by solving such problems as those
related to jamming due -to high winds, the best adjustment of the blades, better
operation in low wind and increasing resistance to high and violent winds.
Locally manufactured windmills have been installed in a numbcr of countries in
the region, including Ethiopia, {all, Senegal, the United Republic of Tongzania
and the Upper Volta. Cape Verde has an industry for the commerciasl production

of windmills. : :

106. In the Ivory Coast and Nigeria, several rescarch projects are under way in-
the area of agricultural productien. Substantidl work has been dornc in agronomic
research to improve grain varieties and to study systems of cultlivetion vhich will
increase farmeis'! productivity. Researchers in the region arc trying to improve
local varieties by experimenting with hybrids adaptable to locul economic and
climatic conditions. TFertilizers and technical equipment are also being tested

in this search for greater productivity. : :

107. Research and development projects on housing, water, powcr, agro—industries
and manufacturing industries are going on in Botsewana, Ghana, Cuinea, *he Ivory Coast,
Kenya, Nigeria, Senegal, Uganda; the United Republic of Cam:roon, the United
Republic of Tanzania and Zambia. g&/ In Nigeria the Iederal Insti tute of
Industrial Research has promoted the development throuvh local technical ‘innova—
tion of a processing plant for gari (a cassava produc+) The wo:k involved funda~
mental resesrch, quality improvement and laxge—Su&le procnc*lon The Tanzanian
Small Industries Development Organization has’ embarked or: a number of projects

for the development and popularization of approprlate technology for small-scale
and rural industrics. Some of the projects include food processing, building
materials and claJ products, textiles and clothing and a rural mechanizcd
workshop. The Te~hinology Consultancy Centre in the Kumasi University of Science
and Technology in Ghana participates ir R-and-D work by providing technical know-
how and assisting in the testing of new products in vniloi plants. "“he Centre

also provides tecunical production, access 10 credit and improvement of equipment.
Similar work is being done by the Appropriate Technology Centre in Botswana and ‘
by the Techiology Development Advisory Unit (TDAU) of ths University of Z-mbia.

E. Science and_technology records, documentation and disseminztion

——

108. The importance of national information systems and their lizks with regional -
and world informati»sn resources nannn® be over-emphasized. Unfortunatcly, the
development of information systems on science and technology in Africa is very
fragmentary. One of the tasks of the research workzsr starting on « project is to
obtain as much information as pcssible about previous work donec on the same or
related subjects. He can thus reduce the risk of duplicating work alrecdy
successfully accomplished and also learn much about methods, instrvmentation and
results relevant to his own activities.

24/ See Hans Singer, Technologleﬂ for Baslc Needs (Geneve, International
Labour Office, 1977). . T :
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109. Many thousands of scientific and technical journals and books are publirhed
every year, and useful information may be spread over a world-wide rang? of
literature. Information searches may therefore be time-consuming, and special
means are necessary to assist the researcher in this exercise. This is the
function of the documentation seérvice.

110. The main tasks of the service are: to procure copies of publications .
specifically requested by research workers; to draw the research workers®' atten—
tion to literature likely to be useful to them, even though not specificolly rco—
quested; and to provide translations of material published in languages unfamil’ 2>
to the research workers.

111, Methods used to provide the above services will be adapted to suit particulax
~ircumstances. Thus as regards document procurement, much will dopend on whethur
the documentation service is located inside a substantial scientific or technicol
library or is located close to such a library. In these circumstances, volumas

can be lent or photocopies made. If, however, the documentation service is not |
near such a library, microfilms of the publications may be more appropriate.
Literature awareness services may take the form of providing current lisis of
selected journals, indexes of world literature, abstract bulletins covering
particular subject fields or special bibliographiess A documentation service

is a dynamic service and is not merely a repository of documents-

112. For the efficient operation of such services it is important, first, tkat
the scientifi¢ and technical literature held in all the specialized librariez in
the country should be catalogued in a unified system, co-ordinated by the
documentation centre; and, secondly, that the documentation centre shouid
maintain close links with corresponding centres in both advanced and deVOLOpluo:
countries,so as to facilitate access to 1nformat10n from all parts of the world-

113« Documentation services can be used to providp publications — includ g
ratent specificztions and other specialized literature — from any couatry; they
are of obvious importance in the transfer of technology, which is houad to plany
a large part in the developing countries of Africa. :

114. But if one looks at the information services in Africa today, two facte
emerge. First there is an almost complete lack of trained documentalists.

Some libraries, particularly university libraries, try to perform jobs +i.xi
should be performed by documentation centres. The activities undertaken by such
libraries are generally restricted to reprography. Yet most government depart—
ments and parastatal organizations in Africa collect information. which must be
properly disseminated if it is to be of any use. Secondly, there are very few
institutions which can rightly be called. docunentation centres. One is the Kenya
Agricultural Research Institute library at Muguga in Kenya. This is hampcred by .
staff shortages and the great volume of literature in science and technology.

Its activities are limited to sending photocopies of important articles published
in international professional journals 1o interested scientists in natural '
science or technology. gg/

_j/ "The contribution that co—ordinated information and Cocu= ta e
services can make ...", ope.Cit., pp. 2 - 3.

Y
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115. Information services in libraries, documentation centres and archives have
been slow to emerge in the continent, even though it has long been acknowledged
that a rational programme of information service education is vital to innovation
and progress. Most of the information work is carried out mainly in libraries of
one type or another. There are academic libraries — university libraries,
private libraries and public libraries - carrying out information work. As far
as training of information manpower is concerned, there is the Fast African School
of Librarianship which was set up at Makerere University in Kampala, Uganda, in
1969 and there are Departments of Library Studies in the University of Ibadan in
Nigeria and the University of Ghana. However, these institutions do not provide
sufficient guidance for their students to enable them to handle science and tech-
nology information. It can be said that the lack of trained staff in sufficient
numbers is one of the main obstacles to the development of scientific and tech—
nological documentation and information services in the continent.

116. There is some co-operation among libraries in the continent and also among
documentation centres. WMany universities in East Africa co—operate with the
co—ordinating Centre for Regional Information Training in its programmes. However,
there is not much other co-operation in the field of libraries and documentation
centres at the regional level, even though different libraries in individual coun-
tries co-operate fairly well. Such co-operation generally takes the form of three
activities: inter-library lending, photouvepying and offering duplicates and

other publications. International co-operation is mostly bilateral and depends

on the type of libraries and the information centres concerned.

F. Emigration of scientific and technical manpower

1. International mobility

117« As was pointed out earlier, Africa suffers from a severe shortage of highly
trained scientists and engineers. Consequently the internmational flows of African
research scienlists and technologists are not only much smaller than those occur-
ring in other regiosns, but also their geographical distribution is even more
usbalanced than elsewhere.

118. This is due to the language barrier which srlits the African continent into
two main zones of spoken and printed communication with the international
scientific community and to the strong ties that often link African scientific
ingtitutions to similar institutions in the highly developed countries.

119. The above facts, together with the difficulties and high cost of exchanging
correspondence and travelling from one African country to another, have certainly
influenced and even distorted the pattern of the international movements of
African scientists and engineers towards the scientifically advanced countries of
Europe and North America on the one hand and to the African countries using the
same language on the other.
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"“2. The brain drain

120« It < nn.. be said that increased travel opportunities are always beneficial,
esp601ally in the case of undergraduate and post-graduate students in science

and technology. As seen today, the brain drain is the result of two forces.

One i~ the so-nzlled "pull effect", whereby countries that are short of scientists
or engineers attract foreigners; the other is the "push effect", which compels
unemployed, under:nployed, underpald or polltlcally harassed sclentlsts and

. technologlsts to em1g*~a+ec

121« It is neithex desirable'noripractieabie’to halt international movements of
gscientists and technologists entirely; nevertheless countries at the losing end
of the brain drain are bound to examine at what stage this depletion of their
scientific and technologlcal manpower will cause serious damage to the national
economy., ememberlng that the losses are effectlvely doubled by the gain of the
receiving country, which is usually a more advanced country whose economlc
objectives conflict with those of the unwilling "donor".

122, The prevziling educational, economic and social conditions in the developing
countries combine %o intensify the problems of the brain drain.- On the one hand,
ths* number o trained scientists, technologists and technicians, as a proportion
of <tie total populatlon, is generally low compared with the figure for the ;
advdn*ed countries; 'so tha+ ‘any losses will be felt more acutely. On the other :
hard, as a consequenc? of *he relatively low level of economic and industrial
development tlle number and distribution of® suitable posts way be insufficient to
absorh eren this relatively small number of trained personnel. Those not absorbed
into science-related occupations naturally seek employment elsewhere, and it is
likely to be the most highly qua11f1ed among them who w111 find posts abroad, in
more advancec countries. S e

123, However, it must not be assumed that trained personnel migrating from deve—
loping countrie - all go directly to the most advanced couairies. 1In fact, since
the countries of the region are at different stages of development and the subject
dlstr*buu;on of specialisis differs from country to conntry, there 1s a certaln
brain uraln anong the Afrlcan develonlng countrles themselves. :

12!. In rddition to the adverse effects of the brain drain on the development of - -
cience aud technology in a country, there are also serious educational and
ca;tural repercussions resulting from the loss of teachers at various levels,
and detrimental effecis on public health from the loss of medical personnel.
Another important aspect of this phenomenon is the political one. By shifting
veluable scientifically trained human resources from the less to the more
developed countr$es, the disparity between them will be increased, the technolo-—
gical anc economic gap will tend to widen, and ‘the- prospects of" the less favoured:
countries for attaining economic and soclal 1ndependence will be reduced.
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125. Under various existing technical co~operation and-assistenee arrangements,
there is a subrtantial number of highly trained scientists and technologlsts from
advanced countries serving temporarily in developing countries Their presence
should'be regarded as an interim "brain loan", though indeed one designed to
contribute to the strengthenlng of 501ent1flc and technologlcal capacity. In
some cascs{ the presence of technical assistance personnel actually contributes
to the brain drain. This happens when local personnel find thPmselves accorded
inferior recognition to that given to foreign personnel, and out of frustration
move elsewhere for recognition of their effort and productivity. )

126, To reduce the brain drain an increased proportion of advanced training will
need to be provided in the developing countries themselves‘ More centres of
advanced study should be established which will aim for international standards
in advanced treining and research in selected’ fields. The attainmoent of inter—
national standards might be facilitated and accelerated by encouraging graduate
students from advanced countries to participate in tralnlng and research at

thess - advanced centres in developlng countrles.

Ge Current methods for choosing and transferring téchnoiogies

127. Almost all countries feel the need to acquire technology for development,
which in view of the present low technological capabilities of African countries
invariably means importing it from external sources. Most countries are therefore
dependent on foreign sources of technélogy, but few fully appreciate the implica~
ti%n&- of this technological dependence, which most of the volicies pursued in the
various countries tend to perpetuate rather than diminish.

128, For example, investment decisions and project selection are often determined
by the financing conditions of the ex%ernal,investor/partner, who also invariably
selects the technology. The result is that the technology supplier dictates the
terms and conditions of the transfer, as well as determines the future patterns
of sources of 1atermediate inputs and also various elemen;s of the technology.
Invariably the source of machinery is tied to the foreign partner. In some

cases, both the machinery and technology turn out to be obsolete. In trying to
correct this, come countries go to the other extreme and cheocosc ulira-nodern
technology with its accompanying problems of scale. skill intensity, cepacity
utlllzatlon and lasck of markets.

129.- A Tew countries have realized the importance and necessity of greater
involvement by national institutions'in the process of the acquisition and deve—-
lopment of technology.: Such countries have established regulatory framcworks to.
monitor and control the acquisition of technologyn Nevertheless, it remains true
of most African countries that there is a gap between pronouncements of policy
in this field and the translation of such policy into actior for strengthening
national technological capability.
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He Entrepreneurial and management skills

130. In discussing entrepreneurial and management skills, it is first necessary
to define what is meant by a good entrepreneur. In the words of Schumpeter,
"the defining characteristic ng the entreprenéu£7 is simply the doing of new
things or the doing of things that are already being done in a new way". And
Schumpeter goes on to remark that the new thing "need not be spectacular" and
that the capacity for creative innovation is to be found "even in the humblest
levels of the business world". __/ This concept of creative innovation seems
to be inapplicable to most African countries, where so much of business
practice involves imitative technology and marketing techniques. Nevertheless,
what is important is not pure originality but rather non-routine activity. The
capacity for non-routine activity is not, of course, confined to the business
world; it is encountered in politics, in community affairs and in the school
system.

131. The fact that entrepreneurial business skills involve an element of

creative imagination or original improvization,deriving from a restless search

for new opportunities, means that neither the set of skills involved nor the _
people who have acquired them can be precisely categorized or-neatly defined,

To set up a tea stand or a shop employing one or two helpers calls for quite
different entrepreneurial talents from those needed to run a timber yard

employing 15 to 20 men with an inventory valued at 10 times the monthly

turnover. There are, so to speak, low-level, middle-level and high-~level
entrepreneurial skills. High-level entrepreneurship needs not only entrepreneurxal
but also managerial and other skllls.

132. In view of the fact that the growth of manufacturing in Africa has generated
little additional employment in recent years, the idea has arisen that employment
opportunities should be promoted by encouraglng the g¢rowth of small-scale rather
than large—scale enterprises in the informal as well as the formal sector. Some
of the recent country studies under the ILO World Employment Programme have in
fact given a new emphasis to the employment potential of the informal sector.
Unfortunately, African entrepreneurs are limited not only in quahtity but also

in quality, and this is one of the crucial bottle~necks barring the way to
vigorous growth of the informal sector in the continent. The limited numbers of
African entrepreneurs are partly a result of the academic orientation of the
educational system, which promotes aspirations for white—collar employment,

while the poor quality is due partly to lack of management training facilities.

133. In a recent study of African businessmen, based on in—depth interviews

with a random selection of about 1,000 businessmen throughout Kenya, Marris and
Somerset found that about three quarters of them had never gone further than primary
school and that, of the rest, only half had attained school certificate standard.
Since the career structure in Kenya (like other African countries) is closely
related to education attainment, these were men who lacked the formal qualifica—
tions which would have entitled them to well-paid jobs and consequently would

26/ P. lanis and A. Somerset, African Businessmen — A Study of Entrepreneur—
ship and Development in Kenya (London, Routledge and Kegan Paul, 1971), D« 2,
foot-note 1.
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have had to fill subordinate posts working for others. They chose a business
career because of a sense of frustration that, for one reason or another, they
had been prevented from climbing the convention:l ladder of evamination successes
leading to white-collar employment. gl/ Indeed, in some cases, it was the denial
of secondary education that séemed to have been the spur to original enterprise.
By contrast, the moment a boy has secured a secondary school leaving certificate,
he turns his eyes to seeking wage employment for himself, instead of creating it
for himself and others.

134, Certainly some form of education is & necessary condaition for the emergence
of entrepreneurship; although the existence of successfuvl uneducated women
traders in the markets of Accra and Lagos makes one wonder if that is true in
all cases. It is possible to teach book-keeping, accounting and even specifie
management techniques, but these are routine skills: which do not add up to entre-
preneurship. They are more useful for the clerks or managers whom the entrepre-
neur may engege than to the entrepreneur himself. The Management Training Centre
in Nairobi, set up in 1906 with the help of ILO; has experimeanted with short
role-playing courses in starting and managing a small retail business, which
comes closer to imparting entrepreneurial skills than any of the highly formalized
courses that are found in many of the training ¢entres on the continent. g§/
But~even the Nairobi Centre devotes only a small portion of its staff resources
to such courses tailored to the needs of petty African shopkeepers. For the
most part, its courses are designed to meet the needes of staff of the Govornnent
ancé big business.

135%. -There are at present many experiments going on in Africa combining productive
work experience with achooling at both primary and secondary levels. The United
Republic of Tanzania has already made considerable progress in developing the
concept of the community school in which children divide their time between work
and study, and Zambia, among other countries, is exploring the eame concept as
the basis for a reform of its educational system. The aim of these reforms is
to instil the value and attitudes of "self-reliance" or, i. other words, to
encourage children to seek self-employment after leaving school. Evidence

about the determinants of the formation of values and attitudes in children

is as yet too rudimentary to predict the distinct effects on entrepreneurial
attitudes such reforms will have. What is almost certainly true is that the
values of self-reliance are more effectively instilled by the =ntire culture of
g -oticty, which children pick up without even bclng aware of 1t. ‘than by avy
cu;rlculum practices in school. 2

C 21/ Ibid., pp. 64-66.
28/ Ivid., pp. 221-222.

29/ ‘E/CN.14/690 (Part I), pp. 104-105.
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136. If a country wants to provide entrepreneurship, it is not enough to

reform the school system. Even agricultural reform, credit reform, training
facilities and the like are not enough. What appears to bte most important is
precisely what is most difficult to achieve: a major overhaul of attitudes,
incentives and economic structures to provide a setting in which entrepreneurship
may flourish, In ct%her words, it requires a reorientation of the values of the
society and & form of economic organization which confers high status and reward
on the person of initiative. The reward need not be financial; it can take the
form of recognition and acclaim, What is important is not whether entrepreneurs
are rewarded in money or in kind, but that society should recognize the positive
value of entrepreneurship. ;9/

Training for management

-

137. In most African countries, the growth of the formal sector has meant
rapidly rising demand for management skills. Nowhere is this more obvious than
in the public sector, for three main reasons. Firstly, government is the largest
single employer in most countries, and its decisions affect a large proportion
of national resources. Secondly, the rapid growth of public employment over

the past decade, the shift towards State enterprises and the need for rapid
indigenization of senior positions have meant that middle and senior posts have
been available to relatively young and inexperienced parsons. A lack of on—thew
job experience among many public sector managers has created a need for more
training courses designed to teach management skills. A final point of eritieal
importance relates to the low levels of productivity in the civil services of
many countries. Governments are increasingly aware that the almost total
security of public employment and the system of more or less automatic promotion
after entry tends to induce people to seek work in the public sector but does
not provide similar incentives for better work after having joined the service.
The quality of management at the top is often cited as the critical variable
capable of improving general standards of public service, in terms not merely

of monitoring performance more effectivcly but also of se’ ting more exemplary
standards of work and commitment at middle and senior levels.

138. For all three reasons, there has been rapid growth in the number of
management training courses provided in Africa over the past decade. #ost of the
larger countries now have public service management training institutes

providing a range of courses designed specifically for public sector needs; and
some of the smaller couniries offer similar training on a cc-¢psma.ive basis.
Morecver, many African universities now offer undergraduate and post—graduate
courses in management and administration, and a range of certificate and diploma
courses are also available in technical and commercial colleges. Because of the
rapid expansion of recent years, there are few systematic evaluations of the
effectiveness of these efforts in formalized management training, although their
recent rate of growth suggests that most Governments view them favourably.
Nevertheless, it remains true that managers learn as much by working with
experienced colleagues in a well-organized work environment as they do from a
formal training course. It is as easy to learn bad work habits as good ones,

and for that reason the existing work environment may be critical to an improvement
in the quality of management in the public service. Consequently, on—the-job
training will remain an essential complement to formal training for management
development.,

30/ Ibid., p. 105.
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7. OBSTiCLES /ND BODTLE-NECKS A

139. In Africa,: uovelOpmunu 18 bhampered by a host of obstacles and bottle—necks, the
identification anc elinination of which are an essential prerequisite for progress.
General obstacles and bottle-necks, which cut across several or all seotors of dovelop-
nent, include thc follow1ng. -

(2) Lack of political will in implementing science and technology programmes;
(3) Lat): -of appreciation for the rolc of science and technology in development;
(¢) Inadecuacy of resourccs;

(4) A large fraction (hglf or more) of the deveIOpment cost relles on foreign L
exchwnge, anl th1° lo not always reaq1ly avallable,

(e) Equlpnent received from different foreign suppliers is often mutually
incompatible. Further, suppliers do not make adequate provision of spare parts for
gubsequent maintenance;

(f) Lrw literacy, which slows doum the absorption of science and tééhnology;

(5) Inadecuccy of technical manpower, ovidenced by the low lovel efflclenoy and
unsatisfactory maintenance of equipment;

AR

(h) Resistence to change, especially in'rural aregs;w;vgﬁ“

(i) Prices of réw.materials - the bulk of African countries! exports - compared
%0 »rices of magufaotureq produgfg,» the bulk of their i@pqrtgi.

(;) Inadecu te planning machinery a1 poor co—ordinat;§;7é;;;g’programmes;

(E)"Inadecuate harmonization of investment with sciéhce#égdiiéohﬁoloé&-activities;

(&) ;nsufflclent surveillance of rural and urban needs,

() Unbalenced distribution of development projects in favbur of ﬁrﬁan'areés;

(3) Low productivity arising from traditional patterns of production;

(o) Insufficiont promotion of local entrepreneurship;

(2) Prevailing patterns of international aid disbursement.

In addition there are obstacles ~nd bottle—necks which are gpecifio to oertain
gectors. The following paragraphs indicate obstacles in eight areas. The areas_have
beoen selected because of their special importance in Africa. :
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Ae Institution building

140. The establishnent of institutions is of vital importance for the effective
utilization of scicnce and technology for development. ;l/ In this area, problems exist
in the following arcas:

(a) Leadership: Inadequacics arise when the leadership of existing science and
technolsgy institutions lacks proper training and relevant experience, or changes
Frequently;

(E) Programmes ; Implementation suffers fronm poor planning, weak co-ordination

- ——

anc indifferent supervision;

(g) desources : Financial, physical, human, technological and informational inputs
to institutions for science and tochnology are very often inadequate;

(d) Structure: The structurcs of institutions and the processes established for
their operation and maintenance are not sufficiently streamlined, and often give rise to
practical difficulties; '

(e) Linkages: The linkages, or exchanges, among science and technology institutions
and their environments are weak, Wealmesses exist in:

(1) The cnabling relations with entitics that control the allocation of
rcsources needed by the institutions;

(ii) The functional relations with organizations which perform complementary
functions and services as woll as those which supply the inputs and use
the outputs of the institutions;

(iii) 'The normative relations with organizations which incorporate norms and
values relevant to the prozrammes of the institutions;

(iv) The diffused relations with the public and elements in the society
which 2anns# be elearly identified by mcmbership in formal organizations;

(f) Number: iinally, the number of ocxisting institutions for science and
technology is not sufficient, 32/

A

él/ Sce fAmy Go Mann, ed., Institution Building: A ileader (Bloomington, Indiana,
Programe of Advanced Studics in Institution Building and Technical Assistance Methodology,
1975), for full treatuent,

32/ Ivids, pp. 17-18,
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B, Education and training

141, Advancemen. in the area of educaticn and training for the application of science
and technology to deve10pment 1s impeded by the following obstacles:

(a) Resources' &vallablehumtn,flnan01al and physical resources are gro xsly
1nadequate when matched against the prosrammes needed for expansion, restructuring and
extensive demccratization of the educational system;

(E) Planning: Plans for education and manpower training show the follcwing
defects:

(i) Lack of policy explicitly spelling out the order of priorities in
national educational and manpower requirements;

(ii) Only perfunctory attention given to the factors and megniiudes wh.ch
need to be considered during planning, as well as absence of preciricn;

(14i) UYeak co-ordination, indifferent superv131on and general lack of ewvalia~
tion and monitoring of programmes of act1v1tles,v

(iv) 1Incomplete inventories of available manpower., and inefficient deplirmant
as well as unders=utilization of personnel;

(v) Lack of integration with national plans for over-all dcvelopmom%;
(¢) Gurricula: Existing curricula arc frequontly inappropriaie 10 LTri

circumstarces and recuirements - an- agpect of which is reflected in ihe laczk
of science and technology teaching in educational systens;

(g) Environment: The majority (over 80 per cent) of the people live in rmwal
areas, which mal:r 3 universal provision o” education especic ly difficult;

(e; Attitudes: Some resistance and discriminatory attitudes regarding, fer
example, the ecucation of wonmafl, constitute barriers to advancement; :

(f) Brain.drain: There is considerable migration of highly skilled and direly
needed manpower to developed countries.

