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I. INTRODUCTION

Ae  Origirs of the Conference

1. When the General Assembly of the United Hations designated the period 1961

to 1970 United Nations Development Decade, it was already clear that scilence and
teciinology were not fulfilling the expectation of providing the less developed
countries with the means whercby they could narrow the development gap between

the advanced countrics and themselves, and atiain over-all socio—economic improve-
ment, Neither aid channelled through direct arrangements between Governments, nor
market-oriented private invesfment, had substantially improved the condition of
the private individual in those countries, The specialized agencies of the United
Netions, reinforced by the technical assistance programmes and the United Hations
Development Programme, could cite creditable achievements and promising examples,
They had established their regional and field office system and, within the means.
available to them, werc responding io requests from Governments and encouraging

regional co—operation and interagency collaboration.

Those agencies, however, while performing the functions assigned to ‘them in
their charters, did not encupass the entire range of poesible apnlications of
science and technology to development. In 1961 the Economic and Social Council,
acting on a proposal of the United Nations Scientific Advisory Committee, decided
to convene a United Nations Conference on the Anplication of Science and Technology

for the Benefit of the Less Develoned Areas, as an "internmational technical con-
Other scientific conferences under United Hations.auspices

2e

ference of fovermmentsi',
had preceded that endeavour, notably one on new sources of energy in 1961, two

which were convened to discuss the peaceful nres of atomic energy in 1355 and 1956,
and, as early as 1943, the United Nations Scientific Conference on the Conservation
and Utilization of Resources, There was also & survey of current trends in
scientific research which was undertalken under the auspices of the United Nations

and UNESCO in the years 1958 to 1960.

3e Conceived initially as a mears of exploring the applications of recent advances
in science and technology, the United Netions Conference on the Apoplication of
Science and Technology for the Benefit of the Less Developed Areas, which convened
in Geneve in 1963; found itself confronted with the much wider and more fundamental
problem of ensuring that science and technology made their proper contribution to

In csgsence the Conference strengthened the belief that the socio—

developmenta

economic development of the developing countries could be accelerated through the
effective application of science and technology. There also emerged the conviction
that the Conference should lead to positive action on a scale commensurate with the

objectives of the Development Decade.

da To achieve such positive action, it was felt in some quariers that a new
specialized agency would need to be established. The United Nations, however,
decided that the task was one to be shared among the existing bodies of its family,
on condition that their efforts in science and technology were intensified and
properly co-ordinated. Accordingly, in 1964, the Economic and Social Council

he Application of Science and Technology to

established the Advisory Commitiee on t )
Development, to give the application of science and technology new and greater

impetus in the programues and activities of all appropriate United Nations bodies,
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_and to promote the effective co—ordination of their efforts in that field. The
Advisory Committee was also required to keep under review progress in the applica-
tion of science and technology to developmei t; and to propose aractical measures
for such anpnlication for the benefit of the developing countries, R

Apart from its annual reports to the Toonomic and Social Council and reports
ficiency, natural resources, and science

Plen of Action for the

a major work and an integral

The World

5.

on specific subjects such as protein de
education, the Advisory Committce produced the World
Application of Science and Technology to Development,
part of the strategy for the Second United Nations Development Decade.

Plan is principally a generalized statement of opriorities and principles for
introducing industries and technical services into less develoned countries. But
it has so far been lying on the shelf, no more than a bluenrint without the Cformula
needed to begin action; because it was not backed by the necessary political will

both nationally and internationally.

As the Decade progressed, it was found that the Advisory Committee, although

6.
lacked the necessary coupling with

attracting competent and experienced memberd,
the policy-making process. Thercfore, jn 1971 the Economic and Social Council
took a further step towards reinforc.ag the central machinery of the United Nations
for science and technology by establishing an intergovermmental 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 levels The Council however
retained the Advisory Coumittee, recognizing that it could give essential technical
advice on programae priorities and feasibility. The Advisory Committee has the

additional responsibility of furnishing expertise to the intergovernmental bodye.