C, Transfer, acdaptation and development of technology in ufrloa

142. The obstacles which require action at the national, revlonal and 1nternat on
levels include:

(a) Lack of clearly formulated policies for science and technology;
(D) - Lack of adequate scientific and technological infrastructure;
(c) Lack of criteria to govern the choice, transfer and adaptation of technology;

(d) Lacl: of information and expertise to evaluate the technology to be transfer:ied
and the best means for its acquisition;
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(e) 1Insufficiency of entrepreneurial and managerial skills;

(f) Reluct:.ice of those transferring technology to provide information on
technolonical advances and new technology and to complement that information with
adequate technical services and assistance;

( ) Lack of an adequate legal framework within which the parties to a technology
transfer transaction can determine their respective rights and obligations;

(h) Lack of information and skills to deal with the many legal aspects of
industrial property and licensing and tochnology transfer agrecements;

(i) Scarce financial resources to exchange for technology;
(j) Dependency of the productive sector on imported technology;
(k) Lack of machinery for evaluation of technology alternativesj

(1) Lack of machinery for the identification of tochnological needs in the light
of the objectives of economic and social development;

(g) Lack of adequate information systems in science and technology;
(n) Lack of extension services;

(g) Lack of internal capacity for the choice, adaptation and absorption of
technology; :

(p) Unpackaging of technology;
(g) Technologies tied to foreign aid;

(r) Inappropriate programmes for education and training of personnel in science
and technology;

(g) Inadecuate communication between neighbouring countries, and, within any one
oountry, between scicntists and technologists.

D. Food and agriculture

143, Problems exist in the following categories:

(2) Heather: There is almost total dependence on natural weather, with the result
that dolayed, early, excess or inadeguate rainfall creates problems. In particular,
countries within the Sahel region face problems arising from drought and desertification.

(®) Mecthods: Prevailing agricultural practices are not only inefficient, but also
qulokly degrade the soilj
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Qz) Crop yields: Crop yields per unit area of cultivated land are exceeding low,
leading to scrious nutritional deficiencies;

(g) Productivity: The productivity of labour is diminished further by low yield
rates of traditional crops;

) (g) Crop losses; Considerable losses (over 30 per cent) ;;/ are caused before,
during and after harvest by insccts, animals, plant diseases and poor siorage methods;

(£) Tochnology: In developing countries, agricultural technology has to be
labour—intensive, while in developed countries it has become extreimely labour-saving,
implying that modern technology cannot be taken over as directly in agriculturc as in
industry. Adjusting agricultural technology to factor proportions in devoloping‘cduntries
raises financial and personnel demands far in excess of available resources;

-(5) Incrtias ifillions of pcasants must be induced to use new farming techniques and
to raise the level of their technology, which requires a major cducational cffort;

v(g) Land tenure: Sharecropping and other forms of land tenure are conducive
neither to technological changes nor to increascs in the quality and quantity of
?gricultural labour. Tand reform aimed at equitable redistribution of land is necessary
in some countries, cven though this is likely to be resisted by the land-owning classecs;

) (i) Habits: :'ceding habits are so deeply entrenched that difficulties are encountercd
in efforts to introduce ncw varicties of crops and other types of food even when the new

varietics are more nutritious and have higher yield rates than traditional varieties of
food; :

(i) Resources: Properly trained manpower (especially agricultural extension workers
financigl provisions and institutions for inducing change in this area are generally
iradequate.

(k) Distribution: Inadequate and poorly organized mechanisms for distribution of
available food; .

(l) Exports: Too much emphasis on the production of unprocessed export cash crops
and inadequate emphasis on the production of food crops:

(m) Prices: The vagaries in the prices of export crops are unpredictable;

-(2) Development projects: Lack of integrated agricultural development projects;

(g) Livestock: 'Shortage of water and pasture for livestock and the prevalence of
enimal diseases,; as Well as inefficient fish farming techniques.

E. = Housing and urban development

144, The provision of decent and cheap housing as well as the development of urban centres
are impeded by a number of obstacles and bottle-necks which include; - LR

(g) Rapid growth of the urban population: This is a threat to orderly growth,
as it leads to overcrowding and lack of the most elementary amenities;

- ao—

}}/ Je McDoﬁell, "The village technology cohponent in primary health care systems"
(o paper prepared for the UNICEF Eastern Africa Regional Office), D.3e
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(b) Problems of land tenurc;
(c) High cost of construction;
(4) Lack of an adequate local building materials industry;

(e) Lack of » comprehensive policy for co-ordinated efforts in tho dévelopment
of the building materials and componcnts industries;

(£) Lack of an efficient and vigorous indigenous construction industry;

(g) Technical and organizational defocts in the building and construction industry
which impede the economical use of morc productive mecthods;

(Q) Lack of standardization and modular co-ordination of structural and non-
structural components;

(1) Problem of housing designs, which are conceived with imported materials in
nind; -

(j) Lack of building regulations and specifications cstablishing the use of new
materials and techniquosj

(k) Lack of 5uilding materials rcsearch;

(1) Shortage of technical and managerial cxpertise;

(m) Problems of settlement planning and. development;

(n) Problems of urﬁan transport: fréfficbcongéstion, inadequate and inefficient
public transport systems, lack of parking facilities, narrow roads, lack of transport

planning;

(o) Problems of the urban environment: Waste disposal, pollution (air, land and
water), overcrowding; .

(p) Prcblem of repair and maintenance.

de Health and sanitation

145. In Africa, malnutrition, as well as communicablc and parasitic discases, continue
to exact a heavy human toll, especially among infants and children. Problems exist in
the following categorics: o

(a) Accesss Lergc scctions (70 to 80 per cent) of tho populations have limited,
and at tlnes, no access to public hcalth centres; 34/

(b) Cowumunity participationt To achieve wide coverage of the population, health
programmecs, which should emphasize prevention over curc, must mobilize community participa~
tion on a self-rcliance basis;

34/ Primary health care (Afro technical report Noe. 3) (Brazzav1lle, WHO Regional
Office for Africa, 1977), Pe2.
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(52 Notrition: Melnutrition arises from deficiencies caused by insufficiency
of food and also by bad feeding habits;

(Q Traditional mediaire* Althengh widely used, this branch of medicine has yet
to be integrated with modern medioine into a comprehens1ve health service. Such integra~
tion depends on active research into, and properly documented findings of, the scientific
besis of 4:cliticnal meédicine. Efforts in this direction are in hand in some African
countries and should be encourasged and expanded;

(e) Attitudes: Superstitions regarding the nature and origin of disease and
death still prevail, easpeoiallyin rural areas. Health programmes (such as primary haclth
care) therefore are not understood. Often they are not accepted and sometimes are evcn
resisted;

(f) Discases: Six parasitic diseases especially plague the lives of people in
Africa - malaria, trypanosom1a81s, schistosomiagis, filariasgis, onchocerciasis and
leprosy,

( ) Personnel: The number of medical doctors and sanitary engineers is very
inadequate. They must be- supplemented with "extension" or front-line workers. The
approach in some African countries of developing cadres of trained paramedical personnoli
1o opcrate under the guidance of the few professionally qualified personnel needs encouragc
ment;

(g) Resourcest Financiel provision and hospital facilities are grossly inadequetc.

G. lransport and communications

srN

146. The réle of efficient transport and telecommunications services in the social anl
economic development of a nation ¢annot be over-emphasized. Uhfortunately, in Africa,
the development and operation of these services are seriously hampered by a number oI
obstacles. Some (. these are:

(2) Deficiencies in the transport and telecommunications infrastructure;

(b) Handlcap of land-locked countries due to poor access to ports in neighbouring
oountrles,

(c) Lack of over-all transport plannlng and development at both national and
reglonal levels;

(g)"Lack of proper maintenance of transport networks and equipment;

(e) Lack of adequate terminal facilities;

(f) Lack of adequate and standard transport equipment;

(g) Lack of standardization of transport network design and carrying capacity;

(h) Irregularity in the operation of transport services;
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(1) Lack of expertise and manacement stills im transport and telgconmqnications;
(1) Poor nat’onal and reeional telecommunications networks;
(k) Shortape of telecommunications spare narts;;

(1) Inaderuate phySicalifacilities, skilled manpower and~e§uipment manufactur-
ing facilities;

(E) Limited resources and inadequate funding;

(n) inefficient poft operationé, leadingvto nort coﬁyestion;i‘

(g) Inadequzcy of national, suhresional and regional shipnine comvanies;

'qp Lack of growth ;nd efficient manacement of nationallshinnino lines;

(g) Reliance on foreign shipyards for ship design and construction and repairs;

(r) Lack of a.reg ion—-wido transnort network linkinr roadq, railvavq, inland
waterwvays and air qrrvivas‘
() Inadequz:v of multinational airlines;

(t) Securing ovmership of user rights in the manufacture of transport equipment
both for construction and for carrianpe;

(u) DRasic technological protlems such as differences in the technical specifica—
tions of railwavs, develonment of modern road construction and maintenance services
~% suitable cost,. imprcvenent of the navieahility of inland waterways, and development
of technolcries for the most efficient handlineg of carso at modal interfaces;

(3) Lack of harmenization of doﬁestic, inter-African and other international
traffic:

(1) Luck of ex¥iclent airport services and facilities;

(x) Low density of African railvavs (some countries have no national railway
cr section of internaticnal railwav);

(z) Poor malntenznce of telecomﬂunications networks and equinment;

(z) 1Inadeqrate multinational co-oneration in the development of river basins and
lakes;

(aa) TLack of indigenous research and develnnment activities in the area of
transport and telecormmunications; : :

(bt) . Problem of construction methods; - =

(:2) TLack of storage and parkine facilities for merchandise and perishable produce,
which must await collection bv agents or trans-shipment to other destinations.
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H. Natural resources

147. The problems in this area are as follows:

(a) -Natural resources are not well identified and exnloited;

(b) Problems of calibration and maintenance of an increasing rance of delicate,
complex and expensive equipment for exnloration of natural resources;

(c) Limited canability for design, manufacture, repair and maintenance of
requisite structures and equipment;

(1) Activitles in mineral resources research and exploitation are oriented more
to export production to satisfv the needs of consumers in other countries than to the
needs of national economies:

(e) The sreater vart of the Fnown mineral wealth is exported out of the continent,
and too little is actually used for local consumption or for intra-African trade;

(f) The problem of eneray develonment is very complicated, encompassine important
technical, industrial and peneral economic asmects including the necessitv for 'a full
survey and evaluation of all availahle fuel, hvdropower and other energv resources which
reqvire geological and hydrometeorological studies;

(g) Technical problems in the development of non-conventional sources of energy;

(h) Lack of technical and manacerial capabilitv in the transmission and distribu- |
tion of energy to consumers:

(i) FHigh initial investment for power stations;
(4) Prises in oil prices (In U'ganda, for example, therea was a 22 per cent reduction
in 01l consumption between 1971 and 1275, but expenditure on oil over the period neverthe-~

less rose by 338 ner cent.);

() Insufficient subregional and resional co~operatinn in the development of
hydroelectric and other types of energsy.
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by

"V, METHODS FOR IMPROVING SCIFMCE A'TD TECHNOLOGY CAPACITY AT ALI. LEVELS

A. Levelopment o7 criteria for the choico, transfer and ad”~tation of technology

1. The state of technological dependency 22/

143, The capacicy of a scciety to create, assimllate, improve and adapnt scientific
and technological knowledge and to use it effectively in development is based on three
interdependent elements, Firstly, there is the knowledge to which a society hes
cccess; this knowledpe, defined in its broadest sense, encompasses "'tC Know wiay, %o
know how, to know why", Th:z second element is the availability of people with the
capacity to understand and use the krowledge productivelv in development activities.
And the third elema2nt is the structure and efficiency of the institutions concetned
with the development and application of scientific and technolopical knowledge. This
third element congists of: '

(3) Centres that generate or assinilate knowledge (R and D institutions, sc¢ience
and, enpineerinﬂ departments, etc.), and those that disseninate knowledpe (consultancy
fixms, information services, extetit.lon services, etc.);

{b) Uscrs of such knowledge (production enterprises, consulrancy organizations,
cte, ) #znd their functional 1inks wvith tHe centres mentioned 1n (a),

(c) The inetitutioral and legal fram'vorn or syatem, predcminantly in the
governli:nt seiior, whose fuaccions include the eStablishment’ of priorities, the alloca-
ticn of rgeources and the regulaticn of, or direct par ticipation in, the interactions
betveen the factors mentioned udder (a) ‘and (b). i ‘

148, The abscicc of thesa complex structures in most of the countries in 'Africa has
Led to murked technolosiczl dependence, with cerious economic repercussions., The: -
synptone of thls dependence are, arone other things:

{a) The amcuu.t of 1rportcd knowledge in relation to the production needs of
the Q:rican repion'

/by The nend te Import thic Wmowledrn, nct as a result of selection based on
relative efficiency but as a tLer oF shear necessity,

(c} The one-way nature of the flow of kncwledge rcsultinp from the lack of
spectailzetion on the part of the developing countries in the development and manage-
ment cf such kaowledse,

150, The efiects of the unsatisfactory relationship with other countries as regards
technolopy are loes of control over decision making in programming, production and
marketing; the frequent import of inappropriate technology; and the weak negotiating
vowe* of member countries in the purchase of technology.

e S st e et . .

35/ This section draws extensivelv on Andean Pact Technology Policies (Ottawa,
Interpational Development Research Centre, 1976), chapter I, pn. 7-11.
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151. The causes of the present situation have heen discussed ir earlier chapters and
must be understoo:d within the general context of “he constraiats. .t~ devclopment.

Seme of the caugses are related. to policies or the lack of nolicies for science and
te.nnciopy in African. countries, and these contribute heavilv to the scarcit ty and
fnefficiency of the use of knowledge in nroduction activities. Twn of the most
importani are the orientation of technoloeical development efforts and the way the
\{rican ccuniries at present import technology.

.{a) Orieniation of tcchnological development elfcric

.

152, .. .The scientific and technological activities carried out in the African countries
havgtbeen ccencentrated on the natural sciences and basic resezrch, which, although
irportant, do not cover the whole spectrum of the components of techneclozical ‘develop-
ment required to satisfy socio-economic needs. More than 70 per cent of all research
personnal in the universities or centres that carry out resesrch aré in the natural
2:d medical sciences; and less than 17 per cent are engaved in indus tfiul research,
143.\ As a result of this and of the relativelv lovw ap epate demand for local
to"hrclopv oripinating in production activities, two types of drain drain are occur-
ring in the region; an "external brain drain" whereby. some of the be 5t scholars that .
the -Z8S, rion can produce :are.mieratine to the advanced countiies, and an "internal
brain drain due to the enployment of profegsionals In activities 11tLle related to
the technclo?ical development effort. The present state of zffairs cannot be improved .
slﬂy Ly by increasina funds for scientific and technological activ1t4es, even though
they age at.present insufficient, It is necessary.to a2ttach rore importance to where
guch funds are spent; to developing the capacity of the neonlc, evte'w*ivc and institu-~
tions that utilize scientific and technological knowledge to sclve national development
problens; and to the specific consideratiion of scientific -and technoloaicol inputs by
thore who plan economic and social development policy. :

(b Import of technologg

15%. The lack of internal technological capacitv has resulfed in the import of a -
conaiderable amount of foreign technolosy. A key feature in mest of the countries 1s
the "patkaginz" of knowledge, which has the effect that the tacknical inventive
capghilities of the countries are displaced or do not dcvelcp. In ed‘ition, the
covrity i innovate Ly creating a synthesis of different technoloains i ¢lil they
becone appropriate for local production piocesses is aiso displiaced., Consequently, .
foreign technolooy is applied without heinc absorbed by the Internal technological f,;,
infrastructure. o

155. The use of imported knowledge has several effectu. In the first place, it often .
1gnor€s the internal factors of production and resources availsble lucally. The v
increalés (if any) in’production achieved with inappropriate techuologyv tend to con-
£14ct with certain basic development objectives, such as the level of emplcyment.,
Likewlse, the export of products manufactured with imported technology (essential to
intcgratins the national economies with the rest of the world) is severely restricted
by the terns under which technology is made availablet' ‘Moreover, tnhe need to import
saential knowledpe from abroad, when added to the ptespnt patents avetem, leads to
econ-mic and even political power being concentrated in forelgn centres, whose
objectives and interests do not necessarily coincide witxﬂtho«c of the reninient
counttries, ' '
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156, In addition, there are many direct economic costs resulting from the high
degree of dependence on foreign technologv: for example, explicit nayments for
technology (royalties for licences and patents) and indireot paynents for capitab
goods (whose purchase is often a condition of the sale of the technolory).

157. All the above factors have created heavv technological dependence that holds
back the development process in most African countries. As a result, Africa must

bear a high opportunity cost in a factor that is critical to growth: the mastering

of sclence and technology and their application in production activities. Internally,
this indicates that urgent needs are going unfulfilled. FExternally, Africa maintains
this dependence and exchanges products that have a small added value for those complex
products that involve paying for sophisticated production factors that enjoy monopo~-
listic profits.

2. Problems in the choice and transfer of technologsv

158. Tor most African countries, the most difficult of the problems connected with
the transfer of technology is the initial one, namely the selection of what technology
is needed. A technology which is suitable in one environment is not necessarily the
best for another. A country develops technology mainly to suit its own internal
market conditions and needs, and not necessarily for exporting it to other countries,

152. Organizations that have developed significant new technologies are very
reluctant to license them except on very profitable terms, Even if these terms

are met, the advanced technologies mav not be the most appropriate for a particular
developing country. The developine countries, and African countries in particular,
are at a rsreat disadvantage in selectins what technology to acnuire through licens-
ing. F¥irst of all, the technologies of the developed countries are not specifically
geared to the conditions prevailine in the developine countries, or if they are, it
is only coincidental. Also, the developing countries do not have the necessary
infrastructure for studyins and evaluatin~ the various technologies available; and
most of the time they do not even have the information on wh.t technologies are
avallable for a particular job. An organization tiying to sell its technology to a
developing country will only rarely oive such complete and unbiased advice that a
proper selection of technology can be made on that basis alone. Verv often the result
of ohtaining advice from such an organization is that its technoloay and the services
of its experts are bought.

160, Manv develoning countries lack the necessary eroertise even to select their
advisers properly, and it is not simnle to choose an independent and impartial
consultant to advise on the selection of technologies. The handicaps are many.

The consultant himself may be unfamiliar with the background, the infrastructure

and the social conditions in the developinz country. Also, his advice is conditioned
by the experience he has had and the expertise he has gained in the industries with
which he is familiar.

161, Fven when the necessary infrastructure exists in a develeping country for
evaluating technolopies, many other bandicaps have to be overcome if the best

choice is to be made. The Government itself may not have laid down proper criteria
for selecting technologists. In many countries, policies for achieving hisher

livine standards have not been laid dovmn clearly or spelt out in sufficient detail

to ensure the selection of appropriate technolopgies from other countries. Furthermore,



alfred.morales
Sticky Note
None set by alfred.morales

alfred.morales
Sticky Note
MigrationNone set by alfred.morales

alfred.morales
Sticky Note
Unmarked set by alfred.morales


51

the concept of appropnriate technologv is not always understood, and even if it is,
its implementation is often inadequate. As a result, inapnropriate technologies
are often selected.

162, Another major problem 1n the choice and transfer of technology is that some
technologies are tied to foreign aid. A developing country has little leeway in the
selection of technology for a particular nurpose when the technolocy is tied. The
choice, then, is restricted to the technoloaies available in the developed country
offering the aid. 1In this way the concent of appropriate technologv, the terms on
which such technology is transferred, and the leverage that will be exercised by

the developing and the developed countries on.the whole transaction are all influenced
by the aid that is offered.

163, Separation of technology from ai-d would be desirable. The developing countries
would then be more likely to choose apnrooriate technology, since they would be in a
better position to assess all the technolopies available irrespective of their sources.

3. Factors to bhe considered in chdbsinﬂ and importine technologies

164, Notwithstandins national and regional efforte to create technolopy, tech-
nological resources for the socio~economic development of African countries will

for a long time to come depend on technolocical imports. FEven in the more distant
future, it may still be advisable to exploit the technolopies available on the
international market. This is because the nee? to develon new technolosy at an
ever-accelerating pace has led to a ranidly arowing international exchanre of technical
knowledge, which would help to avoid duplication of efforts and to reduce the tremen-
dous costs which now fall on the recinient industry or countrv in technology transfer
transactions. :

165. But in order to pain maximum benefit in acquiring .technologies developed
and already used successfully elsewhere, the African countries will need to
follow certain gu.delines in the exchari~e and transfer of technical knowledge. A
few principles to be followed are:

(a) The technology to be provided should be appropriate to conditions in the
acquiring country. In some cases, this mav mean that the latest and most advanced
version should be nrovided; in others, simpler or more labour-intensive versijons
would bhe more suitable;

(h) The proprietor should be oblired to provide, and capahle of providing,
the needed trainins of key personnel in the developing country. Some of this
training mav be given at the headquarters of the proprietor, where the trainee
can better appreciate the scope of what ic involved. PRut the preater part of such
trainine should take place in the acquirin~ country, where the proorictor's instructors
can see, at first hand, the best way in wvhich the licensed technoleev can be adapted
to local conditions; :

(c) The imported technology should ﬁtilize, as much as onnssible, local
resources, includineg raw materials, lahour siils and supervisory nersonnel;

(@) The activity should make a contribution to the economy of the acquiring
country that 1s sreater than mere import substitution. Thus the possihility of
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producing exports that will earn.a substantial amount of foreign exchange should
be a goal. 1In this connexion the existine interests of the proprietor in some of
the potential export markets should be taken into considerationj

(e) The import of the technolorv should have some positive side effects
such as encouraging the growth of certain local supportine or supplying industries.
On the other hand,: such technology should not tend to destroy any cultural,
historical or ecolofgical situation existines in the acquiring countrv that should
be preserved. 36/

166, Finally, it should be mentioned that licensing agreements with organizations
and enterprises in African countries should contain provisions that can accomplish
the transfer of technology efficiently and without creating areas of uncertainty
that can hecome hases for future disagreements. Even if the recinient entity is

a joint venture, nartly owned by the proprietor, it is wise to definc clearly the.
conditions of the technology transfer in a formal agreement. Such an agreement
should define the technology to be acauired or transferred, describe the territory
and the degree of exclusivity, provide thoroughly for the technology transfer and
training, tailor production to the capabilities and needs of the acquiring country,:
install strict quality control procedures, provide for a local research and develop-
ment prograrme an’ establish effective reportinn requirements hetween the parties
concerned. 37/

4. Procedure for adaptation of imported technblogies §§j
167, The mode of technology transfer can te classified into two major catesories:

(a) DPifferent technological elements apnear as a vackage and thus are
negotiated as one complete unit, which also comprises foreirsn provision of other
services, equipment, financing, etc., to enter the productive process as a larger
package. Yere the user has no direct access to the different parts of the imported
technology and consequently cannot assimilate, adapt: or improve them in keeping with
his own needs. As a result, the opnortunitv to make use of imported technology as
an instrument for one's owm future technolopical activity is not provided. This is,
in general, the present mode of transfer of technology as applies to most African
countries the technology is neither ahsorbed nor assimilated, but is merely super=
imposed on the acquiring country's productive process;

e ————————————

36/ 'National approaches to the acquisition of technoloey" (Iﬁ/187),
pp. 85-86.

37/ 1bid., np. 86-87,
38/ This section draws extensivelv on Technology Policy and Economic

Development (Ottawa, International Develonment Research (entre, 1976),
chapter VI.
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(b) Technolopv is acquired element hv element: first, the technological
packape is separz "2d from the rest of the project components (equipment, financ-
ing, capital contiibutivas, cte.), wad, Socoandly, the tcchnoloeical package
itseif is broken up into its different elements: basic process licences, basic
desipns, detailed enpineering, specific engineering services, technical assistance
for starc--up and plant operations, etc.

16%, Such a breakdown of technolosy into its component parts allows for the most
comprehensive transfer of knowledse, not only because of the nature of the informa-
tion transmitted, but also because of the greater need to adapt the manufacturing
processes and products to the conditions prevailing in the recinient country.
Accordingly the supplier is compelled to undertake adjustments that will entail
research and development and thus gradually nromote the evolution of technology in
the recipient country.