At the end of the First United Natiouns Development Decade, the General

Assembly noted the need for increased international co—operation in bringing the

bemefits of science and technology to all peoples of the world, and adopted

resolution 2658 (XXV)_ in which the Secretary-General was requested to prepare a

study which would evaluate the main implications of modern science and technology,
ise the results achieved by the United

particularly for development, and anpral

Nations system in promoting science and technology and their application to

development since the 1963 Conference on the Application of Science and Technology
also requested to suggest

for the Benefit of the Less Developed Arecas. He was
ways and means of implementing various recommendations made, practical ways and

means of strengthening international co—oneration in the new annlications of
science and technology in the economic and social fields, and additional forms
of international action within the framework of the United Nations system, to
ensure that scientific and technical achievements were more of fectively applied,

particularly in the developing countriss.

Te

ecretary-General expressed the view that the 1963 Con—
owed by the action needed and that, while it had created
ence and technology in the process of develop—
dication of the measures needed %0 translate
The report rccommended that the
Committee on Science and Teohnology for Development should give serious thogght
to the question of generating the necessary political will and action, consider
the merits of another international conference on science and technology to focus

8, In his report, the S
ference had not been foll
awareness of the importance of sci
ment, it had given insufficient in
that awareness into action by Member States.
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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 i. the problems of develc_.ment but also illistrate the new modes of

international relations.

9. Subsequently, the General Assenbly and the Economic and Social Council toock
various measures to promote the convening of & United Nations conference on
science and technology. In 1974, the Economic and Social Council emphagized the
necessity for such a conlerence, and recognized that the new needs in the field
of science and technology made it imperative for the United Nations to expand
international comoperation 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 reguirements and interests of developing countriés. l/
In 1975 the Council convened an intergovernmental working group of the Committes
on Science and Techndlogy for Development to examine the specific objectives,
topics and agenda of a possible 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 Development, the UNCTAD Intergovern—
mental Group on Transfer of 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
Development should be held with the main objectives of strengthening the techno~
logical capacity of developing countries to enable them to apnly science and
teclnology to their own development; adopting effective means for the utiliza-
tion of scientific and technological potentials in the solution of development
problems of regional and global significance, especially for the benefit of
developing countries; and providing instruments of co=operation to developing
countries in the utilization of science and technology for solving socio--ecomnomic
problems that cannot be solved by individual action, in-accordance with national
priorities, taking into account the recommendations made by the Intergovernmental
Working Group of the Committec on Scicnce and Technology for Development. g/

10, In 1976, at its third session, the Compittee on Science and Technology for
Development, after considering the report of iits Intergovernmental Working Group,
stressed that the Conference should be oriented towards practical action and

should be attended by national policy and decision makers, accompanied by their
The preparatory period was visualized as a process involv—

scientific advisers.
ing all countries and regions with the greatest possible participation of relevant
governmental and non-governmental organizations as well as nembers of the
scientific community so as to promote widespread appreciation of the role of
science and technology among developing countries. A panecl 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 efforis for development which
would integrate the policy-makers, decision-takers, development agencies and

The Committee approved

technology users with the scientists and technologiste.
a draft resolution on the Conference which was subsequently adopted by the Economic

1/ Economic and Social Council resolution 1897 (XVII).

g/ General Assembly resolution 3362 (8-VII), chap. III, para. 7.
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and Sociali Council in August 1976 /resolution 2028 (IXI)/. The General Assembly at its
thirty-first session, acting upon & recommencation of the Economic and Social Council,
decided fto convene the United Nations Conference 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 Confercnce. é/ The main objectives recommended for the

Conference were as follows:

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

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

(g);‘To adont effective means for the utilization of scientific and technological
potentials in the solution of problems of development of national, regional and global
significance, especially for the benefit of developing countrics;

(g) To provide instruments of co-operation to developing countries in the utiliza-
tion of socience and technology for sciving socio—economic problems that cannot be solved
by individual action,‘in accordance with national priorities. 4

1l.  The Gencral Agsembly also proposed an agenaa Tor the Conference and various measures
to be taken durlng the Dreparatory neriod.

B The African scene

12, The African regiorn accounts for between a quarter aad a fifth of the world's land
surface, Its climate is mediterranean in the extreme north and north-west, temperate in
the extreme south and on theplaoteaux, and tropical in between,; covering some of the hottest

and most humid areas ol the world.

13. Of the ftotal land area of 30,310,000 square kilometres, arable land, including land
under permanent’ crops, makes up | 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 hesn classified as arable, permanent meadows and
pastures, and forest and woodland. : ‘

-

14. The population of the continent increased from about 270 million in 1960 to about 410
million in 1975, reflecting an average anmual rate of growih approaching 3 per cent, the
nighest in the world, The region's nopulation, which is expected to inctease Yo 470
million in 1980 and 550 million in 1985, is still characterized by relatively low density
and wide dispersal of concentrations, Thus, of the 49 independent Alrican couniries, 30
have estlmated nopulations of 5 million or less, 9 ponulations of between 5 million and
10 million, & populations of between 10 million and 30 million and only 2 more than 30
million. The population density ranges from 1 to avout 470 vpersons per square kilometre
if total land surface is considered, and between 25 and about 1,200 persons per square

Iilometre of arable land.

3/ CGeneral Assembly resolutlon 31/184, para. 2.

4/ Economic and Social Coun01l résolution 2028 (IXI), para. 2a
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15. Africa possesses vast mineral resources which make her 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 ceni of iis manganese, 40 per cent
or its beuxite, 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, Africe 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
roclk. 15 per cent of its copper ore and about 7 per cent of its iron ores Hence
it can be claimed that for many years to come, the development of many African
countries will continue to depend on the rcusources of their soil, though such
development canmnot be achieved without the application of science and technology

on a large scale.

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 coun—
tries 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 resources 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 ftotal hydroclectric power potential. T

17. The African region is recognized as the least 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 sceriously 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 affectea"economioally contain
all the Sudano-Bahelian countries affected by the scourge of drought in the early
1970s. Similarly, of the 20 internationally recognized develdping land-locked
countries, 14 are in Africa. This list does not include the geographically dis-
advantaged island economnies, of which Africa has a sizeable share. It is thus
clear that cconomic co-operation in its wider sense is an imperative for African

counitries.

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 exploita—
tion, 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, Notwith~
standing deliberate efforts over the past three decades to achieve rapid trans—
formation of the African economies and to improve living standards, the incohe
and technology gaps between the developed countries and African countries have
not narrowed but widened, The existing cconomic situation in which Africa finds
itsell, and its international role as a primary supplier of raw raterials and a
consumer of manufactured goods and impoerted technology, make socio-econemic
transformation rather difficult in view of its basic weak position and lacik of
capabilities, African countries therefore sce in the Confeorence on Science and
Technology for Development a major means for bringing about 2 new intcrnational
economic order and ohangingvfrom a weak and dependent nosition to an economically
and technologically self-reliant one, '
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l. In scarch of indigenous capabilities

19, At the root of Africa's cconomic and technological backmruness lies not so
much limited financial resources but rather limited capabilities, technical and
managerial know-how, ownership of patents and control over inventions, :the capabl—
lity fo develop suitable technologies and to comprehend, negotiate,. transfer

adant and apply foreign technologies. To live up to the challenge of the efforts
to establish a new international ecomomic order and take full advantage of its
opportunities, dAfrica must first acauire and develop the basic:capabilities needed

for effective participation in the new order.

20. Hence, as far'as African countries are concerned, the purpose of & conference
on science and technology Ffor development should be to enable the continent to:

(2) Evolve national development policies with full recognition of science
and technology as the sinews 60 dovelopment strategy;

(b) Evolve needs—oriented education and training systems in Which 501ence
and technology have pride of place at all levels, not only in terms of educatlonal

content and structure but also in rcsource allocation and use;

(c) Develop national, mltinational and regional institutional infrastructure
for the effective localization of a capability for technology development, transfer
and adaptation in African countries, for maximum impact in agricultural, industrial

and socio-economic development.