162, Unfortunately, in order to accelerate the development of local manufacturing
activities, most African countries have resorted .to importing the various tech~-
rological innuts as packages, with the consequent negative repercussions on tech-
nological development and on the economic nrorress of Africa as a vhole. The
acquisition of vpackared technology has four main consequences:

(a) Supnliers have monopolistic power since the purchasers cannot obtain
part of these inputs from other sources., Thus the purchaser's relative bargain-
iny power weakens and higher prices are naid. Furthermore, the import of packages
makes it difficult to evaluate and nerotiate the best adaptations to local condi=-
tions;

(b) The packase acquired often includes technological components and other
inputs that could he found or produced locallv. This reduces the potential demand
for several domestic activities — not because these would lack efficiency or avail=-
abiiity, but becs-se of the ties within t™e imported packace;

(c) The import of a package impedes proper understanding of its parts. It
further obstructs the adaptation or improvement of foreign technology, and thus
restrainus the deveclopment of domestic technology;

(d) Finally, the essence of a packace includes the additional capacity to
combine the different copnitive elements. This faculty constitutes a special
innovative capacity needed to translate different types of knowledge into eco-
nomically feasibie or socially useful processes. It follows that under the
peckare deal, an importer lacks the incentive or even the need to develop his
own capacity for combining and applying this knowledge i productive activities.

170, It is clear, then that one of the first steps in the adaptation of tech-
nolopy 1is the unpaclkaging of technolosy. This may take place in several ways:

(a) Rreakdown into core and peripheral technologies. The separation of the
technology packape from the rest of the project's components and the breakdown of
the package into its main technolopical elements identifies two main types of tech-
nology or technological service: the core and peripheral technologies of a product
or process (see table 10). Core technolocies correspond to that body of knowledge
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that is inherent in, and specific to, a proiect, product or process. This type

of technolory is seen in basic process desisns, general eou:pment or product
spacifications, operaticn or performance data, protctypes, pilot plant data and
certain types of enrineering designs pertaining to products or processes,

Peripheral technologies correspond to a hodv of elements of knowledge non-specific

to the manufacturing of a product or to a process but needed for application of

the core technolofies in producing goods, service activities, or even in the gemera-
tion of further knowledge, They relate to engineerins services that are not specific
to a process or product and may be common to various projects such as calculations
in different areas of engineering: soil, foundations, structures, civil, electrical,
mechanical and others. They also relate to detailed designs of production equipment
based on data contained in the hasic process engineering, which in turn belongs to
core technology;

(b) Breakdown of a project into different phases, which include:

(1) Conception and preparation:of a project (such as feasibility
studies, evaluation and selection of inputs and supnliers, bargain-
ing, etc.);

(ii) Construction and start-up of a nlant or project (such as knowledge
about basic engineerins or rrocesses to he used, ahout desipgn and
detailed engineering, architectural and construction engineering, eqiip-
ment gelection and installation);

(iii1) Production (such as hasic process technology management; physical,
chemical and mechanical features; internal material tramsport cystenn,
aquality control, etc.);

(c) Breakdown according to different units or prccesses or operations, which
may or may not bhe included in each of the aforementioned phases. For example, an
activity like the chemical or metal-working industry might include unit cperaticns
for storage, heatine, annealing, blendin¢e, cooling etc.;

(d) Breakdovm of intermediate components or components of a product. In
terms of local production this concept is generally described as the "‘desree of
vertical integration" of a product. For instance, in the assembly of a car there
are: chassis, engine, and within this, valves, senerator, distrihutor, etc.

171, PFor any proiect, product or component, a company or country mav choose the
degree of breakdovn it considers feasible according to the different phasss in
its execuvtion as well as according to the corresponding processes or operations,
The combination of these two factors and their evaluation eventually determine
which of these phases it is economically feasihle to perform inside the nlant,
which may be carried out or purchased nationally and which must he acaquired
abroad.

172. As concerns the successful unpackacine of technology, first, the act of
unpackaging or disasaregating profects needs to he undertaken by aualified
personnel, and the information generated can be utilized by various types of users.
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The depth and degree of the process of disaggregation will depend on the complexity
involved in each level as compared to the cavmahilities of the users.

173, The act of synthesis or of combinin~ the segrepated elements so as to
undertake a productive activity will often reguire more qualified capabilities

than those necessary for the segregation nrocess. This capabilitv of svnthesis
can be elevated in a proner irnovative activity and constitntes a necessarv element
for the technoloailcal develorment of a society.

174, The immediate consequences of the unpackaging of technolocv are: improve~
nent of the bargaining power of the user at the time of importins the technology
{(leading to savirnps in foreign exchanpe)' the peneration of engineerine services
such as consultine engineering (selection and breakdown of technolocies, feasi-
bility studies, etc.), service en~ineerine and back-up of design details, selec~
tion and supply of equipment, construction, ‘supervising technical assistance in
operation, etc.; a gradual repional orientation with respect to handling of
contracts for certain technologies, which will have the important effect of preater
participation of local equipment and sucplies; the trainine of the user in the
afficient handling of the fechnolopical factor in the productive process, which
means he can hegin to ass/milate the technological elements; as a consequence of
this last factor, the user may provressiVelv come to know, in depth, the nrocess
and the purchased product and will thus he able to understand’ the essence of the
technolopy which he uses and which he himself has separated from the rest of the
technological package. . .

275, To progress from the independent application of imported technologv to the
next phase, which is the peneration of technology by adaptation, modification or
creation, requires the development of the professional groups that will eventually
be in charge of handling the technolorical factor in their institutions or manu~
facturing companies. These groups can he dravn from applied research laboratories,
planning and development departments, enrineerins and p*oductivitv departnents, etc,
It will also be necessary to call on snecialized technolopical development services
as offered by research institutions that would have to progress simultaneously in
various fields, once the breakdown, assimilation or adaptation of the’ imported tech-
nologies has started.

3. Develogment of national policies for effecting techmnlosical change 39/
176. A national technoloey policy should 1nc1ude a set cf vuicelines for action
and criteria for decisions. These should ensure and regulate the constructive
incorporation of technologv into national »lanning and development.

39/ This section draws extensively on Andean Pact Technology Policies, op. cit.,
chapter II.



alfred.morales
Sticky Note
None set by alfred.morales

alfred.morales
Sticky Note
MigrationNone set by alfred.morales

alfred.morales
Sticky Note
Unmarked set by alfred.morales


56

177. The specific ohiectives of a national technolocy rolicv are to strensthen the
capacity to 'select and aoply the technoloeical solutions most suitakle for national
~velopment, bearin~ in mind prevailine economic and social conditions in the conntry;
and to overcome <oracdually internal and external technolosical constraints that affect
freedom of decision mal'ino in national Jdevelonment,

178. It will ke nossikle to ohtain these ohjectives onlv to the extent that each
A{rican countrv adonts policies at the natinnal level incorporatin~ the fallnwing:

(a) Planning of technological activities, particularly those directly related
to economic activities;

(b) Establishment of measures to stimulate the creation of technoloey in the
country; . .

(¢) Evaluation and selection of imported technolofy;
(d) Incentives for generation of indigenous technolopy;
(e) Technological information and documentation services;

(f) In the field of R and N, the establishment of management procedures for
selecting projects, monitoring the research process and evaluatine results.

(g) Priority areas

(i) Areas of social interest

179. Mo national technological development effort can encompass the entire range of
modern knowledse, The average standard of living of the vast majority of Africans,

which is currently low compared with other regions of the woirld, necessitates select-

ing and focusing on problems related to nutrition, health and hongius. Similar
considerations lead to importance being attached to tte effects of technology on
employment. Social considerations and emplovment problems underline the importance

of technological development in relation to the promotion and improvement of agricultural
activities. : '

(i1) Traditional exports

180. Another priority task would be the improvement of the competitive standing of
traditional exorts.

(b) Strategy

181. A technology policy that seeks to attain the above ohiectives should act
simultaneously on two specific and interdependent fronts, which broadly stated are

the development and commercialization of technolosy and the assimilation and proper
management of technology by potential users. These two areas require the backing of
certain ‘auxiliary activities, which complete the different elements of technology

policy. Among these the role of information and documentation services must be stressed.
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(c) Institutions 40/

182. To attain a11 the above policy ooals, there 1s a need to create comprehensive
national centres for technolory. The precise form of the national centre will be
determined hy each country dependins on its development goals and priorities., The
primary role of the centre would he to promote the technoloecical develonment of .the
country through such activities as:

(a) Assistine in the identification of technical needs for a variety of
econcnic activities;

(b) " Assistine in the acquisition and analysis of need-based information on
-..alternative sources of technoloey from all available sources, domestic and foreign,
and. its disserination amons users; :

(c) Assisting in the evaluation and selection of technolocies for the different
jobs to be done, with the emphasis on decision making, this leing the critical stage
in the whole process;

(d) Assistineg in the unpackaping of imnorted technology, includine assessment
of its suitabilitv, the direct and indirect costs and te conditions attached;

(e) Assistinz in the negotiation of the hest possihle terms for imported tech-
nology, includine arrangements for reristration, evaluation and annroval of agree~
ments for its transfer;

(f) Promoting and assistinm in the absorotion and adaptation of foreign toch-
nology and the seneration of indipenous technology, linked snecifically to desi~n,
enginecrin~, research and develonment;

(8) TFromotirg the diffusion of techﬂoloaies alreadv assimilated, whether
indigenous or foreisn, among users,

183, The centre would also play a part in the trainine of the different kinds
of personncel required, not only for its own operations but also proeressively for
all those who are involved in the development and transfer of technology.

B, Activities at the national level

124, *fince the purnose of irnrovine the national scientiffc and techunolo~ical
capacitv is to accelerate national develorment, it seems essential to lirn™ the
discussion to what are *videly accente:d as Yeiro the maior factors unon which a
countrv's canacity for over-211 Jdevelopment denﬂnﬂu. These factors include the
followin~: :

(a) I'mman resources, notablv the quantity and quality of the nation's labour
force; » :

-(b) Material resources, btoth in the form of nonhrenewéblé natural resources,
such as availahble cultivable land and minerals, and in the form of man-made re-
sources, such as communications and transnort systems, power nlants, huildings and
inventorier of raw materials and interrmediate soods;

40/ See "Interagency mission on the establishment of an African “ééionéT‘Centre
for the Transfer, Adaptation and Nevelooment of Technologv" (F/CMN,14/ACTT/1 -
E/CM.14/FC6G/112), paras. 76-178.



alfred.morales
Sticky Note
None set by alfred.morales

alfred.morales
Sticky Note
MigrationNone set by alfred.morales

alfred.morales
Sticky Note
Unmarked set by alfred.morales


58

(c) The institutional organization, social attitudes and customs of society. bll
Precisely how, therefore, should a developing country proceed in order to improve
its sclence and technology in recognition of these factors?

1. RFeed for planning

185, Economic grovwth in general and oro“th in scientific and techroloeical capacity
in particular are subject to the influence of a wide varietv of forces, acting often
in random and not rarely in onposin~ directions. YThen maximum ~rowth rates are
desired, therefore, neither of these processes can be left to itself to evolve
spontaneously. Instead a purposefnl arransement of the forces controlling these
processes must be contrived which so manipulates the forces that the effects they
produce are coherent and directed towards desired 2oals. This realization constitutes
the case for nlanmninn.  And so the first and foremost task towards the imnrovement

of a countrv's scientific and technolorical capacity must bhe the nlannins of the
process by vhich that improvement is to he achieved.

186, The aim of planninpg is to enrender advancement hv co-ordinated State policies.
Such nolicies should:

(a) Re hased réalistically on valid perceptions recardinn the mechanism of
advancement which they seelt to set in motion;

(b) Reep firmiy in view the set of ooa’s tovards vhich advancement is to be
directed°

(c) PRecoenize the set of "initial conditions" from hich aﬂvanceme"t is
envisaned to proceed 4

Consideration will now be given to each of these‘requirenents as thev relate to the
improvement of national scientific and techrnolegical canacity.

187. Yith regard to the first of these remuiremznts -~ the need to hase nolicles on
valid perceptions regarding the mechanism of advancement ~ it 1s unfortunatelytrue
that an understanding of the mechanism by which the scientific and technolosical _
capacity of a decveloning country can ke imnroved is bedevilled bv the difficulty of
distinpuishing cause from effect. A country is not a lahoratorv in vhich test
conditions can be controlled and altere? at will so as to .determine valid causal
relationships. Whatever ideas one may offer for the improverent of science and tech-
nology in Aevelopine countries cannot be entirely free from this disclaimer, and
all emhody in varving degrees an element of uncertainty ~ or even error.

138, There are nevertheless some perceptions regarding the rrowth of science and
technology in develoving countries which, in the ahksence of anvthine hetter, provide
a basis for national policies. These nercentions, some of which are also aoplicable
to development penerally, inclnde the followine:

(a) A self-sustaininz and effective development process must he powered by
forces vhich are essentially indirenons, As a ferce for develooment, the national
sclentific and technologital capacitv, thereFore, must he indinenized°

41/ A.I. MacRean and V.“. Palagnbramanvam, Meeting the Third ‘lorld Challenge
(London, Macmillan, 1976), p. 45. ' ' ’
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Qﬂ Nevelonment straterv must he intimately interwoven wit': the fahric of
gsocietv and must show concern for the conseanences of develonment upon soclety,
This realizatinn s“ould he embodied in anv scientific and -echnoloev canacity aimed
at develooment:

(¢) T"Factor nroportion" ~ that is, the relative aln'ances of the factors of
produéfion (capital, labour and natural resonrces) - are what distincouish one
economy from another. Accelerated advancement reaquires utilization of the least
scavce factor, vhich, in develonine countries, is labour or natural resources, or
hoth, This imnoses a natural “ias on tre scientific and technolorical capacities
of develonin~ nations, 42/ .

189, There still remain the protlems of evolvine from the atove and other relevant
perceptions to concrete and implementable proeorammes of action and of executing
them to achieve improvements in the national scientific an? technolocical capacity
itself. These nrohlems constitute a second tier of obstacles, nerhans more formid-
able than the first tier mentioned ahove in connexion with the nresent state of
understandin® of the rules sovernine the orowth of science and technoloey in a
develonine nation. e difficulty, “unnar “vrdal has ohserved, 1s an unwarranted
optimism which seems to come naturallv to nlanners in develooing countries, a
testimony to this teine the fact that nlannine there tends tn err in the ontimistic
direction. This leads to disillusionment, *hich assumes nrevious illusions, gg/
This is true of development plammine generallv, but it is esveciallv true of the
plannine of scientific and technolosical prowth narticularlv. This and the other
problems, however, mavy be particularized to snecific sectors of scientific and
technolorical srovth., It seems annropriate therefore to retiurn to this subject later
while discussine those sectors.

190. Concerning the second requirement in the planning of scientific and technological
growth - namely, the need to keep firmly in view the set of goals towards which that
~rowth 1s to be directed ~ it is generallv recognized that in princinle a country is at
liberty to choose whatever goals of scientific and technolcgical growth it pleases. In
sractice, however, that choice is never entirely unfeitered, but is instead limited by
a number of factors, both internal and external in orisin. Examples include:

(g) The co-existence of extremes of noverty and affluence in anv society is
a cause for concern for that society. Social inequalitv is perceived not only as
a breach of social {ustice hut also as an in“ibitor of develonrent. ne ecoal of
scientific and tectmolosical erowvth, therefore, ourht to »e social, and esnecially,
economic equalitv;

(h) Althoush it does not seem to he widely accepted that the nuest for equality,
apparently accented within nations, can e extranolated to the international community,
elobal international interderendence is now widely recopnized. Sclerntific and
technolooical orowth nust therefore have as one of its aims healthv international
co-operation in the gnirit of the ™eclaratior and Prosramme of Action on the Establish-
ment of a Yew International Fconomic Nr-er;

42/ c.C. Opvenelukwe, Fconomic un'erdevelorment: An Inside View (London,
Longman, 1974), ». 15, T

ﬁé/ Gunnar ‘'lvrdal, The Challence nf World Poverty (Yew Yor', Pantheon Pooks,
1970), op. 43-44,
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(c) Because over-all development must: be poweted by indicenous forces if it
is to reach a stage of selfisustenance, sciénce and’ technolo~v, as two forces which
power development, must be indicenous and their indireriization must he one of the
goals of scientific and technolosical growth;

(4) Available resources, hoth human and material, are the fuel of development
and science and technolegy the engine of development. There is clearlv a need to
aim scientific and technolopical growth at effective utilization of availahle re-~
sources

191, Ye may now turn to the third and last requirement in plannine scientific and
technological srowth - the need to recoenize the set of initial conditions from
which scientiffc and technological srowth is to proceed. A maior prerecuisite for
rational plannine of development generally, and of scientific and technological
growth particularlv, is very much improved statistics on the relevant maenitudes,
The lack of such information in manv develoning countries of Africa constitutes an
obstacle to effective planning. A second and related problem is that even when
accurate information exists, effective use ‘is not always made of it, To a areat
extent this is due to the absence of systematic efforts to collect, pool and
disseminate available information. DRut Jt 1s also due to insufficient aorreciation
of the value of information generally.

192, Because planning in Africa is often based on inaccurate’ddta, and not rarely

on intuitive hunches, regqarding initial conditions, serious nrohlems soon surface
during plan implementation., ' These prohlems may have the unfortunate consequence

of persuading the country to abandon what may otherwise have heen a sound growth
strategv. JIndeed, one of the causes of the frequent mid-course chanres 1in plans is

the realization that the assumptions made recarding availahble resources and prevail-
ing conditions were wrong.. And so the systematic and continuous collection of data

on the maonitudes of relevant local factors 1s an extremely jmportant national activity.

2. Nevelonment of human resources

193. DNoubtless the most important single auestion in scientific and technological
grovth 1s how to develop and harness human resources tovards scientific and tech-
nological maturitv. The importance of this cuestion is of course a reflection of

the fact that man is both the ohject and the asent of develonment - that is, develop~
ment is aimed at imnrovine® his well-beine, but that improvement can only come

through his ovm exertions. This imnortance amounts to cxtreme nirency in Africa,
vhere at least 89 per cent of the nopulatior does no more than ele out an existence
in abject conditions of material deprivation,

194. Paul Poffman once estimated that 'if we took a random sample of 191 new-horn
children from the world's low-income nations, ... 40 would he dead hefore they
reached 6 vears. A9ut of the fN survivors annther 40 would suffer from serious
malnutrition with its risks of irreversible physical or mental damase. “nly 12 would
comnlete an elementary education and onlv three a secondary education. When they
reached adulthood, at least 29 out of the AN would be unatle to find work or would
merely eke out a living with odd johs". 44/

44/ **acRean and Malasubramanyam, op. cit., p. 31.
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195, These figures indicate the extent to which human resources are wasted in develop-
irg countries. It also points to the necessity of developinz those resources and
utilizing them in order to improve the prevailing conditions. Human resources may be
developed in a variety of ways. These include:

(a) Formal education, beginnino with primary education, continuing with
secondary education, and then hicher education includins collepes, universities
and higher technical institutes;

(b) On-the-job training, through formal or informal training programmes in
employing institutions, adult education prosrammes and memhership in various political,
social, relicsious and cultural crourps;

(c) Self-development, throush correspondence courses, readinz and informal
contacts;

(d) Improvements in the health of the working population, through better medical
and public health proerammes;

(E) Improvements in nutrition, vhich increase the wor¥ing capacity of people,
on a man-hour hasis as well as over a working life,

The last two - improvements in health and improvements in nutrition = are obviously
intimately related. These and the first three may be both a cause of economic growth
and a result of it, and this illustrates the coupling between cause and effect referred
to earlier in this section, 45/

196, If education, both formal and informal, is regarded as a method of developing
human resources for accelerated scientific and technological growth, the colonial era
ended by leavine Africa with an educational svstem ill-suited to African needs, That
system was elitist, examination-ridden, reneral, desk-work-oriented ~ in short, in-
consequential when viewed acainst the backeround of Africa's developmental problems,
As a result, everywhere in Africa today, educational reform is necessary, The follow-
ing two facets of that reform are worth considering:

(a) Educational reform should seek an equitable distribution of educational inputs
among districts, social groups and the two sexes, The goal of achievine general 1literacy
for the whole population must he elevated to the hichest sienificance;

(h) Fducational reform must also critically consider what is tausht, with what
intention, in what spirit and with wvhat effect - for instance in respect of willingness
to perform manual work,

197, 1If one briefly considers each of these two facets in turn and particularizes them
to the development of human resources for scientific and technolozical growth, it must
first be noted that literacy, as is widely recoenized, is an instrument by which hircher
skills - including scientific and technological skills - can be acquired. This is why
it is essential both to expand it and to democratize it to ensure national growth.

45/ V. Harbison and C.A. Mayers, Lducation, Manpower, and Fconomic Growth
(New York, Mcfraw 1ill, 1964), v. 2.
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Literadv vhen made available .to the whole nopulation has a sreat multiplier effect on
evailahle skills., And as "take-off" in development seems to reauire an initial "hiw
nush", the entire population of the ccuntry rmust oarticirate to the utmost of their
powers. Development must te both indisenized and democratized if there 1s to he take-
off. Develonment nionecered btv a small 2lite, whether local or foreign in origin,
cancot s2c the massive vaTJ of erowth rolline -~ because it lacks the required bigz oush.

195, 1Im Africa, if a random sample of 10 school-age children is taken, onlv :hont
40 of them can expect to receive primary education; the remainine 67 will never leain
to read or write, Of the 47 who attend nrimary school, onlv ahout eicht’will so on
.to secondary school; of these eirht, only one will reach universitv. ﬁé/' Thus, of
the initial 17, akout 90 receive onlv nrrimarv education or less. In an envirunment
of near-total illiteracy amonr adults, school leavers with onlv nrimarv educatiocn
are likely to:he weighed. down and to relarse in time into illiteracv. This noints to
the great importance of adult literacy campaiens, as a means hoth of enahling adults
" to acavire higher skills and of reinforcing their children's education., And here a
naggine oroblem is- encountered... Preciselv how can the adult seement of the population
be given training in sciencé and technoloey, eiven that such training reauires:nét only
a hioh degrce of literacy hut also the nrovision of many and costly elements of inira-~
strycfiure such as teachins personnel, lahozatnries and annmaratun?
y .
129, One of the nreatest challenzes in Lho exngnQion ard democ1atization of educatioc: -
agpacially- scientific and technological education - 1is the Yact that in Africa the
~¢tentific and technolorical potentisl of women 1s rarelv tarned, and when it is, it
" is often: not used: effectively. This is a world-wide nrorlem, of course, but it attains
itz worst proportions in Africa, as can be seen from tahle 11, The iwbalance portraved
by these firures oucht to he an issue hirh not only on the arenda of women's literation
ﬂcvomentq Hu- ulqo on the list of priorities in nationa] attemnts at educatxonal refoim,
200, Npart from, the expanoion and rpmoc1aLizafion of ecucation, educational reforn
ﬂwst also:address. itself to 2 second reau'rement - that of effecting chanea in vhu.
1z, tautht and howitr is tausht., The endcational svstem inhcrited from the coionial
ara, -as many wiil .concede, was desirned rrimarily to »roduce functionaries to serve
the fmperial machine, with near-total disrecard of local develounmental reauirements.
awently, the natfons of Africa are fiaced with the tas™ of disencasins their
curricula from their colonial heritace 314 ~fving them a new orientation consonart
with local circumatances and reauirements. Vet preciselv what does this new osfientation
involve?

201, The majoritv (80 ner cent) of African children who attead school at all (akout

69 per cent of all school-are children) never oo heyond nrimarv school. Some countr_.es,
such as the "mited Pepuhlic of Tanzania, conclude from this that the education civen

1a primary schnols rust ke comnlete in itself, Tnstead of the primarv school activitias
~bainm zeared to the competitive eramination which will select the few (20 per cent)

whe @6 on to secondarv school, thev must he a orenaration for the life which the majority
. of the children will lead. ﬁi/ Tor ecioht out of everv 19 children, that life will he

46/ Gee Education in a Nural Fnvironment, on. cit., ». 16.