21l. Technology cannot become nationalized in Africa on.the basis of negotiated
patents and technical co~operation experts, 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 Africay and

the setting up of :Lnstl‘butlons 10 carry ocut technological research and train

present and future generations on a continuing basis,

22, Technological education and training should be designed to bring about the

technological trensformation of production processes and supporting infrastructure.
Simultaneously, industrial production should nrovide for the mass productien local-
ly of science and technology teaching equipment and aids so as to ensure an appro-
priate sclence and technology orientation through all the levels of the educational

syste.

2. The transfer of iechnology

“3. The key issues involved here are, first, that technological knowledge is not
freely available to developing countrics except on terms which are often extremely
burdensome; second, the element of dependence; and third, the relatively weak
technological capabities of African countries. Some action at the intermational
level in respect of technology transfer and development has been taken within
UNCTAD, wheré & code of conduct is being elaborated for the Negotlatlnb Conference
on the Transfer of Technology in 1978. WIPO is also preparing for a revision of
the Paris Convention for the Protection of Intellectual Property. Such a re—
vision will be of particular importance since it will improve the existing patent

system in the transfer of technology.
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24, A sipnificant step was taken in Africa when the meeting of African pleni-
potentigries in November 1977 in Kaduna. Nigeria, decided to establish an african
Regional Centre for Technology. The Centre will have as primary objectives the .
strengthening of the technolegiocal capabilities of African couniries so as to
decrcase their technological dependence, the promotion of the use of technology
suitable to african conditions and the formulation of technology policies and
slanning as an integral part of national socic-economic developument.

Cs Scope and objectives of the report

25. The nroblem of socio~cconomic 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 sfart
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 improvise technologies, 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 scieatific and technclogical 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 situdy future plans and efforis
designed to enhance their capacity to use technology effectively; and to discuss
the problems of the impact of transfer of technology on the development 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 sxamines the fechnology links created through trade and
other economic linkages :ithin, for example, ECOUAS, GLVS and UDEAC, Finally it
proposes actions at national and regional levels and to improve science and
technology capacity in African countries, and examines and suggests significant
inputs from the United Nations system to help improve the ourrent econonic

situwation and trends.

II. TUE ROLE OF SCIENCE AND TECHNOLOGY IN DEVELOPHENT X

#e The éynamics of socio-economic development

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

in this paper, therefore, iis meaning will not be reéstricted only to congidera~
tions of man's material well-being, but will embrace the totality of men's welfare,

28. Development has reached different stages in 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
However, this does not mean that in developed countries development

countries,
lor does it mean that in

has run its full course and come to a standstill,
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deyeloping countries development is necessarily progressing at great speeds On the
contrary, it is now widely accepted that in several respects developed countries
are in fact developing faster than developing countries. R

The word science is used to refer to man's orgenized attempt, through the~

29
objective study of empirical phenomena, to discover how things work &s causal
systems™s 5 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
it may be -~ and often

of putiing the relationships so obtained to practical use
ig ~ gaid that science secks to comprehend (to "know why"i and not to invent

(to "kmow 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
Technology practitioners use technology to meet concrete human

to as Iechnq}ogy.
neceds and wents. 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 exeriions and refine the products oi his labours. The
therafore, appears to be to "invent™, and not so much to

ey

business of technology,
"oemprehend®.

Such sharply contrasting definitions of science and technology are of course

In actual fact scicnce and technology are so closely

31,
Today few

vossible only conceptually.
interwoven that it is not possible te draw a sharp line between them,

scientists profese the complete lack of interest in the practical applications of
their findings implied in the definition of science that has been given, Likewise,
few technologists today are not well-versed in.at least the scientiflic theories
which have direct bearing upon their branches of technology. P

ful to indicate the meaning of the term "rescarch and
Recrardh derotes $ho scarch for new knowledge, Develo
~tematic use of the risulis of research
the introduction oi nzw usberials,
Lwisting ones =