47/ TV "verere, Educat:on for Qel‘-reliance (Nar es Sala Sovernment Printer,
1“673 n. 15,
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on a rural. farm, --Aericulture must therefore feature nrominentlv in primarv
education. Similarlv, secondarv schools must not he simplv a selection nrocess’
for ipher educacion., They must nrenare st-ilents for 1life and service in the

. villares ani rural areas. This nrincinle, of course, alse anplies’ to hiOHer euuca-
tion. Tt rrovides one tasis for currciulurm reform,

207, It has been estimated that, in Africa, developrmental activities vwhich are
llvalv tc henefit most from the anplication of science and technoloey fall in the
followine sectors and to the derree known by the numher of countries, indicated .
teside each sector, in which sucb sectors were reoarded as most denendent on science
ani technoloev: :

1™ Aerieulture ’ € Fnerev

14 Yealth - 5 Favironment
12 MAnirmal Freedino - 4 Tducation
11 'later : - " 3"Mannower
1% *i{nes , ? Construction
9 Industry 1 Post and telecommunications 48/

- ® Communications (includine  transnort)

This provides a sezond hasis for reorientine curricula in Africa towards accelerated
scientific and technolorical erowth, Such a reorientatinn, of course, would have to
face wp to many obstacles, not (the least of which is the inertia which has institu-
tinnalized the existine curricula.-

203, fConcirnine the other two wavs of developing human resources - improvements

in puhlic health and improvements in nutrition - it is recnonized that the incidence
of disease and malnutrition must affect the well-being of a ponulation. It will
also affect their canacity for ‘work, showing up in absenteeism and lack of stamina.
Tt therefore noses a serious nrohlem, The solution lies in action in the followiz-
three areas:. »

(a) (Populér education, aimed in particular at passing on practical'inﬁormation
on health and nutrition while peonle are learning to read and write. Here the mess
media _an he mohllizpd and used to great advantaoe,

() Public hea]th services, which are available to all people and stress
pxnvhution over cure vhile, hecaure of financial ¢onstraints, emphasizino self-
relianca throuech appropriate self-heln nroiects;”

(e) Agricul tural activities, aimed at producing gfeatef quantities of more
nutritious varieties of food crops.

3. Development of material resources

204, The preceadina paracranhs have dealt with human resources as a specific area
rcauiring certain innuts aimed at trieserins scientific and technolosical growth
for over-all national development. e will now turn to a second area - material
zesonrces. ‘faterial resources include non-tenewable natural resources (such as
available aratle land an? the minerals underneath) as well as man-made resources
{such as communications and transport systems and inventories of rawv materials as
well as intermediate coods)., ‘“‘aterial resources develonment involves the following
three maior activities:

48/ T™MPSCO document SC/CASTAFPINA/3, chapter III, paraeranh 45.
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(a) Metermination of available material resources and compilation of detailed
and accurate inventories of such resources;

(b) Choice and developmenc of the most appropriate means of exploiting avail-
ahle resources; .

(c) Selection of the best ways of using the proceeds from such resources to
promote sreater well-being.

205, With revard to the first tasl:, it has already been pointed out that a major
prerequisite for rational development plannine is improved statistics on the
maonitudes of the factors of development, including material resources. Such
information constitutes the set of initial conditions from which development must
proceed. Yov it remains only to indicate wavs in which this information may be
improved with resard to material resources - especially natural resources. Valuable
surcestions on this are contained in the chanter of the African Pecional Plan on
natural resources development., They include:

(a) Flimination of existinp deficiencies in mapning and surveyins services
throuth tHe development, expansion and 1mprovement of national cartopranhic and
geoloeical services;

(b) C“vstematic and comprehensive investigation for minerals aimed at
identifvin~ new minerals, estimating the auantity, form and commercial value of
availahle minerals, and recommendine, on the basis of laboratorv tests and pilot
processes, further possihle develonment; ‘

(©) Prenaration of a general inventory of the proved, probable and possible
reserves of mineral resources as vell as an eetimation of the inferred reserves,

(#) Development or strenqtheninp of government machinery for co-ordinating
national policy ~n mineral exploration; “romoting the miner2l nrocessing techniques
best suited to the countyw's mineral vna‘*“; nnd drafting national minine legisla-
tion. 49/ : :

20€, The second task in material resources development, the choice and development
of anpropriate means of exploiting available material resources, constitutes perhaps
one of the oreatest challenses - ceartainly the most immediate - to science and
technoloey in the developine nations of Africa. Precisely what tvves of scilence

an! technology are best suited to the development and exvloitation of the material
resonrces of these nations? 1t seems approoriate to devote a few paracraphs to

this question.

207. There is almost total acreement that developing countries must each develop
indi~senous scientific and technological capacity. Oneé of the arguments for the
indisenization of science and technolopv (already.presented ahove) is that economic
take-off requires.a bis push which no proun of foreign exnerts can nrovide because,
matched against the.maenitude of the-inertia involved, their efforts are miniscule.

49/ African Regional Plam, opscite, paras. 54-55.
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“nat push can result only from a frontal attack throurh active participation of

the entire local ponulation. The problems attendant unon the mohilization of the
nasses for development will be dealt with helow. The seco.ud arpument for the
indigenization of science and technolosy is that science and technoloev must be
‘tailored to the country's factors of production - nétahlv, in developing countries,
tuman and material resources. As we have dealt with human resources above, we

will now turn to the need to select and develop scientific and technolorical capacitv
appropriate to the exploitation of the country's material resources, esnecially
nutural rescurces, As minerals have been considered, the main emphasis will be on
agriculture, . R '

208. Agriculture is the main activity of 70 to B0 per cent of the population in
Africa, and this confers special importance on land as a resource that supports
agriculture. Because agriculture requires €factors which are renerally plentiful
in Africa - namely, land and lahour - it has naturally come to occupy a central
place in the development strategies of manv nations in Africa. - How, then, can
science and technolosy be best applied in agriculture in Africa? FHere there is a
special need to consider the protlems of low crop yields ner unit area, leading
to serious nutritional deficiencies; low yield rates of traditional crops; in-
efficient agricultural methods which anickly degrade the soil; and considerable
crop losses caused by insects, animals, plant  discases and poor storase methods.

209, Valuable suggestions towards the solution of these problems are contained
in chapter 3 of the African Regional Plan on food and agriculture, They include
the followine: . »

(8) Conservation and improvement of land alreadvy under cultivation as well
as development of new land;

(b) Vater development for irrigation;

(c) Genetic improvement of main crops and -animals;

TR

(d) Better protection of croos and animals;

(e) Pesearch, development and use of improved agricnltural techniaues for
both trasditional and new cromns;

(£} Better storare and preservation of agricultural products. 22/

210. In agriculture, there is sc much score for the:wider apnlication of known
techniques, involving hardly any canital investment, that, in the initial period
at any rate, progress can be very rapid. ‘“hy, then, has proaress in African
agriculture heen slow and uncertain?

211. First, there is the fact that acricultural technoloey in developing countries
Las to be lahour-intensive, while in develoved countries it has hecome extremely
labour-gaving, This implies.that in agriculture modern technolosy cannot be taken
over as directly as in industry. Adjustine aaricultural technoloev to factor pro-
portions in develoning countries therefore becomes very imnortant. The various

50/ Ihd., raragraph 100,
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rasearch tasks which must te nerformed in order to adapt modern technology to the
circumstances of developing countries, however, raise demands on:financial and
personnel resources which cannot he met hv the developine countries themselves -
certainly not on a scale emal to the needs. This ohstacle represents one of the
stratepically most important renuirements for foreipn aid from the developed
countries. :

212 Saccndly, even when arricultural techniques (such 2s artificial insemination
0r cows, use of fertilizers, and so or are directly apnlicahle, there is still the
fact that millions of peasants must he induced to use the new techniques, Inducing
them to do that and petting ttem to raise their technology from the present rudi-
mentary level reauires an educational effort of nargantuan dimensions. This
difficulty 1s comnounded kv the fact that it is almost never a auestion of learning
to do one specific thing in a nev way, but of acceptine and eiving effect to a
whole packace of induced chanzes. ¥For example, irrigation hecomes really effective
only in a svstem of double or trinle croooing, In the same way, fertilizers are
largely ineffective without water, while in turn irriration does not nay except in
conjunction with fertilizers. Likewise, improved seeds require both water and
foertilizers, This rule of "complementary changes" is valid for all other improve-
wents of agricultural technolosy: deever nloughing, soil conservation and improve-
mant of soil structure, green manurine and the use of natural fertilizers, better
weed control, plant protection, improved crop rotation and so on. 51/

213. Thirdly, widespread sharzcroopine and other forms of land tenure are conducive
fieither to technolosical chance nor to increases in the cuantity and auality of
agraicultural labour, Land reform aimed at equitable redistribution of land may he
nacessary in some African countries. Such reform, when undertaken, should bhe

carried out in the full realization that it is likely to meet resistance from the
land-owing class and that, when forced through, it is lilkelv to denress agricultural
productivity initially by creatines immohilizinp uncertainty amone the land-owing
class who, up to that point, ill have been the most productive sesment of the popula-
tion. But there is one reauirement vwhich ail types of land reform should meet: it
should create a relationship hetween man and land that does not thwart his incentives
tec work and to invest - if nothins else - his own lahour. Attempts to improve
apricultural technology and to raise yields will never have significant results if
that relationship is not firmly established and assiduouslv nrotected. 2}]

-+, Social organization and attitudes

214. The institutional crganization of African societies, as well as the attitudes,
customs and values of those societies, constitute a third and final area for
activities aimed at scientific and technoloeical growth - and so also at economic
growth generally. It seems useful to divide these activities into the followine
two broad catecories:

(2) Activities aimed at changins the orsanization of society as well as the
attitudes and customs of that societv so as to pave the way for more effective
application of science and technolorv towards development;

51/ Mydral, op. cit., p, °9.
52/ 1Ibid., n. 114,
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(®d) Activities whose aim is to change science and technology - at any rate
certain aspects of their application -- in response either to existing social val:
which must he p.eserved or to some unde irable aspects in society which must be
eliminated but which fot the time being nevertheless exist and need to be reckoned
with.

215. For the firstvgrdup’of activities, two strategies seem possible. The first
aims at changes which can be effected either by simple administrative action or
by legislative enactment. Exawmples of such changes include:

(a) Destratification of society in order to ensure more equitahle use of
the country's endowments, facilities and services;:

(_) Reorganization of government to produce a problem—solving social systen
in which decisions are made and carried out at the appropriate level and in which
effectiye linkages exist between the different levels of sovernment;

(c) Persuasive and reasoned - hut firm - prohihition of irrational practiccs
"(even when sanctioned by tradition) and enactment of others which are rational znd
fruit ful

216, A11 social reform, of course, hristles with violent tensions and emotions,

and inspired leadership, untainted by susnicions of  corruntion, favouritisn or

bad intentions, would seem to be an essential, though minimum, reguirement if scticl
reform is to be forped by administrative strategy. In any case, this strategy

is best suited to producing chanpes in social organization. It is near-powerlesc
against social attitudes and customs. Chanses In these are hest sought from a
second strategy - education - wvhich is considered in the followine paragraph.

217. One of the important fruits which science has yielded is the emancipation

of men's minds from anclent superstitions in which barbarous practices, irratic--1
beliefs and oppressive fears are often ~ooted. Science tas also undermined the
intellectual foundations of moral and relieicus dogmas, weakening in the prccess

the protective cover that the hard crust of unreasoned custom provides for thec
continuation of social injustices. Tinally, and more generallv, .science has given
birth to the gradual development among increasing numbers of a questioning intellectual
temper toward traditional beliefs, a development freguently accompanied hy the
adoption in domains previousliy clased tc systematic critical thousht of lcpicnl
methods . or assessing, on the b:sis of reliable aatz of ohbservation, the merits of
alternati e assumptions concernine matters of fact or of desirahle policy. 53/

It is clear from this that science education offers the best stratepy for chanpi
social attitudes and customs. This strategy would, of course, have to face up to
the challénges already outlined in earlier paragraphs. Such challemges are many

and formidable, and they must often seem almest impossible to solve. 3But the situ:-
tion in most oF Africa is so desperate and the need for accelerated growth so urgent
that steady and unremitting assaults cn these challenpes must nevertheless be mndc.,

5;/ Ernest Nagel, e StrLuturt of Sc1ence (New York, Harcourt, Broce
and World, Inc., 1961) p. vii.
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218. Ye may now turn to the second group of activities for scientific and
technological growth, the aim of which ir to change science and technology - at

any rate certain aspects of their applicziion - in vesponse either to existing
social values which must be preserved or to some cultural elements which are
recognized to be undesirable but vhich for the time being exist and must be reckoned
with. The realization that there exist certain elements of African culture which
must be preserved and certain others whi:h must be eliminated but which still
persist and hauper direct use of technology from the develooed world is, of course,
one basis for the call for activities aimed at the adantation of technology from
the developed world.

219, There are three strands running through such activities. The first has to
do with values which are perceived by the developing nation as being at the heart
of the national ethasand, as such, inviolable. Although these values may ulti-
mately be arbitrary. the decision to preserve them nevertheless imposes certain
constraints on the application of science and technology. This must be tempered
by pragmatism, which is the second strand, and entails coming to terms with harsh
realities which may preclude the achievement of some social goals and indeed
necessitat2 thelr review and revision in the light of what is realistically possibhle.
Develupment 1s clearly ill-served by dogmatic insistence on unrealizable social
goals which closes all alternative avenues of growth. The third and final strand
is mocial phychology. In Africa, development entails a drastic departure from the
familiar past and oresent and entrance into an uncertain future. Feelings of
uncertainty and insecurity are but natural, and there is clearly a need to show
compassion and understanding in enforcing all activities aimed at effecting the
transition. This realization must be embodied in the use of the technology that
is to he applied in the developing world.

C. Activities at the regional ievel

1. Buildine up and sirengthening institutions for science and technology

220, DBRecause of Africa‘’s late start in industrial development, manufacturing
industry suffers disadvantages essentially due to lack of skills (entrepreneurial,
technical and labour), the shortage and relatively high cost of capnital, limited
internal merkets unable to absorb’ consumer, intermediate and capital goods, and
technological and financial limitations. There is, however, great potential for
change that can result from the application of science and technology to the
production system. Therefore African countries still have an opportunity to give
a new direction to industrial development in the region throuch the formulation
ard adoption of an integrated economic and technological development peolicy. To
achieve the above objective requires the provision of an adequate institutiomal
framewvork to guide and nurture technological development on the continent,
Institutions are needed at the regional and subrepional levels to comnlement the
efforts of national institutions in this direction, 'orld advances in knowledge
are ncw so rapid, pervasive and complex, that no small country can hone to master
all relevant aspects. There are also scientific and technological activities which
because of the limitations Imposed by scarce resources, misht not he feasible for
one country alone, regardless of their importance to the development process.
Combined efforts in intercountry projects, shared costs and co-ordination at the
subreglonal or regional level would help to overcome such constraints.
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221, Many African countries face similar problems with respect to technological
development, and the growine interdependence of the African economies, especially
in such aréas a= food, transomort and te’ecommunications ar! education, calls for
joint action in tackling theco problems. Such action would increase the negotiat—
ing power of each of the member countries, since they would present a united front
when purchasing foreign technology. In view of the vital role of technology in
industrial accivities, effective means of acquisition, assimilation, generation
and use constitute an important element in the advancement of hoth internal tech-
nological capacity and the total development process.

2. Pegional research centres

222. Proerress in the application of science and technology for socio-economic
development has been very slow in most African countries. This is borne out by
figures relating to expenditure on scientific and technical research, which are
extremely low in comparison with the amounts spent by the more develovned economies.

223, The absence of tangible efforts in this direction is due to the fact that

the process of import substitution, adopted by many countries as a way of solving
the prohlems of under-development, did not lay proper emphasis on the vital need

for such efforts. Over-dependence on imported technoloey restricts the use of
certain natural resources, slows down general development and is an obstacle to the
export of manufactures. This is because research which led to the development of
technology in the developed countries concentrated on the latter's prohlems, which
rarely include the exploitation of local natural resources; indeed, such research
is often directed towards renlacing raw materials imported from these regions.
Moreover, theilr efforts are unlikelv to he relevant to solving the problems aris-
ing from the combhination of factors of production in develonine countries. Besides,
the technolopical dependence of African countries is likely to discourare exports
of manufactures, since in most cases such exports are possible only where there

are differences in type, quality, costs and prices, which frequently call for ad hoc
research studies.

224, Accordingly, the importance of research for industrial development cannot

be overemphasized. It has been fully recognized by the developed countries, whose
Geovernments deliberately use scientific and technological research as a promotional
tool,

225, 1t 1is clear that a number of rescarch centres shonld be established at both
subregional and regional levels to conduct and guide research into some of the
problems of technological development on the continent, and particularly problems
which ignore national boundaries. Research projects in these centres should be
relevant to the needs of the continent. Tnitially, thev could include development
of solar energy, thermochemical energy (fuels and combustion), tidal energy and
wind energy, meteorolopy, nutrition, food processing and preservation, agricultural
mechanization, fisheries, water supnlv, irrigation, tronical medicine and co on,

226, The reaional research centre or centres would work in co-operation with
national research centres, institutes and universities and interested international
agencies in focusing attenticn on the most urgent technological prohlems in the
region. It or they would he responsible for the co-ordination of scientific and
technological research (includins nromotional and financine functions). Here it
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is important to recognize that various methods can be ndopted for co-ordinating
research, such as fellowships and nrants to lndividuals, prants for research
p*ojucts 0T programmes: erants to research 1nst1tution aud research contracts.

227, The rezional research centre or centres uould cleo assist in the formulation

of regional science and tecbnology policv. . While the formulation of policy will
remain primarily in the hands of national science policy bedies and- the Regional
Centre for Technolosy, the research centre or. centres can also play a part in the
process by conducting studies and surveys to obtain the necessary backeround informa-

tion.

228, The centra or centres would also help with disseminaéica of scientific and
technological information by organizine aymposiums and scleniiflc and technical
congresses, publisuing journals and reports, and providinz documentaticn services
such as ahstr?cts,.trans1dtions, document reproduction and rctrieval T

229, 1In cerrying out its tasks the centre or centr=g would necd to pay particular
attention to the need to maintain a balance between applied reseavch and fundamental
research and the need for balanced develonment of the research netw:tvk, Co-ordinated
deelopment of the 1nsL1tutlon§.and leboratorics cernctityuting the regional research’
network is therefore’ necassary, since the.activi:ies of thoese establishments are
interrelated bv virtue of their subiect matter and dy their cormoa interest in -
contrituting townrds the development of .the ragion 2s a wicle,. Wigh priority should
be given to chpn'iflc activities for vhlcb thie vegl~ kas vninue rescarch cyportu=~
nities, such ag tropical ncdic1ne, tlonica] agiiculture, solar energy and so on; in
this na- *rn region wouid be more likely to retsin its outs tanding sciertific workers
and ven Lo attrac; soue from other, poqsibly wore advanced, countrics. :

3. nggggil patent documentation,qentre

230. Industrial ventures of all kinds are 4¢p;ndent to a great exteii on an un~-
haupercd fiow of ‘aformation from 21l fie’1s of industrial lmowiedz: and experience.
This flow shionld include information on know-how and techniques, processes and
equipment as well a3 legiclative and administrative measures:

231, The industrially advanced countries sugtain powerful and costly research
efforts in all branchez of sclence and trcmelogy to eusure a contianucus output

of new ideas for the bencfit of their Industries., To ensure vapid transfer of
research results to cconomlc exploitation, they havz Jevoled more ard morc attention
to the establishment of effective devices for stoving zrd evaluatiag ecilentific -
and techuical kncwledge and cormunicating it to indusiry, The amsunt of new
knowledge needed by the African countries at this stage of thelr dz2velopment is
extrenely small compared tu the enormous.body of accumulated knowledge and experience
readily avaiiable for use in the . developed: countries, 'Mat is reauired, therefore,
i an adequate commupicafion system . to link ar=as in tie procesn of industrialization
to the well establishud and bhizhly developed technolov:cl infernation network’of

the industrialized countries,

232, The main pTPreGhloitPS for a technical informatiun séevite ate lccal ‘avareness
of the value of an up-to-cdute information.seivica, part1cular;y‘hmon 'LndLstrialists,
and an adeguate, acecseible coLlectlon of techﬂxcal nx;erial in the care ﬁf an '
efficlent ]Jhxarian, L cr e : SRR o
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233. Patent literature is one of the most valuable information sources of a
special type. The patent is a juridicalcertificate estahlishing the richis of

the inventor or his legal successor to monopoly use of the invention for a
specified texrm. A patent description includes a basic descrintion and the typical
features of the nev device, product or chemical compound and its principal units
and components, as well as an explandtion of their functions and interaction; the
value cf the patent specification as an information source is hased on the fact
that,, as a rule, the data contained in it are un'ncwn to a wide circle of users,
An application for a patent is forwarded before any publication appears concerning
the invention and usually before industrial applic.tion has taken place.

234, Regular study of patent information prevents wasteful effort on technological
problems that have already been solved and makes it possihle to proceed, taking

into account the existing solutions and the main tendencies of technological develop-
ment, to work on the most recent level of world experience.

235, These considerations make it advisable for Africa to set up as soon as
possible a regional patent documentation centre. Its tasks would be not only to
collect but also to analyse and disseminate scientific ‘and technological informa-
tion. Arrangements should also he made for local services to provide effective
links between users and sources of information, so as to assist in the identifica-
tion of information needs and opportunities, identify and select appropriate sources
and motivate users and potential users.

236. The centre should act in concert with African Governments in promoting

the spread of technological information by such actions as the abolition of customs
duties and levies on technical books and marazines. F¥inally, the centre should
offer support for the national development of scientific and technological informa-
tion by helping interested Governments to set up national information systems and
i1f possible hy sahsidizing the cost of production and dissemination of technical
literature. '

4, The Repgional Centre for Technology

237. An Interagency Mission on the Establishment of an African Repional Centre
for the Transfer, Adaptation and Nevelopment of Technolonv was recently organized
by ECA and OAU. TIa its report, the mission took note of the desire of African
countries for assistance in solving various problems, including in particular:

(a) The need for assistance in institution buildine for transfer of
technology; -

(E)"The training of skilled manpower in the analytical and technical
aspects of transfer of technology;

(c) The establishment of information systems for more efficient and rapld
access to technoloay;

(d) Svecialized advisory assistance in such areas as nepotiation and tha feral
aspects of transfer of technology. 54/

54/ E/CN.14/ACTT/1 - F/CN,14/ECN/122, paragraph 82,
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238. At ihe lieeting of Plenipotentiaries held in November 1377 in Kaduna, Nigeria,
the regommendation of the mission that a Regional Centre frr Technology should be
established was accepted, and agreement was reac!ed on the constiiution, work
programmé and finances of the Reglonal Centre for Technolory. The first special
session of the Council of the Centre, vhich was held in Addis Ababa, Ethiopia, from
3 to 7 November 1978, selected Seneral as the host country for the Centre, The
Centre would have as its primary objectives the strengtheninc of the technological
capahilities of African countries so as to reduce their teshnological dependence,
pionotion of tke use of appropriate technology and the formulatjon of technology
policies and planning as an inteeral part of national socio-economic development,
The Centre would also aim at ' improving the terms and conditions for the import of
technology, promoting an appreciation of the role of technolopy in national develop-
ment and promoting regional co-~operation in the field of technology through
assistance in institution building for the transfer of technologv, the training

of skilled manpower, the establishment of systems for more efficient and rapid
access to technology and specialized advisory assistance in such areas as negotia-.
tion and the lesal aspects of technoloey transfer. 55/

239, The principles and functions of the Centre as set out in its constitution

are verv laudable and are in consonance with the needs of Africa in the ‘application
of science and techmology. The establishment ‘of the Centre comes at an oppor tune
moment, and it is hoped that African Governments will rally round to make it a
success. The Centre will need to he’ strenpthened'throuﬂh adequate, and timely moral
and financial support. :

240, TFor the effective performance of its tasks the Centre will need to establish
linkages with national centres for technology, regional research and development
institutions, repgional and national education and .training systems and so on.

5. Regional training centres

241, One of the greatest constraints to socio-economic development in Africa is

the shortage of skilled manpower: professional engineers, technicians and craftsmen.
The trainine of manpower is an area in which there can be fruitful regional and
subregional co-operation in Africa.

242, African countries must realize that the availabilitv of scientific and
tecnnoiogical skills in any society larcely depends on phvsical and intellectual
skills, the acquired knowledre, know-how and problem-solving competences of their
peoples. Tt is therefore imperative that aopropriate attention should be paid
to, and adequate action taken in, the priority area of training. Anv policy on.
manpower training should ensure primarilv, although not exclusively, that a core
of competent middle-~level scientifie and technodogical manpower will be available
after trainine to nrovide support services to competent professional staff in the
production of poods and services. :

55/ "Peport of the Meeting of Blenipotentiaries on the African Centre for
the Development, Transfer and Adam:arlOn of Technologv" (%/CM.14/ACTT/12/Rev.1),
annex, arts. 2 and 3. ;
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"243, Co-operation in manpover traininp and development should lead to the establish-
ment of rerional training centres for. professional cngineers, technologists, tech-
nicians and tec™aical teachers. To sta~t with, the follo. ‘ng reeional training centres
should:be establishcd" ' '

() An Instituté'fbi;ﬁighér'Technical 'rﬂiuiﬂ“ and F\uearch
(b) Multipurpose Colleges of Arts and Technology;
() Centres for Mineval Resources Nuvelopment;

(d) Centres for Marine Science and Techunolory.

244, The Repionai Centie for Fnaineering Design ard Manufacturing, whose establish-
ment is also recommended, is dszlt with separately below. The curricula in these
institutions should be taiiored to the mends of the African countries, and there,
should be a co-ordinated and comprehensive procrsmme of laboratory work so ‘that the
students can palnr senuine understanding cf theoretical principles and at the same
time acquire the recessary rgc1lirv to manipulate equivment, conduct experiments

and assess the results,

245, Practical professional training should fovm an important part of the train~
ing at the centres. To make the prokramme of practical training effective, senior
members of the staff chould co-c;erate with seniovr persunnel in indvstry. In
addition full-time training and placement oificers a*t the centres ond trainine and
education officers in industry should co-—-ordinate ard puide the =ra7--2g' dav
to~-day activities. In-plent training should bhe gpread over the pariod of the
course in three phases, acmely: <familiarization with industry and industrial
problems; participation in work in a particuiar industry; and training in super-
vision., Such training will give a producticn and design orientation to engineer-
ing studies, and will ar-%le the students tn assume nrofossional responsibilities
more quickly after combleglug their courses,

246, Other cour 2s in add:tiou te in-pl at tv :aining czn he orecnized in co-
operation with 1olusii;. Tllhdoen ceadioaony 15 cnanginy rapidly, and theltechn
nological outlook of staff working 1n industry is 1lizhie to becowz outdated. The
regional centres can usefully ormanize sort-terr ro;Lnsrer courscs on locally
imporcant aspects of technology.

courses with the co~uperation of the industrics éonce*ned This can be done in
co-operation with universities in the region, if rhe ontye lacks physical and
manpower resources, Exemples of such courscs corld be dock and harhour engineer-
ing, heat treatment tnchnolony, furnace ftechnology, plastics teclnology, and so on.

247. Another possibilitv 4s for the centres teo organize post gradua;e diploma
Toe

248, Suitably cualified staff members of the centies shceuld be encourased to
vork as consultante with industry and thus become vettor acquzinted with practical
engineering oroblems. This is an exczllent way t~ kecp the level of teaching high
and to attract and retain hipghly cualified staff.

249. PRural econony and sgricultural producticn play a very imvortant part in the
life of most African couiiries, employineg a large fraction of the population and
contributine a laree part of the nmational incomz, The apnlication nf science and
technology is required for the effective utilimatior of natural and human resources
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and the improvement of agricultural methods. The problem here is how to disseminate
scientific and technological knowledge to the rural areas, and this requires the . .
trainine of specialized staff. It requires the establishment of training institu-
tions, probably loczted ne-r rurel arcas or farming centres, and offering courses
necessarv for industrial and agricultural occupations in a particular subregion.

The programmes should include trainins in agricultural extension services. Since
aeviculiure is constantly evolving, those wvho disseminate knowledge or provide
technical services must have a sound knowledge also of the scientific and technical
bases of aericultural practice.

6. Reaional Centre for Engineering Design and Manufacturing

250, A particular technology is usuallv the outcome of activities designed to
snlve a producticn problem at a particular time in response to a defined need and
usine available resources and capatilities. The search for new or improved
processes and products, commonly referred to as research and development (P and D),
{¢ most often conducted in research laboratories designed specially for this purpose.
Whatever the owmership of esuch institutions, the essential requirement is that the
outcome of R and D activity should be capahkle of meeting an identified need at a
coet acceptable to those for whose use the technology is intended. The pattern of
¥ and D in one country 1is thus not necessarily wholly coincidental with the pattern
of ™ and D in another. The pattern of R and D in advanced countries in general,

and even more sisnificantly the trends in that pattern, are only partially relevant
to the needs and resource availabilities of developingz countries.

251, 1t is therefore necessary for the countries of Africa to undertake R and D
relevant to their physical conditions, cultural backeround and resource avail-
abilities. There is consequentlv a need for a Regional Centre for Fngineering
Desien oad Manufacturing. The Mepional Centre can help, firstly in promoting the
establishment of facilities for education and training in eneineerine (and
industrial) desien, now conspicuous hy their inadequacy in Africa; secondly, in
freeins the content and orientation of such education and trainine from the cultural,
resource and eco.omic barriers built into desien concepts and processes in advanced
irdustrial societies; and thirdly, in ensurine that education in design is not
atrophied hy separation from the challenses and realities of production. '

252. (n addition, the Centre should include among its functions:

(a) Tneineering and industrial design (including desisn analysis and prepara-
tion of sketches, photographs, blueprints, desisn models and prototype designs);

(b) ‘Materials testing and research;

{¢) Tool design and prnduction;

(d) Pilot plant desisn and construction;

(e) Standardization and qualitv control;

(f) Time study and cost evaluation;

(2) Extension and consultancy services;

(h) Fducation and training.
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253. Thus the Centte would be nhvsically a larrme eneineerine research and develon-
ment laboratorv-é¢ m-workshon and woul? te exnected to assist in settinag un national
and sectoral centres. It wonld need to co-onerate closelv with the Pecional Centre
for Technoloey. It could provide consultancv services to the recional and national
centres for technolnry in such matters as urnackanring of technnlorvy and advisine on
the possibilities of adantation or of new develonments which can malke imports un=-

necessarv, : : -

D. Activities at the intermational level.

1. Improvement of current schemes of internationa] co-oneration in science
anAd technolocy :

254, 1In the develoning countries, natinnal efforts towards scientific ani tech-
nological self-reliance are often frustrated ty barriers whose elimination raises
demands’ far In excess of vhat the nations themselves, actinm severally or
collectively, .can nossibly nuster. Therefore, while it mav he true that "in final
account, it - is:only the strengtheninr and estahlishment of scientific and tech-
nologicalcaratity by develonine countries themselves, using their ovm resources,
that'may solve the prohlem of their technolosical development", 55/ in the initial
stages of developrent, assistance from the developed nations is not only necessary
but indispensahle.

Lt A N . B . )
255: The:Peclaration and Programme of Action on the Fstatlishment of a lew
International Fconomic Order 1fenera1 Assemblv resolution 3201 (S-V1) and 3202
(9-V1f7 recopgnize. this fact. Amonn~ other thines,: the Assembly called for measures
desiened to: eliminate the widenine eap hetveen the develoned and the develoning
countries and ensure steadilv acceleratine economic and social development and peace
and justice for present and future eenerations, and provided a framework for assistance
from develoned to developing countries, Put it is necessarv to be realistic and to
bear in mind the actual motives behinﬁ such assistance.

256, The factors which motivate assietance of the poor bv the rich natiorg are of
course nanv and varied. Chief among’ then are:

(a) “Moral’ ohligation. Increasinn numbers of peonle in the déveloped nations
repard "the problem of the less developec nations" as "the moral nroblem of our
time". 57/ The challense to reduce inequa‘itv, already widelv accented within nations,
is being extended to thé international communitv;

(b} Self-interest. The sreater nart of "aid" takes nlace under the incentive
of comnmercial or political gain. Fven when its terms are "soft", often it aims,
for example, at suhsequent exports on normal commercial terms. Capitalist nations

56/ "HMCTAn's proerammes in the field of technology and science" (a paper
epeciallv prepared by the UNCTAD Transfer of Technoloev Nivision at the request
of the Secretarv-fecneral of the nited Nations Conference on Science and Technology
for Development), », 2.

57/ 2bigniew Brzezinski, "A new focus for US foreign nolicy", Nialogue,
vol. 6, No. 3 (1973), p. 62. . . o —_—
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must eventually arrive at a stage where thev cannot absort all of the output of
their industries. They then require, in order to stave off a crisis, to extend
their markets through the development of colonies which wili ahsorb the surplus
manufactures; 58/

(c) World peace. The rich nations have a great deal.to lose as a result of
serious wars between developing countries, which may draw them into conflict with
sach other. Aid is sometimes given in orcer to ward off this spectre. Moreover,
access to literacv, circulation of newspapers, the impact of mass communications,
increased political participation - all of these are more rapidlv transforming the
way people:think than economic growth is transforming the way thev live. The
consequence is a heightened awareness of slobal inequality. Aid to the poor is
seen to be necessary if the intensified social strife and plokal animosity, which
are certain tc be the results of that.awareness, are to be avoided; 22/

(d) Common problems. As a result of the global interdependence among nations,

' there exist particular areas. of economic and social prosress (for example, popula~-
+ion control. development and maintenance of non-renewahle natural resources, inter=-
national division of labour along lines of comparative advantage, joint ventures
in developing countries by private firms and so on) which eive scope for co-operation
between developed and developing countries;

(c) Interest groups. Pressure groups = such as transnational commercial
firms, church orgzanizaticus and so on - may, and often do, agitate for aid programmes,

257. 'Two ohservations may ke made ahtout these factors. First of all, most motives
behind aid have to do with self-interest either directly [factor (BY/ or indirectly
Jfectors (¢) to (e)/. A corollary to this is that, whenever the aonor's interests
ava at serious variance with those of the recipient country, serious conflict may

enstie.

258. Secondly, in rractice, the motives “or aid do not seem to be especially
ccmpelling, gither singly or toesether. The aid contributions actually made are ~
with a few exceptions, such as Sweden - miniscule (less than Nn.5 per cent of the
zational income in the case of the Tmited States). Fven moral oblisation, which
perhaps ought to be the strongest motive, seems fraught with uncertainties. Is
tliere in practice a likelihoo¢ that rich nations will feel a strons oblication to
assist the poor nations? The answer to this is not clear - esneciallv since a
hieh standard of living is rarely seen as heing dependent on having someone poor
to exploit and look down upon.

259. Each of these two observations has had a far-reachins influence on aid:
policies. The first has led to the multilateralization.of aid, whereby aid is
channelled through multilateral azencies - notably within but also outside the
United Nations system. This has the consedguence of eliminatines the tvne of aid
to the interests and caorices of the donors. It has the additional merit of
freeine the donors €rom the protlenms of how to allocate aid amone the developing
countries and, within countries, as hetween various proiects and sectors.
tdvantageous thoueh it is, this scheme has major, if correctahle, drawhkacks.

[ ——

§§/ *fac®ean and Ralasubramanyam, op. cit., p. 7-8,
59/ Przezinski, loc. cit., p. 63.
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First, it tends to breed a bureaucracy which is slow in respondinr to demands and
resistant to evaluation and change. Secondly, a considerable part of the assistance
tends to be absorbed in overhead costs, producin= generally low cost-effectiveness.
These problems point to one area of poss*hle improvement in multilateral assistance,

260, The second observation has led to a shift in emphasiq towards aid programmes
designed to strenptben gelf-reliance in the recipient countries. %“hen regarded in
per ¢ Eita terms or as a proportion of the total sross national product of the
developing nations, aid is not very significant. It has been estimated to amount
to only about 19 ner cent of total domestic canital formation in developing
countries, 50/ Mor is foreirn aid a sufficient condition for prowth.  Other
factors (e.?. the ceneral level of skills, manaserial capacity, administrative

_capacity, lawv and order, social attitudes, etc.) are as important as canital. If

they are absent, canital will he wasted.

261. The shift in the emphasis of assistance programmes towards the strengthening
of self-reliance in the recipient countries is gainine wider and wider acceptance.

It has been accepted, for erample, by the ''nited Nations Development Programme
(UNDP), the central organization of the United Nations system for finan¢ing technical
co-operation programmes and projects. '"National self~-reliance and collective self-
reliance of developing countries in the field of science and technologyv represent

the basic future orientation of WNDP technical co-operation in this area." 61/

262, "With this shift in emphasis, the need to select judiciously those programmes
which are likely to result in scientific and technological self-reliance becomes
one of utmost importance., Policy plannine for science and technolory therefore also
becomes a crucial and strategic area of technical co-operation. PRut even when
science dnd technolo~y policy has heen laid down,.there remains the problem of
evolving from the policy programmes of activities which are desisned to achieve the
objectives of that nolicy. This is a complex problem and deserves to . be regarded
as another area of technical co-operation.. In the future technical co-operation
must be so oriented as to give these two areas their due weight.

263. Finally, international co-operation, hoth bilateral and multilateral, can
be preatly improved through the elimination of specific barriers which stand in
the way of scientific and techmoloeical growth in developine nations. The General
Assembly made a numher of susgestions regarding specific action that should be
taken iIn this repard. Tor examnle:

"All efforts should be made:
"(a) To formulate an international code of conduct for the transfer of

technology corresronding to needs and conditions prevalent in develop-
ing countries;

6N/ MacRean and Balasubramanvam, op. cit., p. 136.

61/ "UNDP contribution to overview paper on science and technology” (a paper
specially written for the United Mations Conference on Science and Technology for
Development), pararraph 15.
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"(b) To give access on improved terms to modern technologv and to adapt
that technoloey, as anpropriate te specific economic, social and
ecological conditione and varving stag-s of development in devaloping
countries;

"(S) ‘To expand significantly the assistance from developed to.developing
' countries in research and development programmes and in the creation
of suitable indipenous technolocy;

"(d) To adapt commercial practices governing transfer of technology to the
requirements of the develeping countries and to nrevent ebuse of the
rights of scllers;

"(g) To promote international co-operatior In research and development in
exploration and exploitation, conservation and the legitimate utiliza-
tion of natural resources and all sources of energy." 62/

“

2, Promotion of regional co-operation

264, Although the essence of strenpgthening the.febhnological capacity of develop~
ing countries is contained in action at the national level, much is to be gained

bty co-operation among developing countries in the context of a policy of collective
relf-reliance in the field of technolory. It is in this respect that subregional
and regional centres for applied science and technology could have major impact in
promoting the technological transformation of developine countries,

265. The idea of establishing in Africa a netwqu.of instituticns ~ each specializ-
ing in a branch or branches of knowledge related to the exploitation of natural
resources, the development of technolosy for particular industries, or the solution
of specific prohlems of infrastructural development = has already heen endorsed by
African States at a number of meetings. The African Repional Plan nropcses the
establishment of institutions for the followine areas:

(2) Applied science and technoloey;

(b) Earth sciences;

(¢) Mineral preparation and extraction metaliurgy:

(d) Machine desirn;

(e) Tood technolosy;

(f) Marine science and technoloeyv. 63/

266. Examples of the forms which these institutions, viewed as intro-African co-
operation ventures, are reviewed helow,

267. A first possible type of scheme is the creation or strensthening of inter-
national organizations within Africa set up under international (often inter-
governmental) apreements. The main justification for the establisiment of this type

62/ General Assembly resolution 3202 (8-VI), chavter v,
63/ Op. cit,, paragraphs 30-31,
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of organization generally lies in the need to share expensive equirment and to pool
scientific personnel from Africa and elsewhere, In this context, the former ERast
African Community {comprisins Kenya, Uganda and the United Republic of Tanzania)
has firequently heen held up as a successful example. Following its recent demise,
the Community mavy still be held up as Pood example - this time of how short-term
national interests often tend to work acainst this type of organization.

268. A second type of scheme is the estahlishment of national scientific and
technological institutions with international impact. Fssentially, the aim would
be to enhance the international status of, and support for, selected scientific
and technological institutions in African States. Existing African research
institutions, lahoratories or units of international repute could, under this
scheme, be selected to serve as nuclel of development in their specialized fields.

269. Finally, a third type of scheme is the development of a purposeful programme
of international research projects, each of them conducted under the guidance of

a Joint Management Committee. The essential advantage offered by this scheme is
the great flexibility in starting new (and concluding old) phases of the research
prograrmme, and in assoclating scientists and/or technologists as full participants
rather than as "contributing outsiders". 64/

270 . In conclusion it seems appropriate to draw special attention to two obstacles
to vhich efforts to promote regional co-operation in Africa should be addressed.
The first of these 1s the immobilizing lack of resources (notahly personnel and
financial provisions), This is apgravated by apathy and lack of will among member
States. The second is institutional instability within African countries
themselves, and so also within the partnerships they form, The freauent changes

in political alliances often mean that previous links must be severed and new ones
established in their place. These and -other similar problems preatly diminish, at
least for the time being, the effectiveness of intra-African co-opberation.

3. Utilization of the existing United Nations system and other
international organizations

Z71. The complexity and scope of development, as well as the pressures of particular
interest groups, have given birth to several multilateral agencies for development.
In addition, some snecialized agencies, originally established for other purposes,
have assumed Important development functions., The proliferation of these agencies
has bred a host of new problems, and the need for co-ordination of their efforts is
now creater than ever before,

272. Some of the disenchantment with aid is due to the fact that it has been at

the same time too fragmented and too global: divided and aperegated along the wrong
lines. The frasmentation is a conseauence of the numerous bilateral donors' aid
programmes, each inspired by its own comnlex blend of motives, ohiectives and
criteria. Then there are the snecialized agencies of the United Mations, again
pursulng their ovm objectives and {ealously guarding their spheres of competence.
Finally, at the receiving end, sovereign national fiovernments are usuallv accepted
as the ultimate authorities for aid requests, often with little regard to regional
and subregional co-ordination.

64/ UNESCO document SC/CASTAFRICA/3, chapter ITI, paradranhs 145-157.
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273, Recause of inadequacies in purely local efforts, however, developing countries
sti11l require international assistance - esoeciallv during the initial stages of
their development . ‘Improvement of the utilization of' the gources of such assistance,
therefore, is a suhject of arecat impertanné. The tost profitable avenue for such
improvement would ‘appear to lie-in: increased co-ordination all round and a stream—
tining of the aid-oivin" machinery.

274, In 1977 the United Nations system had nine agencies with budegets for activities
in science and technology - the United Nations itself, the Food and Agriculture’
Organization of the United Nations' (VAO), the United Nations Educational, Scientific
and Cultural Organization (UNESCO), the World Health Organization (WHO), the Universal
Postal Imion (IIPU1), the International Telecommunication Union (1T, “the World
Inteilectual Property Organization (WIP0), the World Meteorological Nrganization
('*™n) and the International Atomic Enersvy Agency (IAEA) ~ althouch about 80 per ceut
of the total expenditure on science and technology involves only three acencies ~.
UNESCO (35.6 per cent), ™0 (25.€ per cent) and IAFA (18,7 per cent). 65/ with the
exception of the 'mited Mations proper, each of these agencies is either completely
avtonomous or at least has its own ‘governins body, ‘separate from the United Mations
Economic and- Social Council and ‘the General Assembly. Yoreover, the Administrative
Commiitee on Co-ordination, which is the’ major co-ordinatino hody at the secretariat
level, operates on the basis of consensus, without strong leadership. Consequently,
its decisions tend to represent the lowest common denominator. £6/ Against this
background, it is not surprising that co-ordination amons the agencies is weak. Thore
is therefore a ereat need for some kind of harmonized science and technology policy
foir the Tnited Nations system. ‘ : o .
275. The need for a co-ordinating polic§4t§in# together the assistance programmes
in develoring countries is not, of course, linited to apencies within the United
Hations system. Other international oraani#atibns also need to co-ordinate their
efforts rot onlv among themselves, but ‘also’ with United Nations asencies doing
51m11ar werk, 1t may be assumed, hovever, that' ‘bécduse of the existing adminictrative
structure - however complex and diverse - that links them, the activities of the
United Matious amenciec are mora amenable to co—ordination. -In any case, they appear
to he the most logical startine point. . . '

276. Africa, wvhich more than most reoions needs regionally planned and executed_
prorrammes, has in fact least enjoyed the benefits of such programmes. The aid
effort has tended to reinforce the hiqtorical, geographical ‘and political fragmentu-
tion of the continent, and the fluctuations of ‘aid over time, its unrealiability

and its volatilitv in response to political forces have aseravated the already
difficult probleirs of co-ordinatior and forward plannine, Ql/ The answer may well
lie in strengthening the Economic Comnission for Africa sufficiently to enable it
to plan and execute regional development proprammes more effectively and on a large.
scale than at present. This will reﬂuire. '

T iw

65/ '"Draft working paper of the Ad hoc Working firoup on Policy for Science and
Technolopy Vithin the United Mations System" (paper prepared by the secretariat of
the Advisory Committee on the Application of Science and Technolopy to Developmert S Mny
1678), paragraph 14, '

66/ 1bid., paragraph 17,

57/ Paul Streeten, Aid to Africa - A Policy Qutline for the 1970's (New York,
Praecer, 1972), pn, 163=164. ' = it . V0 ST
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(a) Channelling of all aid for subregional and recionzal development projects
thtough ECA, including consultations with BCA in the planning and execution of such
projects;

(b) Devising administrative machinery which would enable ECA to discharge
the above functions with minimum time delays and financial ‘aste;

(c) Strengthening the ECA staff and facilities to enahle it to perform 1ts
new duties,

277. The followins directions of reform in aid are required:
(a) Inclusion of all aid donors in co-operatinﬂ machinery; the joint concern

cught to . be development, and co-ordination within this overriding aim should.be
possible; .

C e

(b) Commitment of aid several years ahead thus guatanteeino reqularity and
continuity of profects;

(c) Encouragement of tegidnal and subregional develooment, ﬁhich transcends
national houndaries and follows economic and ecological lines; and provision of
aid to promote closer integration and, if need be, compensate the losers from integra-
tion; .

(d) Testing of all forms of financial and technical assistance against the
criterion of whether they contribute to fuller. mobilization of indiqetious tesontces.
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VI. PROGRAMME OF ACTION FOR THE APPLICNPIQN OF SCIENCE
AND TECHNOLOGY TO DEVELOPMENT IN THE AFRICAN REGION

Preamble

Recognizing the world-wide urgent need to alleviate the disparities and
inequities which exist between the developed and the developing cowntries, and
hence the need to establish and implement the new international economic order,

Recognizing further that the African countries are particularly wide apart
in the attainment of socio-economic development from the majority of the -
developing countries of the world,

Mindful of the fact that the most urgent call for action is from African
countries that are, and have been, facing the survival-threatening problems
caused by prolonged natural dlsasters,

Cons01ous of the critical and persistent problem in the very large rural
or subsistence sectors of countries within the African region,

Mindful of the obstacles which impede the effective utilization of szience
and technology for survival and development in the African countries and’ hence
of the need to eliminate these obstacles,

-Conscious of the role of science and technology in helping the African
countriés in general to reduce the effects of technological dependency and
approach technological self-reliance,

Recognizing the vital importance, therefore, of reaching a world agreement
on the Code of Conduct on Transfer of Technology,

Recognizing further the importance of subregional anc regional co-operation
as a major instrument to achieve the expansion ot domestic markets to facilitate
the use of modern technologies, efficient industrialization, better integration
into the world economy, and to give greater weight to the position of African
countries in international relations,

Recalling the objectives of the United Nations Conference on Science and
Technology for Development as outlined in Economic and Sccial Seaneil resolution
2028 (LXI) and General Assembly resolution 31/184, and of the necessity of
emerging from the Conference with a world programme of action,

Considering that the world programme of action, both in concept and in practice,
in order for it to be realistic, mission-oriented, purposeful amd conducive to the
realization of the objectives set out within a time frame, should involve the
participation of the entire world community for action at the national, subregional,
regional, interregional and international levels, and particularly the participa-
tion of the developed countries, the Urited Nations system and interrational
organizations,
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The African Regional Meeting on the United Nations Conference on Science
and Technology for Development hereby aiopts the following Programme of Action

and calls on the United Natioms, its appropriate agencies, and the UNCSTD
secretariat to implement the Programme of Action in co-operation with other

international organizations.