32, It iz perhaps also use
develonnent” (YR dnd D).
ment, on the other hand, cousists of tho sy
ard =oisting crpirieal lnmouledge dirccobed touwrds
' znd notheds — or the imnrovement of
ircludis;, the developmint od prototynce and silot plante. Development couprises
the ctudics which nced to bpe.mads to ascoriain thc teohnical, cooizl ~nd. cconomic
feasibility, usefulness, dceccptability and arofitability of innovetions. 6
Development, as has already been indicated, oconsisis.of two transformative
ion of existing goods

produst  , dovices, procoasts

33.
processes: growth and change. Crowth consists of an expansi
$his & quantitative transformation,” Rises in per capita incomey
d number of residents, in the

and services and is

in the number of schools or hosnitals per specifie _

quantity of food available to each consumer — all of these and oﬁhers_like;them are

instances of the growth component of developmen$, Growth, thercfore, enta}ls doing

more of what was being done before. In contrast, change entails the adopt?qn of new

ways of doing and looking at thingsy and is thus a gualitativertransformatlon.
habits towards more balanced dields, realignment of "school

Tmprovement in feeding

-l —— A 5 . - A ) ]
5/ "Science and technology in ifrican development™ (UNESCO document

SC/CASTAFRICA/3), ched. I, para. 26.
6/ Ibid., para. 28.
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curricula fo meet local exigencies, introduction of novel ways of combating diseasc -
all of thee= and others like {them are instances of change., Change,; therefore; can
involve the adoption of neur means o. realizing old aims, But it may also entail

the substitution of new aims for old.

34. Growth and change are counled one to the other, and occur simultaneouily,
Even when growth is apnarently all that is itaking place, almost always ome
change is bound to be occurring ag aresult. Idikewise, when change is scemingly
all that is happening, some growth - albeit sometimes negative -- is likely v te
taking place as well, Two corollaries then follow, First, obgtacles to growth
not only retard growth itself, but often also imnede change as well, Second,
barriers in the way of change not only forestall change itself, but often also
thwart srowth. Events in the devcloping world bear testimony to this.

35 It will suffice to give the following example. Social and gultural traditions
codify human values and attitudes and, in Africa especially, constitute a formid:--
ble barrier against change., At the same time, it is widely recognized now that
economic growth, which is "a primary, if not the primary objective of most govern—
ments in Africa™, _/ will recuire extensive and intensive changes in human values
and attitudes. In the word: of the programme of action adopted by the 1976 110
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.
"of'ten these measures will require a transformation of social structur: s, includ-
ing an initial redistribution of assets, especially land", §/ The restructuring
of society entailed in these measures, however, is likely to run up against
tradition, which abhors change and tends to prescrve the status quo. In acting
as a barrier to change required for economic g.owth, tradition thereby alsc acts

as a barrier to economic growth.

36, The significance of science and technology for development lies in the fact
that their application can influence both growth and clhunge decisively. As wrs
demongtrated by the field surveys of needs and priorities in science and technology
in individual African countries which were carried out during the preparation of
the African Regional Plan for the Application of Science and Technology to Develop-
ment (hereafter referred to as the African Regional Plan/y this influence of
science and technology in development is widely recognized "at senior government
and other levels", although, as cone might cxpect, the general public is ignorant

of it. 9/

3f. The application of science and technology influences growth through increases
in efficiency and imoroved productivity. Use of machines and installations bora
of science and technology greatly amplifies man's effort, increases the efficiency
of his exertions, refines the results of his labour, removes drudgery from work,
and generally raises the level of comfort in his working and living conditions.

7/ 1Ibid., para. 1l2.
§/ ¥eeting basic nceds: Jtratemgies for [radicating liass Poverty and
Unemploymient (Geneva, international labour Office, 1977)y Pe 25

9/ African Regional Plan for the Application of Science and Technologzy
{United Hations publication, SaleS NOe De{3ell-Ke3); pard, L3.

to Develovment
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38. The application of science and technology also brings about change. This occurs
in two ways. First, it occurs indirectly through the effects of science and techno-
logy on growth, But growth and change, as has been indicated, are interconnected.
The quantitative growth produced through the application of science and technology
in turn oroduces qualitative changes in liTe, For example, the economic growth
which the annlication of science and technology brings about reducsd rural poverty
and urban sqgualor. This in turn Hroduces changes in attitudes and habits (which

in Africa are often concessions to raging adversity), thereby raising the quality

of life. But science and technology may also effecct rchange. in a second and direct
way: through education. By many estimates this contribution of science and
technology tovards development is likely to producc the speediest and greatest
impact upon develooment in Alrica. It seems appropriate, therefore, to deal with

it in detail.