A. Institution building for the effective utilization of science ard
technology for development

1. National level

(a) Making firm political commitment to the application of secience and
technology for development and seeking the implementation of national policies
on the same;

(b) Creation or strengthening of existing national structures for poliey
making and planning in science and technology;

(¢) Formulation of central national plans for scientific researeh and
technological development parallel to and concordant with the national plans
for economic and social development;

(d) Reinforcement of existing institutions of scientific research and
technology with regard to their manpower and material resources in oxrder to
enhance their R and D activities and provide them with the much-needed organizae
tional stability;

(e) Orientation of a major proportion of the national scientific researeh
efforts towards applied objectives while maintaining and ppropriate balanse
between applied research and basic research;

(£) Perpetuation of the notion of commitment in the R and D community,
through contractual arrangements, to perform its functions to the fullest
extent possible in the light of national priorities;

(g) Creation of an informed public in science and technology matters,
through intensified action for the popularization of science and technology,
by highlighting the role of science museums and science programmes in the
media and infusing interest in handicrafts and science models while making
their supplies inexpensively available to .as wide a sector of the populatien
as possible; :

(Q) Commitment to the setting up of statutes for policies on natienal
research councils;

(1) Integrating the role of social sciences and the humanities in the
process of over-all development, particularly for the prevention and treatment
of the social ill=effects of new technologies, while working towards the
preservation of the cultural identities of the nations of the region;
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(l) Establlehment or strengthenlng of existing national science and
technology 1nformat10n ‘and documentat101 eerv1ces, 1nclud:ng patent services,

through

(i) Dissemination of freely available technological information %o
local productlon sectors and eerv1cee,

(ii) Implementation of v1able programmes for the popularlzation of
science and technology;

f(iii) Co—operation with regional and international echemee for the
B " establishment of a world network for the exchange of eclence
and technology information;

.. (iv) -Establishment or strengthening of existing bureaux of standardisza-
) "~ tion and metrology.

(k). Culfyral endeavour to acquaint the developed societies with the
01v111zatlen and heritages of the African nations and the potential of" thelr
contribution to humanity;

(1). Establishment of basic national scientific and technolog10a1 services
such as standards, quality control, testing and callbratlon.

L
2o Regional level

é2) sustained support for the African Regional Centre for Technology;

(b) ‘Organization of exchange programmes for scientists and technolegists
in the region;

(c) Strengthenlng of the ties between and among the scientists and spec1al1sts
in the African region, through unions and professional associations;

(d) [Llonvening of regional confereices and seminars, and publishing of
sc1entlfic and 1nformat10na1 perlodlcal on topics of importance to the development
of the reglon'_ S '

(e} Eetabllshment of regional institutions for advanced tralnlng and research,
particularly in those areas of scientific research and technological development
which are specifically relevant to the priority areas of the African continent.

This should :be based wherever possible on maximum utilization of existing institu-
tions in the region and’ ‘strengthening them to be able to serve at the regional level
as an alternative to establishing a chain of new ones;

(£) Establishment of subregional and regional science and techrology informa-
t1on systems, including thoee which are specifically concerned w1th the disciplines
ralated to the development igsues of the reglon'

(g) Establishment of regional centres of high educatione
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(g) Developed countrics

(1)

(i1)

(iii)

(iV)

Provision cf assistance in executing the above programmes at
both the national and the regional levels;

Intensification of the efforts of the developed countries to help

the developing countries in solving their problems through implementa=
tion of carefully designed and effective need--oriented projects for
rapidly increasing productivity and improving services Jas cited

under (D) to (K) below/;

Provision of material assistance and expertise to the countries of
the African region in the organization and management of highly
functional national science and technology infrastructures and in
the assessment of their performance;

Active participation in the efforts of the countries of the region
to establish science and technology information and documentation
systems of utmost utility, and also in the international efforts
to establish world-wide networks;

(b) The United Nations system

(1)

(i1)

(ii4i)

(iv)

(v)

Exerting a world-wide effort for approaching a state of unified
standards and measures by developing a world mechanism for monitoring
advanced science achievements with the purpose of preventing their
use in threatening world peace, humanity and civilization anywhere

in the world;

Revision of the existing procedur:s ror the implencntation and follow-
up of the recommendstions of intermnational conferences and appraisal
of their effectiveness;

Over-all assessment of the output of the United Nations developmental
projects which have so far been impleir:nted in Africa in order. to
benefit from the results in scheming nuw projects;

Harmonization of the United Nations system of science and technology
policies and activities and their co~ordination with those of ‘other
international organizatiors to realize the afore-~mentioned objectives;

Establshment of new institutional arrangemcnts and new forms of
international co—operation in the over-all field of the application
of soience and technology for development,



alfred.morales
Sticky Note
None set by alfred.morales

alfred.morales
Sticky Note
MigrationNone set by alfred.morales

alfred.morales
Sticky Note
Unmarked set by alfred.morales


86

B. Education and training of manpower for the application of science and
technology to development

l. QNational level

(é) Improvement of sciencé teaching in primary and secondary schools by

(i) Review of objectives, methods and approaches to science teashing
and curricula in concordance with national realitics;

(ii) Development of relevant course materialj i
(iii) Development of inexpensive laboratory equipment;

(iv) Training of science teachers, school technicians;

(b) Introduction of techmological education at both primary ani secondary
levels by: , .

"~ (i) Development of Sbjectives and policies;
(ii) Development of appropriate curriculum and course materialj;
(iii) Establishment of workshops for the teaching 6f teohholoeﬁ¢~¥
(iv) Training of teachers .and technicians for teohnolbgigal education;

(¢) Vigorous pursuit of tho deficcratization of general edication at all
levels; ' '

, - (Q)‘ Improvement of the technological content of vocetional training
programmes T

(g) Strengthening of applied science, and science-based programmes in
existing universities;

(f) roview and redesign of university courses in engineering, madicine and
environmental studies so as to make the training more relevar* *o natic.al
development objectives;

(g) Review of objectives and policies for university-based applied and
‘Pure research;

(h) Hstablishment and strengthening of institutions for the ira‘ning
of craftsmen and technicians; : . B

(1) Planning for national investment in science and tachnology education;

(i) Determination of technological manpower needs in all sectors and the
mix of professional manpower requirements;
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(&) Encouragement of more women for science and technology careers;

' (l)' Inculsation in the general population of reading habits, especially
in children, and the attitude of self-improvement through reading;

(g) Provision of opportunity for periodical self-improvemcent through
attendance at refresher courses and workshops;

(g) Organization and mobilization of science and engincering professional
associations;

(g) In-service and in-plant work—-study or holiday job programmes with
strong support from industry;

(R)' Training of persons without formal gualifications but having seoientific
creativity;

(g) Articulated system of selection of eandidates for programncs of study
and training overseas for relevant and specific manpower needs at the local level;

(g) Ivolution of the existing wages and incentive system to depart from
traditional patterns, thereby providing satisfying material reward to seiszobists
and technologisis;

(g) Maintaining continuous training and providing refresher cowrses at all
levels.

2e Regional level

(g) Exchange programmes for students anl teachers of science and tsachnslogy;

(g) Training and fellowship programmes for Afrioca;

(g) Establishment of regional centres for training and provisi
gpecialist expertise in science and technology;

go ol soryansas, ol

(g) Encouragement of the mobility of exparts, exchun
the regulation of the process of migration of trained personnel
within the region;

o

PSSO RA XIS ERRN ]

(g) Ixchange programmes in the field of libraries.
3¢ International level

(a) st _the level of the developed countries

(i) Provision of assistance in exccuting ithe cureory ool soovsmond g
programmes of action at both vaticnsl nnd resionn!
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(ii) Training and fellowship programmes in science and technology;
(1ii) k«change programmes for scudents, teachers and research workers;

(iv) Engaging individuals from theé region in the projects carried out in
the developed countries for the begefit ef development in Africas

(v) Revision of the existing systems and programmes of educating and
training citizens of developing countries in the developed countries,
“'to inorease their effectiveness and to make them more relevant to the
needs of national development in the developing countries;

(vi) Training of citizens of developing countries in the developed
countries institutions of tschnologioal development and production'
and in plants on modern methodologies which help in promoting produc-
tion and services -and introducing new perceptions in the countrleeA
of the region; :

(b) The United Natlons exstem

(1) Organlzatlon of Lnten31ve training programmes and establishment of
rogional and subregional training ‘centres which are concerned- with
tha- fundamental development issues, including advanced vocational
production training to produce different levels of graduates and
trainers, and support of existing institutions;

(ii) Over—all assessment of the criteria used in the selection of inter-
national experts with regard to their capabilities, suitability for
their commissions and remuneration, exerting efforts to ensure-that
a substantial number of competent experts and consultants from the
African region would be selected for commissions within the region;

(iii) 1In hiring local experts observing a certain balance among the various
Afrlcan subreglons,

(iv) Work towards the establishment in Africa of at least one’ Unlted Nations
sponsored-university as a centre of excellence to serve the entire
‘region and to accept a eubstantlal proportion of Afrlcan studente
who- seek high levels of education in the developed countrlee.

Ce Development, choice, transfer and adaptation of_technologz in Africe

1, National level

(a) Establishment of national centres to advise on the development, adapta-
tion, transfer and appropriate choice of .téohnology -and to supervisé and follow=up
on the implementation of technology related activities;
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(1) Establishment and/or strengthening of national information amd ' - -~
dooumentation services as viable centres for the acquisition and dissemination
of inform&tion.onmthe;teqhnicql,_economio andhlegal.aspects.of the choice,

transfer: .and development of -technology;

(2) Formulation of national policies ani establishment of national laws
and regulations governing the import and use of technology;

(4) Promotion of the local capability in the fields of engineering design
and consultancy services; . .

(¢) Promotion of R and D capabilities in local industrial conserns and .
the oreation of effective linkages between research and development institutes
and the .ugsers of their results;. .

(£) Orientation of a major proportion of the national seiegtifis pesearch
resources towards applied objectives;

(g) Study and implementation of measures to stem anl reverse the byaine
drain as well ‘as inappropriate deployment of local high level magpower;

(b) Development of measures to ensure maximization of the effectiveness
and utilisation of technical assistapce;.:7.<

(L) Participation of local research and development institutiens in
consultative and executive capacities in the various phases involved in the -
process of transfer of technology; .. ..

(i) Setting up of registers of imported teohnologies olassified by sestors
and by short-, medium- and long-term replacement potential.

2. Regional level - ) N

(a) Establishment and/or strengthening of regional and subvegienal eentves
for technology and centres for science and technology information and doeumentaw
tion toz + .o . . N : e , .

(i) ‘Provi&étgﬁided:iqadership.?ﬂhtﬁé &éﬁélqﬁmént, transfer and

- appropriate. choice of technologyj

~:. (¥i) ‘Aot as forums for the -exchange of information and expevienses
-+ vwithin-the region; -~ . =~ .. T o ‘

(iii) Provide advisory and comsultative services;

(iv) Serve as centres fofhfﬁéféé;érﬁinatiOn,'harmonization and ratienaliza-
tion of national and international programmes and efforts in the
field of science and technology;

(v) Promote regional scientific and technological co-operation;
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(b) Identification and strengthening of competent centres in the region to
act as co—ordinators, of effeotlve networks on important areas on science and
technology on. the reglonal and/or subreglonal 1evels,

( ) Malntdlnlng a roster of " engineering design- and oonsultanoy servises as
well as data on experts and R and D institutions and facilitate the dissemination
of such information to users within and outside the region;

(4) Encouragement of joint industrial ventures (investments) particularly.
among neighbouring countries;

(¢) Istablishment of regional training centres in areas of partioular
interest to the region through the upgrading of existing centres of exoellence
in particular fields; C

(£) Establishment of an African Regional Centre for Engineering Design
and Manufacturing; .

(g) Promotion of subregional and regional indigenous oconsultancy and
contragting associations;

(n) Strengthning of the role of ICA to co-ordinate and follow-up on the
implementation of the aforementioned activities;

(i) Encouragement of transfer of appropriate technology beiween ecountries
within the regign through elimination of restrictions, adequate information and
documentation and preféréntial treatment;

(1) Strengthening of scientific and technological co—operation through
the .estgblishment of common research projects.

-

3. laternational level

\a) Adoption ¢f a multilateral legally binding code of conduct on the
trausfer of technclogy, with specific provision for its implementation at the’
national, gegional and international levels;

(b) Establishment of an international compensatory fund - to which the
developed countries should contribute substautially — to compensate Africa for
the serious brain movement from the region, and use of these funds for the
technological transformation of the region and for training purposes;

Y -

(¢) Establishment of a risk capital fund, especially in existing inter—
national and regional finance institutions, to finance technological development
projacts in developing countries;

(d) The decommercialization and depackaging of technology with a view to
expanding the supply of freely available technology, '
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(¢) Establishment of a United Nations body, preferably the strengthening
‘of an existing one, to co—ordinate the science and technology elements in the
various existing United piations organizaiions and to serve as a referral serviee
for Governments;

(£) International organizations and international financial institutions
should be directed to encourage maximum utilization of available manpower
resources and consultancy organizations in the regionj

(g) Provision of technical expertise and material support which would
enable the countries in the region to produce capltal goods which relate to
ba51o development requ1rements,

(h) Provision of practical assistance to the developing countries in
matters relating to the transfer of technology through the establishment of a
vorld centre, with affiliated technological information bank, which would
participate in the negotiation processes and the Subsequent follow up and
evaluation of projects.

Action by developed countries

Special treatment should be given to meeting the technological needs of
the African countries aiming at their technological transformation and the
reduction of their technological dependence through the adoption of the
following measures by the developed countries:

(a) Provisions of assistance in the development of the scientific and
technological infrastructure in Africa by giving effective support to institu-
tion building and training of manpower;

(b) Asgist in the development of the scientific and technological
infrastructure in Africa by giving effectlve support to in: iitution bUlldlng
and training of manpower;

(c) Increasing technical information availability through accelerated
declassification of non-military information ourrently considered proprletary
to security or company interssts;

(d) "The entire spectrum of problems 1nvolv1ng industrial property system
and technology transfer, including the advantages of transferring vertieally
integrated technology;

(e) Redirection of a substantial party of R and D resources to taokle the
speocific technological problems of the African continent. Such efforts should
be problem—and action—-oriented and should be located in the continent to utilize
and bolster its acientific and technological resources and capabilities;

(f) Engaging personnel from Africa in the projects carried out in the
developed world for the benefit of and/or for implementation in Africa;
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(g) Facilitation of the utilization of transferred technology in such a
manner as to assist the African countries in attainlng'thelr trade and’ develop- ‘
ment objectives;

(h) Control over the practices of transnational corporation in developlng
countries of the region;

(i) Provision of finance for Reand=D oo-operative activities in the region.

Action by the United Nations system

1., CEstablishment of an effective world technological information network to
enhance the productive capabilities of developing countries, including a revision
of industrial property laws and regulatlons, partlcularly those dealing W1th
patents and trademarks;

2 Adopfion of a world infegratad programme for-the development of appropriate
and intermediate technologies to improve the quality of life and improve the
productive capabilities of the rural areas in the developing countries;

3« Harmonization of the science and technology policies and aotivities of the
United Nations system and their co—ordination with those of other international
organizations, and provision of guidelines on- general scientific and technological
policy; .

4o Establishment of a mechanism for an effective continuous dialogue and comsulta=
tion between developed and developing countries on issues pertaining to science and
technology and to the question of the adaptatlon, development and transfer of
technology in particular; .

Sa The United WNations system should help Afrlca in partlcular in:

(a) Building up the necessary 1nfrastructure for the effeotive applioation
of science and technology;

(v) Controling and/or regulating the restrictive praotlces by transnational
sorporations in connexion with their operations in the region;

(c) Effectively supporting the region in its effort to obtain. preferential
treatment in the field of the effective choice and transfer of technology,

(d) Pressing for the honouring of commitments and resolutions adopted ai
the international level on issues pertalnlng to science and teohnology,

(e) Strengthenlng the role of ECA inm terms of structure and resources in
orcer to improve its capability in the provision of assistance and support in
science and technology.
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Ds ‘Food and agriculture
le  WNational leve

{a) Formulation of national polieies for the utilization of seience and
techno;ogy in agriculture for the social and economic welfare of +the people;

(k) Formulation of a strategy for rural development based on, among
others, the development of agriculture and agro-based industries;

- "{g) Utilization of science and technclogy for improving production of
food in quality, quantity and diversity;

(g) Provision of gainful and productive employment, especially for women,
in jhe agricultural sector; : <L

(g) Production of cash erops in order to improve the income of rural
households; and export and import-substitution crops for foreign exechange
earnings and savings;

(g) “Increase in the knowledge of the environment, including weather patterns
and the assimilation of processes and phenomena that are of importance to the
development of agriculturc, and orientation of research towards new technologieal
fields = usually fundamentally biological means in improving soil fertility and
the protectior of vegetation;

(g) Inventory of resources such as climate, soils, vegetation, and surfaee
and underground water in order to determine the land capability and the best
agricqltural activities in relation to the environmental eapacity;

(g) Improvement of distribution and marketing farilities for agricultural
products;

(i) - Development aid application of suitable technologies in order to bring
arid, semi-arid and swampy lands into production;

(i) Developmeat of technologies that permit optimum utilization of the
limited water regources for irrigation;

(g) Developnent of technologies that are commensurate with land use
intensification for rainfed agriculture in the over—-populated areas;

(1) “Bstablishment and/or strengthening of R-and-D institutions to improve
local agriculture;

(m) Establishment of crop improvement programmes through plant breeding,
crop husbandry and crop protection; .

(n) Exploration for suitable plants for food and industrial product;



alfred.morales
Sticky Note
None set by alfred.morales

alfred.morales
Sticky Note
MigrationNone set by alfred.morales

alfred.morales
Sticky Note
Unmarked set by alfred.morales


9L

(o) Development of pre--and post--harvest technologies to minimize losses
in agricultural products, particularly grains; el

(p) Implementations ot the food and agriculture related recommendations’

of the United HNations Conference on Desertlflcatlon at the natlonal level;
R P

(g) Adaptatlon, deve]opment and productlon of agricultural tools and
machlnery for different purposes and condltlons,

. {z) Research on and development of llvestock farming, animal nutrition
techniques, animal diseases and the product1on of drugs and vacclnes to control
them;

(g) Study of non-domesticated animals as potential food sources;

(t) Research in agrometeorology particularly in regions frequently affeeted
by drought and other weather hazards,

-

(u) Development of flsherles, 1nclud.1nb preservation of products;

(v) Development of forestry through approprlate programmes of forest
- Xesources development and  congervation; -

i

(w) Hstablishment and/or strengtheniag 6f food technology institutiogsj
and development of new precessed foods from existing agricultural products;

(x) Provision of education and tralnlnb for supervisory, extension and
other workers for agriculture;

(x) Provision of adequate resources for the development of agriculture;
. (2) Iquita ie distribution of land:

(aa) Development of special foods for livestock utilizing fortified
agricultural: and industrial wastes.

2 Regional level

(g) istablishment of subregional bio-=climatological centres;
(b) Co—operatlon in water development progects for 1rr1gatlon°.

(¢) Establishment or strengthenlnﬁ of subreglonal and regional centres
for abronomlc research;

(d) Zstablishment or etrengthening of 1nsect pest control centres,
especlally migratory insect pests; o '

(e ) Establishment of centres or provrammes for the control of the major
llvestock diseasses; - - - FRR
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(g) Establishment of tsetse fly eradication programmes;

(g) Development of suitable agricultural tools for different purposes
and conditions;

(Q) Research on and development and utilization of improved agricultural
techniques for both traditional and new crops; '

(l) Research on and development and application of stock farming and
animal nutrition techniques;

(1) Creation of a germ—plasma bank;
(&) Establishment of centres for marine science and technology;

(l) Establishment of research centres for the genetic improvement of the
main tree species;

(g) Establishment of education and training centres for supervisory,
extension and other workers in agriculture.

3. International level

(a) Developed countries

(i) Assistance in implementing the above programmes at both national
and regional levels;

(ii) Development of favourable terms of trade particularly in relation
to the prices of primary and processed agricultural producis;

(iii) Preferential treatment of African countries with regard to the
sale and supply of oil, fertilizers and pesticides;

(iv) Preferential treatment on agricultural development for countries
prone to frequent droughts and desertification;

(v) Implementation of the recommendations of the United Na*iora
Conference on Desertification at the international level;

(vi) Application of science and technology in the region in a concerted
effort to increase the indigenous production of food supplies and
other items of basic human needs.

(b) United Wations system

(i) Financial and material assistance from WMO in the field of
agriculture;
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(ii) Competent United Nations agencies should assist African ocountries
i developing high yielding varieties and advanced agrioultural
‘techniques, establishing agro-indistries; ag*o~metro]ng'cal and
hydrclogical activities.

E. Housing and urban development

1. fatinpal level

(a) Formulation of effective and reasonable urbanization and habitation
policies which will %ake into account high and low dcnsity dwelling araas w1th
back-up support from soience and technology through:

(i) The provision of urban and rural plaining and setilement designs;

(ii) The development of improved traditional and new building materials
based on local resources through research;

(iii) The development of suitable, inexpensive methods of construotion;

(iv) Establishment of National Building Standards Bureaux for the
standardization of building material and components with regard
to dimensions, composition, quality, performance methods of
manufacture and testing; "

(b) Provision of adequate utilities in partlcular water, severage and
waste disposal systems;

{c) Encouragement for the formation of 1ndlgenous consulﬁlng o"gaﬂwzatlons
to help to develop appropriate techniques in the area of deulgn ard construvotion
and to promote the effectlve transfer of teohnologies_relevant to lonal needs;

(d) Promotion of the establishment of small-scale manufacturing units for
the production of bulldlng materials and components,

(g) Establishment and/or gtrengthening of research projects'oh local
huilding materials. .

2o Regional leve:

‘(a)+ Strengthening of selected national training centres for personnel in
xroplcal architecture, urban planning,” bulldlng and oonatructzon *echnology for
regional training;

(b) sStrengthening the research capabilities of these selectod: ins titutions
for the development of local bulldlng materlals,' : "

(¢) Subregional and regional arrangements for planning dasign and
construction of housing projects.
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3. International level Ce e

(a) Establishmeat of a capital fund to finanecé the training of manpower
in the technology of urban development and houeing;

(Q) Establishment of f1nanc1al support through scholarships for the
training of manpower. in.the aireas of water resource development, waste dlepoaal,
urban planning and road construction; p

(¢c) strengthening of existing United Wations agencies concerned with urban
arnd housing in the region. _

F. Health and sanitation

1. Natiopal. level

{a} Control of transmissible diseases by: vector control, diagnosis and
treatment ;0f diseases and programmes of immunization;

:€p) ' Improvement of national health planning, implementation ani evaluatien
of the followings

(1) Heelthﬂeducatlon of the public;
(11) Improvement of health lnfrastruoture;

zws(iii) ‘ Improvement of nutritional status and maternal and ohlld care}
(1v) Research on drug safety and drug dependence°

a (v) Safe and ethical programmes of family planning;

(¢) Research on medicinal plants and on traditional medicines;

{d). Protection of workers against professional diseases in agrlcultural
and 1ndustr1al enterprlees,

(e) Development of the appropriate health teohnology;
(£)- Trainirg of health personnel.
2. Regional level

(a) Lstabllshment of research centree for med101na1 plants and traditional
drugs; - :

() Control of transmissible diseases at subregional and regional levels;

(¢) Assistance in the training of high level health personnel in the
fields of education and research,
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3+ International level

(a) Conil. ol of communicable and transmissible diseases;
() Training of medical and paramedical personnel;
. '(c) Orﬂanization of joint medical health research programmes in

co=operation with cther regions particularly with countries having similaw
problems.

Ge Transport and communications

l. Hational level D

(a) Improvement and extension of road transport services throughs

(i) Establishment of national transport institutes entrusted with the
economic and .engineering studies ¢f the various projects;

o - (ii)- Establishment. of consultant bureaux for road planning and designj
(iii) Rational organization of road transport services;

(iv) Improvement of the organization of road maintenance by natjonal
enterprises; .

(v) Construction of service roads in the rural areas and/or improving
existing ones;

(vi) Participation in the United Nations Transport and Communications
Decade in Africa;

(b) Strengthening of railway transport through:
(i) Improvement in the operational efficiency of existing railmroutes;

(ii) Adaptation of methods to achieve the linking of railway systems
of different technical specifications;

(iii) Development of improved handling facilities at railway terminal
points;

(iv) Improvement of maintenance services for railway equipment°
(c) Development and 1mprovement of 1nland waterways and maritime shipping;

- (d) Improvement of efficiency of port operations;
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(e) Improvement and development of a.ir-transport facilities, and services;

(£) Development and improvement of telecommum.oa.tmns networks and servioes

through:
(i) Improvement and expansion of national networks;

(ii) Development of teohnical oriteria for the planning of national
telecommunications networks and servioces;

(1ii) Maintenance of telecommunications networks and equipment;

(iv) Improvement of telecommuniocations links with neighbouring
African countries;

(v) Development of the telecommunications and electronics industry;

(g) Training of personnal in all areas a.nd at all levels of transport
and communications.

2 Regional level
(a) Inauguration and completion of the trans-African highway network;

(b) Development and 1mpmvement of subregiona.l and regional teleoommmoa.-
tions networks and sexrvioces; .

(¢) Development of methods to achieve the linking of railway systens of
different technical speo:.fioations; e

(4) Organization of subregional and regional conferences, seminars and
symposia aimed at:

(i) Transport and communications improvemexit, research and development;
" (4i) Harmonization of administrative, oustoms and immigration formalities

and adoption of identical nomenclatures, documentation and legisla-—
tion by all oountries in the region;

(e) Establishment of intra—Afncan a.irl:.nes and the improvement of air
freight and air mailj

(£) Establishment of subregional and reg:l.onal engmeenng airoraft
malntenance services; .

(g) Development of multinational inland wateruay a.nd mnt1m shipping
lznes,
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(b) Strengthening of oo-operation between neighbouring African countries
through the harmonization of road signs and signals and ax’e load limits, Bo.
as to permit infrastructures and equipment to be built in future as to render
intercountry transit as easy as possible. '

3 International level

(a) Assistance by the Intérnatiohél'Telecommunicétion Union for the
speedy installation of pan—-African telecommunication network;

(g) Assistance in implementing the above programmes at the national
and regional levels,

He. Natural resources
1. National level’

(a) Bstablishment of a basis for taking inventories and for developmunt,
planning and management of the natural resources of each African country;

(b) Development and rational utilization of natural resources;

(¢) Training of national personnel to perform the required specialized
services in the development of natura} resources;
(4) Establishment of national documentation services to collect and
disseminate information on natural resources.

2e Regional level

(a) Promotion of joint manufacture of large scale harneééigg, difeot.,
utilization and conversion equipment and devices, where national merkets for
such equlpment and dev1ces are too small-

(b) Promotlon of reglonal co—operation in natural resources researoch,
particularly in the exploratlon and utlllzatlon of the natural resources of
the continent; .

(c) Development of research, education and technical training in the:
domain of natural -resources by the establishment of subreg10na1 and ?eg1onal
training institutions and research centres;

(4) Creation and promotion of African multinational companies. and  ~;f5
institutions for the exploration of mineral resources and the utilization =~
of energy and water resources,

(e) Establlshment of subreglonal mineral resources development centires;
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(f) Establishment of multinational centres for marine 801ence and
technology;

(g) Resort to the latest and advanced technologies such as remote
sensing in the survey of natural resources and in mapping-

3. International level

(g) Assistance in the implementing of the above programmes at the
national and regional levels;

(r) Promotion of international co-operation in the field of exploration,
development and utilization of the natural resources of the continent.

I. Indusirial base
1. Natural level

(Q) The establishment of effective linkages between national industrializa-
tion strategies and science and technology policies and activities;

(p) Acceleration of the growth of industries based on the maximum feasible
processing -~ particularly for export purposes and utilization of local raw
materials and resources;

(c) The establishment, whenever feasible, of the higher stages of
irdustrialization, e.g. 1ntermed1ate and capital goods;

(a) Introduction of special measures to remove impediments facing industrial
growth and provide the necessary infrastructure and supporting policies and
institutional ar—angements that are necessary for the acceleration of the
induetrialization prooess; .

(e) Establishment of management and productivity institutions.
2 Regional level

.-«) Adopiion of a progressive industrialization strategy for Afrlca almlng
at substantlally increasing Africa's share in the world industrial production,
reducing dependence on imports of manufactured goods and the creation of a
solid industrial base in Africa in general;

(p) The co~ordination and harmonization of industrialization policies and
programmes in the region and the establishment of regional institutions for
regearch and training in the industrial field, and the encouragement of effective
networks of industrial-related activities and programmes.
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3¢ International level’

(2) Developed countries should relax barriers facing the entry of
manufactured goods from Africa and grant preferential treatment for African
manufacturers; o :

(b) Developed countries should assist African countries to establish .
intermediate and capital goods industries; '

(¢) The African continent has the potential to utilize the current trend
of locating some commodity production centres in developing oountries, particularly
where material and manpower resources are available and reasonably priced; the
developed countries are invited to explore these possibilities and use the
facilities offered in the African region in this regard.

Je Rural technology

1. National level

(2) FEmphasis on training of rural artisans and other members of rural
communities on operation, maintenance and repair of agricultural and other
machinery used in their communitiesj : - : S s

(g) Expansion of extension services provided to rural communities and
increased participation of the national Reand-D personnel therein;

(c) Provision of material and informational resources to enable the rural
Afamily to gain access to improve food and agricultural technologies;

(d) Investigation of intermediate, and appropriate technologies for the
development of life, diversification of production and increasing'the'éarnins
capacity of rural communities, such as housing, small-scale production units,
limited processing of agricultural products and utilization of wastes of all
kinds; | . | | o

(g) Greater emphasis should be placed on intensive research deéigned to
examine the role of women, particularly in agriculture and the home with a view
to -introducing improved technologies to assist in their work. o

2e Regional level

(a) Exchange of experiences and information at the regional level in
regard to the above-mentioned recommendations; -° - - - B

(b) Organization of exchange programmes and ‘seminars at the regional
level for extension service workers in the various countries of the region
involved in the introduction of technologies peroeptions and methodologies
in the rural areas.
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3. International level

(a) Develc—ed countries

Provision of assistance, primarily through Reand-D programmes and also
through existing knowledge and knowehow to enable the countries of the African
region tou maximize the benefits drawn from rural technologies in the areas
outlined above;

(Q) United Nations system

Organization of viable programmes specifically designed to help the
Afrlcan countries to introduce and utilize the technologies (as examplified
above ) which have the potential to bring about radical change in rural llfe
and output in African countries,

K. Drought agg;desertification

1, At the national level

(a) Steadily increasing the awareness and action of the inhabitants of the
desert and Sudano-Sahelian areas for the control of drought and desertification;

(g) Establishment of national institutes for investigation and research
on drought and desertification occurrences;

(c) Pursuit of activities already undertaken for the control of drought
and desertification.

2e At the regional level

'(g) Establishment and strengthening of African regional agencies for the
control of drought and desertification;

(b) Financial and material assistance to existing African organizations
(CILSS and the Sahel Institute) to help them to achieve their goals;

(c) Implementation of the food and agricultﬁre related recommendations
of the United nations Conference on Desertification at the national level.

3, At the international level

(g) Implementation of the recommendations of the United Nations Conference
on desertification;

_ (Q) Assistance of international organizations and organs and agencies of
the United Nations system and developed countries to countries of the desert
and Sudano~-Sahelian belt for the control of drought and desertification.
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L. Energy resources

1, National le sl

(a) Conduct- comprehens»Ve anergy demahd and supply surveys in both urban
and . rural areass -

(1) Conduct national surveys of potential sources of energy, identifyings -
(i) Conventional and non-conventional sources of energy;

(ii) The. p0551b111ty of" supplemeritary supply of energy through advanced
technology,

(g) Intensification of efforts in the development, adaptation and transfer’
of technologies for harnessing, direct utilization and oconversion of non-
conventional sources of energy such as geothermal, wind, solar and.bio~fuels;

(d) Intensification of efforts to develop and disseminate the use of
locally manufactured efficient appllances as well as the use of more efficient
energy comversion. methods, .

(e) Introductlon of more intensive rural electrification and other rural
energy supply schemes -threugh the 1mp1ementat10n of appropriate social, economlc
and technical measures; e

(g) ~Developing local design and manufacturing capacity of parts or whole
equipment necescary for the producticn, transmission, distribution and use of
energy;

\g) Undertaking intensive research and experimental development (R—and—D)
work as-well -as 1. npower training in all aspects of energy Gpproprlate to the
socio~econom.c condi‘ions of counvries; '

(k) Startirg immicdiately the preparation of a core of ‘experts in the field
of nuclea» energy through a combined programme of tralnlng abroad. and the
acquisition at home of a small nuclear reactor for research and training purposes;

(i) Immediate.introduction of measures to combat’ the harmful effects on the
environment of traditional energy use patterns

26 glonal level
(a) Subreglonal and reqona.l surveys of potential energy supply a.nd demnd.,

{h). .Co~operation in the exploitation and ‘dévelopment of large—-scale energy
resousces oartlcularly among nelghbdur1ng countrzes,


alfred.morales
Sticky Note
None set by alfred.morales

alfred.morales
Sticky Note
MigrationNone set by alfred.morales

alfred.morales
Sticky Note
Unmarked set by alfred.morales


105

(c) Promotion of trade in energy commodities;

(g) Promotion of joint manufaoture of large-scale energy harnessing,
direct utilization, conversion equipment and devices where national markets
for such equipments and devices is small;

(g) Promotion of regional co-operation in energy resources research and
training.

3. International level

Assistance in the implementation of the above programmes at both the
national and the regional level.

Follow=up activities

It is vital that the momentum generated by the preparatory activities for
the Conference on Science and Technology for Development should be maintained
and that activities should be continued in the region even after 1979. Apprecia—
tion of and reflection on the role and potential of science and technology in
development should be a continuing process. iIICA has an important role to play
in the implementation of the programmes of action, particularly at the regional
level, It is therefore recommended that the finances and staff of the Socience
and Technology Unit of the ECA Natural Resources Division should be strengthened
to enable it to pursue the necessary follow-—up activities.
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TANE 13 COMPAIMTIVE BOONGMIC DATA OF SOME OOUMIWIRS IN APRICA
1 2 3 4 H 6
| Pepulation .- Zisaace Perelss trede Amisalture Iadgetcy
is in thousgnds in milliens of United in millieas of United Produstion iundex® Perosntage x Keotriolty Perosntage x
Country thousands of United States dollars States dsllars produotion
{1975) States dollars Eillioms of | lLabowr foroe
(1915) Revenne | Expenditure | Inporte e.i.f. Rxports Total Por capits Ladour Poroe | OGP 5 Y
Tood production
1e Algeria 13 550 13 419.7 5 569.2 3 8335 S 862.6 4 4406 ] 63 0.4 313 Te3
2+ Aagela 5 10 3 47643 z;-: g “'-!y 490.3 et »” n . 1 100
3¢ Demin t/ 3110 4337 74.0 T4l 201.2 5040 128 9 L
4¢ Wotewmns t/g/ 690 M2.0 | 1526 99.8 180,0 8.0 “1 14 2
$. Buresd f/g/ 3 160 5176 38.8 42.1 61.7 3.3 132 109 25
6. OCameroom 6 970 2 706.7 78,6 378.6 596.3 “8.3 129 12 8 1130
Te Central
Afriean
Sapive 2/g/ 1 9% 48,1 5.9 1.0 £8.2 1.2 129 101 55
8, cwed {/g/ 4 030 510.2 90,0 5.3 1234 60.3 100 172 61
9s Oougo 1 M9 610,9 326.8 ate 153.8 178.6 " 112 . 10
10. Ngypt 3T 2% 13 691.3 3 015.1 3 015.1 3 933.8 1 401.9 10 104 53e3 8 541‘/ 13.1
M. muiopta t/ | 21 950 3 099.5 #40.5 638.2 29420 26,8 108 8 u* so* 12 7
12 Oaboa 518 2 048.9 7067 7087 L. 2.0 29 m 180
13. Geabia £/ 131 17.8 2149 2241 61.5 aT4 24 100 8/
14+ Gbana 9 870 4 895.9 61441 832.6 805.1 T13.1 123 ” 60°* a0 3 695
15. Ouines £/ 4 420 57344 151, 151, 15443 138.9 " 90 530
16 Ivory Coast & 740 3 796.7 843.6 843.6 1 .126.9 11816 4 128 . 962
17 Keap 13 400 3 186.5 76542 139.9 910.7 4164 37 4 %0* 901
18, Lesotho t/g/ 1 040 110.6 1.5 7.5 159.9 1702 " 190 ., &
19, Lideria 1567 855.0 125.2 123, B3 405.7 “s 102 ' 895
0. Uvm 2 Mo 13 69407 1 0474 3 548,72 3 S42u 6 83741 m (1) t e
21e Nadagascer 7 520 t 156.5 2134 303.8 310.0 294.0 121 ” 150
22, Walawi t/g/ 5 040 758.6 129.0 135.7 2247 134.1 58 16 263
23, Mali t/g/ 5 700 506.8 80.6 7.8 161.0 49:0 % 69 80.5 £
24, Neuriteais 1 320 463.0 13,9 139 108.7 118.3 L3 4] 91
25 Wauritius 885 5555 142.3 161.3 331.8 308.0 8 n 28.2 224 11.5
26. Moroooo 17 250 7 315.7 3 763.6 3 886.7 2 566.6 1 543.1 130 93 5040 2 816 10,4
27, Nossmbique 9 060 2 687.9 su#’ 543.7 $00.0 212.0 115 8 13-4 ml/ 9.7
20, Biger ¢/g/ 4 600 715.2 76.4 8.3 810 8.0 9 [ 72
29, Mgeria 62 930 24 609.7 5 490.5 5 695.9 6 041.3 T 9934 13 L] 3 100
0. Saate t/g/ 4 200 7.8 5.4 46,1 96,1 2.2 163 116 139
3. Seaegel 4 200 1 720.6 329.0 3289 559.5 489 us 108 435
32. Sierrs Leone 2 15% 605.9 96.1 98, o/ 185.0 130.3 23 101 220
33, Somslis g/ .3170 492.5 12,0 162.0 1.2 94.0 123 9 ‘ “©
M. Sudas t/ 17 160 3 253.9 541.9 630 955.9° are -’ 922 66.5 39 3252 40
35« Swmailand 4% M4 62.9 62,5 178.7 179.5 198 " 148
¥e Togo 2 220 57741 2.4 2.4 1741 125.9 2 . L] 127
3. Taalsia 5 582 4 3.7 8553.8 1 246.5 1 423.8 855.6 187 145 41.0 1204 1.7
36, Ugesds £/g/ 11 55 2 6211 292.7 305.4 128.8 263.6 18 & ©* 50* 810
39 Uatted )
Republio of
Tansants £/ 15 160 2 553.3 ma 832.1 7153 8.6 151 13 91,2 4« 561 o7
40 'v'ZI'J /s § 0% 331.0 70.3 70.3 151.2 3.5 "3 [ “V
4. Belre 24 900 36116 1 113.0 1 113.0 905.0 821.0 123 ] 4110
42, Zambie gf 4 900 2215 1 000.9 11739 95141 009.8 163 " 5.2 6 191 6.8
Sourcet Africsa Statietiocal Yearhook 1976
Uotey
+ TPros nationsl papers for UNCSTD
1 ILO Year Book Sf Labowr Statistios 078- 675
of 1914 b/ 1913 of 1965 af 1911. o/ 1965 1/ Least developed coustries g/ Lead lodked ocomstiries

& Jadsx oumbers

1961/1965 =

100
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Annex I

Table 2: FEnrolment by level of education in Africa, 19€0 and 1972 (in nillions)

First Second Third

Total enrolment level level level Totgl
1960 19,2 1.9 n.1° 21,4
1972 37.4 .0 0,60 44 .0

_ Source: "Survey of economic and social conditions in Africa, 1976-1977", (part I)
[E/Cn. 147690 (part I)/, table II-4.,

Table 3: Annual average growth rates of educational enrolment by develoving region,
1960-1972 (percentage)

First Second Third

level level level Total
Africa 5.7 ' 9.8 10,5 6.2
Latin America 5.0 lﬁ.S 1.0 6.1
Asia 4,1 5.3 2.5 4.5
Arab States 5.9 19,2 11,9 6.8

Source: '"Survey of economic ani social conditions in Africa, 1976-1977" (part I)
[E/cn 147690 (part 1)/, table II-5.
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Table 4:

and pupil/teacher ratios bv suhrewion, ar -und 1972

Annex I

School enrolment, enrolment ratios, secondary vocational studies, pyramid

School enrolment

Tnrolment ratios

Primary Secondary Tertiary Primarv  Secondary  Tertiarv
Subregion (in thousands) {rercentare)
North Africa 10 2%6 2 990 446.0 60 22 4.0
Hest Africa 8 584 977 . 53.4 42 7 0.6
Eastern Africa®’ 8 355 74 36.8 4%, 7 n.5
Central Africa2’ 5 576 614 26.6 87 12 n.7
Southern Africahj 365 38 n.7 8¢ 15 0,5

Proportion of
secondary stu-
dents in voca-

Pyramid ratios

Tynil/teacher ratios

Secondarv/ Tertiary/

ticnal studies Primary Secondary Primarv Secondary Tertiarv
(percentage) (~ercentane) (~av {1~ ~er teacher)
North Africa 15 2" 15 32 24 i7
West Africa 2 11 5 35 25 ¢
Eagtern Africa?’ 7 10 4 43 23 12
Central Africa?/ 17 11 4 46 26 11
Southern Africa® 8 10 2 42 22 g
Source: '"Survey of cconomic and social conditions ir Africa, 1776-1°77" (part I)

[i?cn.14/690 (part 1)/, table Ii-3.

a/ The

b/ PRotswana, Lesotho and Swaziland -

dy.

countrv coverage docs not correspond to the FCA suhreecions.
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Annex I

‘“-m -nllnnlmun.ru-mw--v_mc->

MG 0P
PEORER OR EDUCATION BOCIAL BMTUML .03 WRICAL wor 80D TOMAL  PERCENTACR
couwray eV DIPLORA 7 ARrs SoIERCE sormcEs m-um WINCES PRI (4e50607) 9/1
" ot mvmvw TomL ] oeoT? 0TICES wimcss  whmces  ASTS "
[ X ECATION CINCES TIACTES WL NGRS oxIrnE
oIRLOE FRAUX-ARTS SOCIALRS ITORLLES [~ ]
[{}] ) ()] W ) () (n (®) 9 (10)
ALGERIA 912 ' - - - - - - - - - -
mwmn 3 245 t 4 6% s » e a - 832 33.89
wn ¢ - - - - - - - - -
- 1973 A £ 05 ] n - - - - n %12
. . .9 ] ] 52 - 1 - - L3 - 7] 31.58
913 [ - - - - - - - - - -
oM 1970 4 m » )] - L} » 10 - 56 2.1
1910 » n n - - - - - - - -
1910 [ - - - - - - - - - -
cab 1913 I 2 13 F1l [ ] - - - - 8 19.05
1913 » 3 " ” - - - - - - -
1913 ¢ - - - - - - - - - -
00 1912 [} 37 32 u' » - - - N 12,06
1912 » 9% n [ (1 - - - - 6 25
1912 ° - - - - - - - - - -
o 19712 A - - - - - - - -
:;l'; : n 9 9 639 1 9527 1487 4 %8 4 49 3% - 16 320 43.03
TIEIOPIA 1912 [y 442 e 2 " 8 u - - 10.41
9 » %62 188 1“3 [4] » ¥ 5 - Ex1) 41.10
1972 [ - - - - - - - - -
aapon 1913 A [33] 61 ") " 1t - - - 22 16.79
1973 } ] - - - - - - - - -
1913 -] - - - - - - - - - -
u-&/ 1912 4 ol 126 -’ - [ ] “ 46 - 135 55.16
912 » 8%0 950 L A1) @ ] 52 - 89 J2.84
912 [ 198 128 - 3 1 - - - 10 1.2%
IVORY oS 1913 A 124 - -4 - - - - 19 -
1973 » m 158 ” " - 20 - - 37 12,61
1913 ] ®0 H - " - - - - 19 41.50
e/ - H S S B ; % : noo3s
9T ¢ ¥% a ” R " bt a t *1 hanid
LESOTHO 1971 A » - 1 - - - 15 - 195 60.18
91 B 76 \l 1 - - - - K
9 c 2 ,2 ’3 : - - - - ‘: " 92
LIWeRIs 1913 A - - - - - - - -
.9 ] 163 51 (1) » - - - - - -
. " [} - - - - - - - - -
LISYAS AMD .
ERPURLIO 1;'1; : con - .. - - - - - - -
) - -
T2 ¢ - o »w n - - » - bl Bu
MMUAICAR 1910 A » 270 9. [ ] - - - 88 22.62
:% : u©15 [} s [ 9 - " - % 38,18
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TABLE 5¢ EDUCATION AT THE THIRD LEVEL:; STUDENTS QRADUATING BY LENEL OF DNCHEE OR DIPLOMA
AND BY BROA 8T0DY

FIELDS OP IN THE YEAR INDICATED (ocomtisded)

- ENSRIGNEMENT DU TROISIEME DEOHE : REPARTITION SELOF LS NIVEAU DU GRADK OU DIPLONE BY PAR
GROUPES D DISCTPLINES IXS EYUDIANTS AYANT OPTENU UN DIPLOME AU COURS DR L'ANNET INDIQUES

(wuite)
BROAD FISLDS OF STUDY
OROUPES IR DISCIPLINES
sTiGE OF NMANTTIES LA
1/ DECREE OR BDUCATION SOCIAL NATURAL ENGIR. MEDICAL uor SUB TOTAL
courray TRAR DIPLONA FIEE ANTS SCTERCES SCTRICES ERING SCIENCES SPBCIPIED (445¢647) 9/4
TS Y/ oy ;O LETTERS DROTY ScIERCES s TERCRS smmes O
GRADE O EDUCATION SCIFECES EXACTES DE L'IN- MEDICALES ¥O¥
DIPLONE BEAVX-ARTS SOCTALES MATURELLES CENTEUR SPECIPIE
(1) (2) ) (4) (5) () (1) ) (e (9) (10)
MALAVT 1972 A 193 48 54 - 47 1 43 - 9N 47415
1972 B 10 20 31 10 - - 9 - - 19 27.14
1972 [4 - - - - - - - - . - -
WALI 1969 A - - - - - - - - - -
1969 B 128 k) 41 - 25 - 22 - a7 3¥6.72
1969 c - - - - - - - - . - -
MAURITIUS 1973 A 113 - 69 - 25 - 19 - 44 38,94
1973 B 12 - - - - - 12 - 12 100,00
1973 c - - - - - - - - - -
NOROCCO 1972 A t 240 1043 60 85 - - 52 - 137 1M,
1972 B 1 809 1020 561 3 68 50 19 - 228 12,60
1972 c 89 24 44 2 8 - 1 21 23460 |
MOZANBTQUE 1972 A 33 27 [ - - - - -
1972 B 158 60 - 9 4t 41 7 - 98 62.03
1972 c - - - - - - - - c - -
¥IGERIA 1973 A 849 595 240 - - 12 2 - 14 1.65
1973 B 3 406 1021 990 559 220 324 292 - t 395 40,96
1973 c 238 145 69 12 3 1 8 - 24 10,08
RNANDA 1973 A - - - - - - Coa - - -
1973 B 105 67 10 9 - 19 - - 28 26461
1973 c s - - - - - - - - -
SENEGAL 1970 A 236 52 136 - 48 - - - 48 20.34
1970 B 218 " 3t 30 - 40 - - 70 32,11
1970 c 3 3 - - - - - - - -
SIERRA LEONE 1973 A 11 4 4 7 - 62 - 69 89.61
1973 B 240 158 18 41 14 - 9 - 64 26467
1913 c 69 &9 - - - - z - - -
SUDAN 1973 A 823 438 44 17 04 9% 124 JUE Y k! 41443
1973 B 2 185 866 862 59 o4 136 166 ~ A 457 20,91
1973 c 124 36 69 10 1 5 3 - 19 15.32
TOGO 1972 A 154 63 45 39 - 7 - - 46 29487
1972 B 149 16 53 15 - 5 - - 20 13.42
1972 c - - s Z - Z - - - -
TUNISIA 1973 A 292 257 35 - - - - -
1973 B 910 kAl 532 130 " 66 40 - 307 33.74
1913 ¢ - - - - - ~- - -
voamd/ 1572 A " 2% - - - 8 - - 8 23.53
1972 B 5% 445 k' 1% - 55 83 - 212 36422
1972 c - - - - - - - - - -
UNITED REPUBLIC OF
CAMEROCH 1971 A 208 9 17 - - - - - - -
1971 B 282 170 n 45 - - 10 - %5 26.60
1971 c - - - 2 - - - - 2 -
UNITED REPUBLIC OF
TANZANIA 5/ 1972 Iy b1 30 41 - - - - - - -
1972 B 605 415 s3 54 - 30 53 - 137 22464
1972 c 46 43 - - - - - 3 - -
UPPER VOLTA 1973 A 13 - 15 - - - - - - -
1973 B 47 39 - - 8 - - - 8 17.02
1973 c - - - - - - - - - -
ZAIRE 1973 A 933 72 181 206 128 46 -~ - 380 40.73
1973 B 1 556 424 539 350 13 105 25 - 593 3811
1973 c - - - - - - - -
ZAMBILA 1973 'y 153 153 - - - - - - - -
1973 B 284 143 M 60 26 18 3 - 107 37.68
1973 c - - - - - e - - -
Sourcet UNESCO Statieticsl Yearbook 1975, Table 5.4. Bourcs 1 UNESCO Annuaire statistique 1975, tablesu 5.4. }
Notes Noten
Loval A. Diplomas and rertifioates not squivalent to & first university degres. Nivesu A. Les diplBaes et oertificats non équivalents A un premier grede universitairs sont

These oorrespond to highar studies of reduced duration {generally less than
three years,) They inolude, for inetance, certificates swarded to certain types
of teohnicians, nursing diplomas, land-~surveying diplomas, sssociats degrees,
osrtifioates of ocompetence in law, eto.

Lavel B. Piret university degrees or equivalent qualificstions. These rspresent
higher studles of normal duration (generally thras to five years and, in
certain omses, meven ysars). Thess are ths most numercus. They inolude typioal
firet degr osuch as the bachelor'a degres, the licence, eto., as well as in
osrtein countries first profeseional deg ‘such a8 d 3 after
ocompletion of studies in msdicine, engineering, law, eto,

Level Co Post—graduate university degrees or equivalent qualifioations. These are
those whioh persons who already possess s first university degree (or equivalent
qualifioation) oan obtain by continuing their stndiss. PFor exsample, the post—
graduate diploma, the diplSme d'étudee supéricures, ths master's degres, the
dootor's degree Fh.D.), ths dootorat de spéoialité oun d'Btat, eto.

1. Aoademic year beginning in the calendar year indicated. More iaforwation on this
point ie given in the genersl intr 10 the " pter.

2. Not inoluding higher teacher training at.noo-uaiveraity institutions.
sciences sre inoluded with humanities.

Soolal

w

University of Nairobi only,.
4. University of Nakerers only. Sooial sciences are included with husanitiea.
5¢ University of Dar es Salaam only. Sooisl soiences are included with humanities.

oeuz déoernds & la fin A'études supérieurss de durée réd uite (en général, moins de trois
ans). Ile comprennent, par exeapls, les osrtificats délivrés A ocertsins types de
technioiens, les diplSmes d'iafirmidre, dtarpenteur, les grades d'associés, lae certificats
de capacité en droit, sto.

Nivesu B. Les premiers grades univereitaires cu diplBmes équivalents sont ceux qui sano—

uonnnt)in études supérieures de durde normale (en géndral, trois & oing aans et parfole
sept ane

Ce sont les plus nombreux. Ils comprennsnt non seulement les grades bien
# que la licenss, le bachelor's degres, eto., mais aussi les titres de
carwotdre professionnel tels que les dootorats décernés dane oertains pays A la fin des
4études de médecine, woienoes de 1'ingénieur, droit, eto.

Niveau C. Les gredes universitaires supérieurs ou diplBmes équivalents sont ceux que
psuvent obtenir, en poursuivant leurs études, les persomnes déjd titulaires d'un premier
grade universitaire (ou d'un diplOme équivalent). Par exemple, le diplBme d'études
supérisures, le post-graduate diploms, ls maftriss (master's degree), le dooctorat de
spéotalité ou d'Etat, le dootor's degres (Ph.D.), eto.

1« Année univereitaire comsengant pendant l'annde oivile indiquée.
reporier & 1'in¥roduction générale de la partis "Education”.

2., Non oompris l'enseignement normal du troieidme d‘tgﬂ dans les éjabliesesments non universi-
taires. Les soiences socisles sout olas! %0 len }g‘in-. .

3, Univereité de lursl'm!.—ut.— - - 3
4. Université de Nakersrs seuleseni. Lees soiences sooiales sont olassées aveo les letires,

5« Université de Dar ee Salsam seulement. Les sciences mcoiales sont olassées aveo les
lettires.

Pour plus de détnile se
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Annex T

TABLE Ts mmwumashmmomwmmnmmwﬁum

SIYIOTIF TOTAL DES BC. mmnmmnmmmmmMAn
mnnumm

TRAVAUX TR
scIENTISTS TOTAL ENGAGRD
OOUNPRY TRAR AND ENGINEERS TEYMIOIANS 1InR&D
PATS ANNEX TOTAL SCIXNTIFIQUES
PP INGRNISURS TROEICING . Million
: - N . Population
: TOTAL r TOPAL r j
H (1) (2) () (4) ) (6)
ezt 1972 ENGAGED 1IN BaD M2 42 .e 100 .o EMPLOTES DANS Li B-D 22
BOPSMANA 19712 i TOmAL arocx?/ 1527 786 .. 741 [ T
1973 ENGACED IN BAD 2 24 - 18 - EPLOTES mn i D 65
CENTRAL, AFRICAN :

mﬁ"u 1969 ! ENOAGED IN BAD 26 ose 102 oo FMPLOTES DANS Li 8-D "
emnt/ 1971 i ENOAGED TN BeD 85 102 ENPLOTES DANS. Li B=D 1]
EaTPT 1973 i TOTAL SPOCK 593 254 EFFICTIF TOTAL

1973 . ENGAGED IN RD s 10 665 .o ENPLOTES DANS Li B-D 299

1978 . ENGAGED IN BD 20 000 16 400 IMPLOTES DANS L4 B-D 500
DITBOUTT 1973 . TOTAL STOCK 35 35 - - EFFECTIF TOTAL
aABON 1970 ; ENGAGED IN D 28 8 20 . BIPLOTES DANS Li B-D
omNA 1970 POTAL ECON & 21 993 6 897 189 15 096 7 %44 TOTAL EOOSOM, ACT:

1970 ! DNOAGED IN R&D 4092 1713 2319 ENPIOTES DABS Li B-D s
IVORY coAs? 1970 . ENGAGED IN RD 541 319 222 DIPLOTES DiFS Li MWD 125
e 1972 TOTAL 700K 13 541, '3 955, 9 586, oo EFFECTIP TOML

1970 ENGAGED IN Rt 1 603 569 934 BIPLOTES DMNS L4 B-D 143
SOCIALIST PEOPLE'S o a - . .

LIBTAN ARAB 1973 . TOTAL BCON 1Y) 18 921, 8 319, 10 602, POTAL ECONCM. ACT!

JAMAEIRITA 1973 | ENGAGED IN Ba] 152 50 142 BNPLOTES DANS Li 85
unaxaet 19M1 | EWAOED IN BAD 298 201 91 INPLOTES DANS Li B~D 43
MAURTTIUS 1973 ' ENGAGED IN RAD 188 91 97 1" D(PIOTES DANS LA B-D 219
ozl 1970 - TOPAL SPOCK 35 126, 19 885 15 241, EPFECTIP TOTAL

1970 . ENGAGED IN BAD 2 816" 2 083 5)) BIPLOTES DMNS Li B-D 51
SENEOAL 1972 ' ENOAGED 1N RaD 908 R 516 BNPLOTES DaNS Li B-D 221

12/ : ot 12/

SEYCHELLES 1973 TOTAL STOCK 300 ves EFFICTIP TOT

1973 . ENOAGED IN"BAD 1 1 - - IMPLOTES DANS Li B-D 18
mlu/ 1971 TOTAL STOCK 16 431° 13 1%' aes 2 639" aee EFFECTIP TOTAL

1971, ENGAGED I RD 4 249 o 222 ven E¥PLOTES DANE Li B-D 29
7000 1911 L r’ AN 672 461 211 vens TUIAL ECONGN. ACTIVE

1971 mﬁ:’o ﬁ \ 136 18 1" 18 BPLOTES DANS Li B-D 68
Tomsu4/ 1972 * ENOAGED IN RD 1 3700 818" 552" BMPLOYES DuNS LA B-D 257
UNITED REFUBLIC OF T
CAMEROON 1970 7 | TOML srock/ 3 so0" vee e ronnly/ 16

1970 .. ENGAOED IN B&D 329 vor e BXPLOYES DARS Li 56
ZAMBIA 1970 ! TOTAL STOCK 21 500, 5 9005 230" 15 600, 1 080"  EFETIP TOHL

1970 'L, ! ENGAGED IN R&D 285 k] - 210 - EMPLOYES DANS LA B-D 68
Notes:

Whers data for stook are not availsble the esoonomically aotive date
(total econ. aot.) are given whem possible,

Solentiets and engineers engeged in R&Dare given in full~time
equivalent (PTE}.

mesure du possible.

plein temps (FIE}.

Le nombre de soientifiques et ingénieurs employés & des travaux de B-D est en équivalent

Lea données ne conocernent que le secteur de l'enseignement supérieur,
557 des solentifiques et ingénieurs de la dolonne 2 et 171 des technioiens de la

1. Data relate to th; hl;h;r education seotor, 1.
2+ 557 of the solentists and engineere in ocolwmn 2 and 171 of the 2.

techniolans in oolwmn 4 are non-nationsls. ocolonne 4 sont ressortisssnts étrengere.
3+ Data relate to 5 research institutes only. 3. Les données ne concernsat que oing institute de recherche.
4. Duta relate to 4 research inetitutes only. 4+ Les donmées we concernent que quatre institute de recherche, '
5. Data relate to the {Prench) Office de la Recherche Soisatifique et Se

Technique Outre-Ner (om) only; the soientists and enginsers showm
in oobsmn 2 are all non-nationale.

6+ The figures in colwmns 4 :M 5 do not inolude dets for social sciences 6.
and husanities, humsines.
7« The figure in colinn 2 does not inolude humanities and education but Te k ohiffre de la colonne 2 ne

inoludes some educational research, whilst the figure in colemn 4 docas
not imolude social solences snd humanities.

8, Approximately 79% of the scientists and engineere in colsan 2 and Mf 8.
¢ of the technioians in oolumn 4 are non-nationals.

9. Approximately 80 of the moientists and engineers in colwmn 2 and 40%
of the teohniolans in colwmn 4 sre non-nationals,

10, Duta of nusber engaged in R & D do not inolude the productive eeotor 10.
(integrated B & nnf.

11. Data relate to the year 1910/11 and do not inolude sooial mciences and .

Les doundes me comcerment que 1'0ffice frangais de la recherche saimmtifique et
techaique Ouwsre-Ner (ORSPON). Les scientifiques et ingénieurs ds 1a colonne 2
sont tous ressortissants étrengere.

Lea chiffres des colonnes 4 st 5 ne ccmprenneat pas les scienoces scciales ot

l‘..L

pr pas les eal

husenities. sooiales et humaines.
12, Approximately 150 of the woientists and sengineers in colwmn 2 are non- 12.
nationals, étrangere,
13, Date relate to the year 1971/72. 13. Lee données se réfdrent & 1'snnée 1971/72.
14« Dats refer to full-time plus part-time psrsonnsl, 14,
15, Data relate to the year 1970/71, Approximately 1,000 of the totsl in 15, e réfdrent A 1'annés 1970/71.
coluan 1 are non-nationals. oolonne 1 sont ressortissante étrungers.
16+ Duta relate to the year |970/1|. Approximately 204 of the total in 16. Len donndes se réfirent A l'anniée 1910/11.

colmn 2 ars non-nationals,
* Provieional or estimated dx'n't'u.
gource i UNESCO Statistioal !Jurbook 1975, Table Tots
4 Prom national psper for UIQJS'I'D. J\p\t .

S

oolonne 2 sont ressortissants étrangers.
® Chiffre provisoire ou estimation.
Sourge : UNESCO Annuaire Statistique 1975, tableau 7.1,

+ Dooument natisnal étebli.pour
1s technique ,n sehyice du développement.

® oomprend une partie de 1a recherchs pidagogique, tandis que lomff‘n“h
wlmo 4 ne compoend pas les scisnces sociales ot humaines.

Eaviron 79 £ des solentifiques et ingénieurs de la ocolonne 2 ot 34 £ des techniciens
sont des ressortissants étrangers.

9. Baviron 80 ¥ des scientifiques et in(lnhu.r' de 1la oolonne 2 et 40 ﬂ des techniociens
sont des ressortissants étrangers.

Le nombre saployé A des travaux de R-D ne comprend pas le nottur de la prroduﬂon
(aotivités de B-D intégrées).
Les données se réfdrent A l'annde 1970/71 et ne oomprennent me les soiences

Eaviron 150 des soieatifiques et ingénisurs de la colonne 2 sont dee ressortiesants
e réfirent su personnel A plein temps ot A temps partisl.

Environ 1 000 pasrwonnes du total de la

Environ 204 perecanes du total de la

Conférence ao Fatione Unies sur la soience et

Pour les définitions des catégories prémentées dans oe tableau, sa référer suchapitre II.
Lorsque 1es chiffres pour 1'effeotif total ne sont pas disponibles, les données relatives
A 1'effeotif éconcmiquement sotif (total Soonom.sotif} ont été fournies, dans toute la
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Annex I
9 | n

'_Table 8: _Sciéntific and technical potentisl of institutions in Africa

Number of African institu-
tions working in the disci-
Principal disciplines or groups of disciplines plines indicated

Fundamental sciences

Mathematics . 34
Atomic physics and nuclear physics 18
The states of matter v 20
Physics (specialization not determined) 21
l Chemistry (specialization not determined) : 51
| Nuclear chemistry 9
| Inorganic chemistry _ : 39
Organic chemistry . 73
Biochemistrv, biophvysics, cell bioloxy 53
| Genetics 99
| General physiology 82
Plant biolopy (botany, taxonomy, etc.) 134
Animal biology (zoology, taxonomy, etc.) 130
Radiohiology .
Other biological sciences (ecology, conservation, etc.) 122

Earth and space sciences

Geomorphology, reodesy, cartography o8
Gravity, magnetism 44
Mineralogyv, petrosraphy, etc. 75
Geology, vulcanology, hvdrogeology, etc. - 109
Palaeontology, palaeobotany 15
Research on internal structure (seismoloesy, etc.) I i
Meteorology, climatology 790
Hydrology ‘ 48
. Astronomy, astrophysics ' 7
Oceanography ’ 37
Hydrobiology 37
Other disciplines of earth and space sciences 4

Medical sciences

General : ' o 177
Fundamental sciences 72
Human biolosy and anthropology 36
Contagious diseases and vectors 25
Chemotherapy, antibiotics, antiseptics medical .
chemistry, pharmacology a 61
Nutrition 54
Water, soil and air hygiene ‘ 34
Surgery , 12

Other disciplines of medical sciences ' 46
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Annex I . | 10

Table 8: Scientific and technical potential of institutions in Africa (Continued)

Principal disciplines or groups of disciplines

Number of African institu-~
tions working in the disci-
plines indicated

.

Food and agricultural sciences

Soil management )

Agricultural hvdrology

Crop production

Crop protection (general)

Crop Protection: agricultural entomology
Crop protection: phytopathology .
Forestry and forest products

Animal production and animal products
Animal health

Continental fisheries

Maritime fisheries

Human nutrition and food technolory
Application of isotopes as tracers in agriculture

Fuel and power

Power (general)
Thermochemical energy
Hydroelectric power
Nuclear energy

Solar energy

Electric power transmission

Industrial resgsearch

General

Metallurgy: ferrous metals
Metallurgy: non-ferrous metals
Industrial chemical products
Textile industry

Mechanical engineering
Electromechanical engineerinn
Transport engineering
Telecommunications

Applications of automatic devices
Building and civil engineering
Building materials

Principal sciences applied in the building industry
Main building techniques

Economics

1

Social and human sciences

General
Geography

20
14

14

94
13
13
1€
19

10
10
67
57

21

46
“4g -

i

Source' "Science and technology in African development" (UNESCO document

SC/CASTAFRICA/3), para. 62.
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11
Table 9: Distribution of research workers

Annex T

— . Regeaveh
Full-time Part~time Total
Fundamental sciences -, 655 1 643 2 298
Earth and space sciences A/ (I A 219 1 629
Medical.sciences . - 599 1 318 1 907
Yood and agricultural sciences 2 637 1 n72 3 709
Fuel and power research 37 62 149
Economics a/ : 70 13 97
Social and human sciences a/ ] 216 126 342
Total . 6 048 . . 5 045 11 093

Source: "Science and technology in African developnment® (UNFant document SC/
SC/CASTAFPICA/3), naragraph 63.

a/ 1In specific relation to the sciences covered- by the survev,

?:bhle 10: Various phases of a technolorv project

Furases of Tyne of activities
a project Core technologies Peripheral technolonies
Project Specific knowledge for Firancial analveis - techniaues or others
preparation technical and economic
feasibility studies
Specific bargaining Project evaluntion criteria
knowledge Information svuter ny % Jecunuiogical

alternatives and their sources, and concern~
ine other inputs

Data processing techniques

Plant Specific knowledge about Toundation, sell, structural enecineering, etc.
ccnstruction basic engineering and .
- ; Nes 1 derailed rineerd
and start-up about pertinent process esign and derailed engineering
technology Architectural dagign and engincering
Selection, location and Fquipment: desian

co-ordination of equip-

Information system concernine availshiliry
ment in space and time y ' .

and characteristics of inputs
Technical assistance

A vead Dlvaoriv’ o, cluding some
for start-up hility to vead > X . including som

knowledge of foreisrn laupgunace

Production Basic process technology Netailed enpineerivg, training in use of
instruments and aualitv control

Physical and mechanical . Inventory and supulv control

roperties of materials
prop Mechanical enginesrins: transport, blandine,

storape systomg

Source: Technology Policy and Fconomic Developument (Mttesa, International Develop=-
ment Research Centre, 1976), table 3.
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Annex 1 12

Table 1ll: Percentage of women amo total numbers of students in the early 1

Region and number .- All tertiary

of countries Natural Science Ingineering Medicine education

lack Africa (6) 10.8 0s5 19.5 1402
Arab countries (8) 19,0 446 241 1749
Developed West (21) 25.6 3.9 31.5 3463
Asia (8) 33.1 3.0 38.6 305
Central and South -

America (9) 4546 648 37.6 3443
Eastern countries (8) 522 23.2 58.6 4344

Source: Ae Kelly, "Women in physics and physics education" (Trénd
Paper No. 18 prepared for the International Conference on Physics Education,
held at the University of Ddlnburgh from 29 July to 6 August 1975), table 3.

Note: Figures refer to the years 1959, 1970 or 1971.
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ALGERIA

BENIN

BOTSWANA

BURUNDI

CAMEROON

CENTRAL

. AFRTCAN - EMPIRE

CHAD

CONGO .

ETHIOPIA

GABON

Annex II

ATTFY. 1T

Names and aggresees.of-Sc}3g§§ aqdvTecT1o1o§z.Policzgﬂikigg Bodies in Africa

Direction de la Mecherche Scientifique
“inist8re de 1'Fnseignement Sup&rieur

et de la Recherche. Scientifique
Alger

Comité Provisoire du Conseil MNational

de la Recherche Scientifique et Technique
B.P, 526
Cotonou

Ministry of ¥inance and Development Planning
P.M.B.. 008 . : ' ‘
Gaborone

Institut des Sciences Agronomiques
du Burundi (ISARIT)

B.P, 795 :

Bujumbura

Dffice National de la Recherche Scientifioue et Technique
(OMAPEST) - : -

B.P, 1457

Yaounde

Comite National de Recherches .
- Scientifiques et Techniques
B.P, 791 et 893

Ranpui

Mrection de 1'Enseignment

- Supériecur et de la Recherche
B.P. 125

N'Djamena

Secrétariat pénéral i la Recherche Scientifique
Ministére de la Recherche Scientifique
Brazzaville

Academy of Scientific Research and Technolory
101 Kasr E1 Eini Street
Cairo . :

Ethiopian Science and Techndlogy Commission
P.0. Box 2490
Addis Ababha

Ministére de la Recherche Scientifique -
B.P. 13131 N
Libreville
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GHANA

GUINEA

IVORY COAST

KENYA

LESOTHO

LIBERIA

LIBYAN ARAB,. -

JAMAHIRIYA

MADAGASCAR

MALAWI

of Science and Technology Policy Making Bodies in Africa

Ministry of Fconomic Planning and
Industrial Nevelopment

5, Marina Parade

Ranjul

“_ Council for Scientific and

Industrial Nesearch (CSIP)
P.0. Box “, 32
Accra

Institut National de Recherche et de Documentation
INRD '

B,P, 561

Conakry

Ministére de la Recherche Scientifiaue
B.P, 2599
Abidjan

National Council for Science and Technology
P.0. Box 3623
Nairobi

Ministrv of Education _ ;

Attention: -Seriior Education Officer for Science and Research
R, P. Box 47 : '

Maseru

*inistry of Fducation

Attention: ‘ Assistant Minister for Science
and Technical Education -

Monrovia :

Mational Commission for -Education Science and Culture
3N4 Istiklal Street

P.0. Box 1N9l1

Tripoli

Ministere de la Recherche Scientifique

Direction de la Recherche Scientifique et Technique
B.P. 4096

Tananarive

National Pesearch Council
Office of the President
P.0, Pox 301 - - ‘
Lilongwe 3
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es and addresse
Continued5'. .

MALI

MAURITANIA

MAURITIUS
MOROCCO
MOZAMBIQUE

NIGER

NIGERIA

RWANDA

SENEGAL

SIERRA LEONE

SOMALIA

3 Annex IT

g of Science and Technology Policy-Making Rodies in Africa

Ministére de 1'Education Nationale

Direction Nationale des Enseipnements Supérieurs
et de la Recherche Scientifique

B.P. 15¢

Ramakc

Chef du Service des Etudes
Ministére de ia Planification
B.P, 238 - -
Wouakchott

Ministrv of Economic Planning and Development
Port Louils

Ministéré.de-l'Enseignement Supérieur

Rabat

IICM (Instituto de Investigacao Cientificia)
University Eduardo Mondlane .

C.P. 1780 : .

Maputo

Conseil Mational de la Recherche Scientifique et Technique
TP, 234 : A -
Marey :

National Science and Technolopy Development Agency
8 Strachan Street : o
P.M.B. 12695

Lagos

Institﬁt National de la Recherche Scientifiaue (INRS)
B,P. 218
Rutare

Délépation rménérale de la Recherche

Colentifique et Technique (DGRST)
61 Rlvd Pine-Laprade
B.P. 3218
Dakar

Ministry of Development and Economic Planning
George Street
Freetowm

Ministry of Planning and Co-ordination
Mogadishu
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Annex IIX

Names—und Bddresaes of Sciénce and Technology Policy. "akingﬁﬂodies in Africa_‘
(Continued)

SUDAN National Council for Research (NCR
' P.O, Box 2404
Khartoun

LU ZILAND National Research Council
P.0. Box 395
Mbabane - ¢ -

TOGO - Institut Mational de la Recherche Scientifique
Place des Mations Unies
B.P. 2240
Lome .

TUNISIA Direction de 1'Fnseignement Supérieur et de la
‘Recherche Scientifique
Ministere de 1'Education Mationale
Tunis

UGANDA National Research Council
Ministry of Tlamning and FEconomic Davelonment
P.N. Pox 13
Entebbe

UNITED REPURLIC Tanzanian 'Yational Scientific Research Council
OF TANZARIA P.0. Box 4302
. Dar es Salaam

UPPER VOLTA Hinistéte de la Recherche Scientifique et Technique
Ouagadougou

ZAIRE ) Office Vational de la Rechetche et du
C " Développement (ONPD) o
B.P. 3474
Kinshasa/Gombe

ZAMBIA . Mational Council for Scientific Research
P.0. Pox CH. 158
Lusaka


alfred.morales
Sticky Note
None set by alfred.morales

alfred.morales
Sticky Note
MigrationNone set by alfred.morales

alfred.morales
Sticky Note
Unmarked set by alfred.morales


5 Annex II

Education at the third level

(thousands/milliers)
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Fig. | Total number of
students.
Nombre total d’étudiants

Fig. ! Number of students per 10000 inhabitants (1965
and 1973).
Nombre d'étudiants pour 10 000 habitants (1965 et 1973).

UNESCO STATISTICAL YEARBOOK 1975
UNESCO ANNUAIRE STATISTIQUE 1975

Source.
078 - 674
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