39, 4t one level, development in Africa depends on the actions of the constituent
countries themselves, and, in particular, on their peoples and governments.
Achievement of the conditions required for rapid over-all development is possible
only if this is accepted and if governments pursue stable policies directed towards
this end. At 2 second level, it must be recognized that in most developing coun—
tries, including those of Africa, laci: of scientific lnowledge and fechnological
know-how are seldom the critical limiting factors, Instead, the obstacles to
development in these couhtries are often of an economic and social nature. They
relate to such factors as education and general level of skills, communication
vetween different social groups, responsiveness o new ideas, the effectiveness
of the administrative apnaratus, the entrepreneurial spirit in industry, and
sound political lecadershipa

40, At both of the above levels, renoval of the barriers to development requires
the building up of a scientific culture. This involves fostering a wider and '
deeper understanding by the public ~ especially at the adult level - of science
and its applications, through adequate provision within the educational system.
In all of the developing countrics in Africa, members of the public must be dis-
abused of the many erroneous notions they hold in regard te the enviromment 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 receptivt to the measures which development requires.

41. All strategies of development must sooner or later engage the common man in
a dlalogue 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
rodding acguaintance with science and its applications, how can anyone expect
the vocabulary, let alone the prop051t10ns, of any strategy for development, to
be intelligible to him? Certainly one's attempts at cxpounding 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, It follows that developing countries in africa need to make scientific
education available to as broad a base of their populations as possibles 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 llteracJ campalgns assumea speclal lmportanoe.
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In the first place, the agents of growth and change, and so of development, are
adults. Development may be greatly accelerated Yy 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 samller percentage (15 per cent) of those in
secondary school ever reach university. Eg/ Thus about 90 per cent of Africals
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 refurns io the 90 per
cent figure. - Unless adult education is undertaken simultaneously, therefore, it
is possible to attain the geal of universal primary education and yet continue to

have rampant illiteracy.

B. Science and teghnology policy ”

43« In 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. 1In order for such policies to be effective and useful, they should
not only spell out explicifly what the shori-term and long-term aims of sciehce
and technology in the country ought to be, but should also expresle indicate the

courses of action designed to achieve those aims.

44. TIarlier, science policy somewhat blithely assumed that if sufficient re-
sources were devoted to building up and staffing scientific institutions, these
would have an automatic modernizing effect upon industry and agriculture and upon
society generally. It is now recognized, however, that this is simply noi so.
While the deliberats and studied application of science and technology to develop=
ment is still hampered by inadequate knowledge of just how the process works, it
is already apparent that the provision of scientific institutions does not by
itself ensuré an automatic 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 technologzy policies have attracted increasingly serious attention
by African Governments in ihe years since national independence. 4t & 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 soience plamning, decision-making and co~ordination, Iiuch had by
then also been done towards preparing and implementing national science policies
which were adapted to development needs. Since then there have been further
important developments, and today most countries in Africa are working towards
central machinery for policy-making and planning in science and technology. i}/

10/ Dducation in & rural environment (Paris, UNESCO, 1974), p. 16,
11/ UNESCO dooument SC/CASTAFRICA/3, chap. I, paras 16-18,
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46, As a result of the steady assaults which have been made on the problems rew

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

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

47. 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

zaide action fo this end:

' (a) Development of national organs to deal with scientific and technological
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 science and technology for development;

(g) Institution of scientific and technological plamning as an integral part
of development planning; - e S _

" (4} Bvolution of new and more effective forms of international co-operation
in the use of science and technology;

(e) Reinforcement of the natiomal network of institutions for science and
technology; :

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

o (g) Zstablishment of information and documentation centres. 12/

48. But while considerable pfogréss seemsftp have been made with regard to the
making of science and technology policy, there still psrsist serious problems as
a result of which only a few countries in Africa have evolved from their policies
and implemented concrete programmes of aciion aimed at strengthening their techno-
logical capabilities. These problems include the following:

(a) The goals of science and technology policy do not always show clarity
of visicn, and are often not action-oriented:

(é) These goals often receivc little more than lip-service, either because
of a lack of political will to pursuc 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 whosc function is to formulate science and technology policy and to draw
up and implement programmes of action designed to fulfil such & policy. Nany
times this fragility stems at least partly from a duplication of effort. Iiany
African countries find it difficult to resist the impulse to erect a new institu-
tion around each new idea. 4s a result they have in time come %0 boast several

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

" I
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science and technclogy bodies with overlapping functions., When the situation gets
out of control, a favourite ploy is to hatch yet another institution to subsume
them all.” This often proves to be & paper tiger, and seldom manages to rein in
the warring factions. This instability makes it difficult to pursue any policy
with the doggedness often required - let aleone prepare such a policy.

50. Then there are, of course, difficulties relating to the training and deploy—
ment of manpower., In Africa, guite apart from the fact that sometimes crucial
nosis can go to people whosé 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 con-
tinuity. Iany 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,

Ce Integration of science and technology programmes into socio-economic
development

51, Science and technology policy governs the '"change" component of development

in so many areas of socic—economic policy that there is a great need for the fwo
policies to be closely interlinked, 'This means in practice that the policy-making
bodies for national science and technology and the planning agencies for over-all
national development must co-operate closely with each other. Operationally,
science and technology programmes must dovetail into, and mesh with, national
programmes for over-all development so that the two sets of programmes are mutually
reinforecing and constitute an integral whole. This scheme ensures the convergence
of developmental targets and the means provided by science and technology for
achieving those targets, so that the latter are at all times geared to, and

supportive of, the former,

52, At the moment, in many developing African countries, the integration of -
science and technology nlanning in national development planning is loose and
ineffectual, Because of the great importance of such intecgration, it is apnio-
priate to discuss briefly some of the common nroblems encountered.

53. One of the barricrs to effcctive integration of science and technology plan-
ning in over-all national development planning is the professional difference
between those who make science and technology plans and thos who prepare the
national development pnlans., National developuent planning agencies are generally
run by economists. Science and technology planning agencies, on the other hand,
are of course in the hands of scientists and technologists, Practical problems
soon arise when representatives of these two camps meet to work out integrated

national plans.

54. The economists tend to concentrate on problems of economic growth in the
short~to~medium term. On the other hand, the scicntists and technologists tend
to focus on long-tern issues of techno-scientific change. The resulting impasse
is further comnlicated by the problem of communication. But in Africa and else-
where the dice are often loaded in favour of the economists and against the
scientists and technologists {(who are regquired to be on hand to answer technical
guestions, but are of'ten excluded from the decision~making process). Right or
wrong, therefore, the economists usually carry the day.




E/Clf, 14/UNCSTD/AFREG/ 1
Page 14

55. The remedy to problems arising from professional differences between national
develonment planners and science planners would appear to lie in education. In
order to have credibility with the developmens planners, science planners need

to have both technieal and economic skills, Ioreover, scientists and technolo-
gists as a community must show greater concern for the development needs of their
countries, Lilewise, since science and technology are the motor of development,
development planners must cultivaie acquaintance with them. In other words,
bridging the nrofessional gap between dovelopment planners and science planners
ultimatelv rocaires reducing the cducaticnal gulf between them. In many countries
in Africa, students eliect very carly during their education to cultivate
ignorance either in “science™ on the pretert of studying the "arts", or in the
arts on the pretext of studying science, There is a need to eliminate this
specialization in the early stages in favour of integrated education. There
would then remain the plaguing question of the Neorrect? balance between science
and the arts in such an integrated curriculum. 3But countries which are seriously
gearing themselves up for development cannot lack arguments in favour of
according greater emphasis io science.

56, Other difficulties, broached earlier, are the absence in many ' countries.of
explicit strategies for developing national scientific and technological capabie
lities adapted to over—all scoio—economic development, and the fragility of the
institutions whose function is %o work out such strategiess 1In addition to the
need to establish machinery for incorporating science and itechnology programmes
in programmes for over-all national development, there is therefore also & need
to strengthen the policy-malking bodies for science and technology.

D, Technological information and documentation

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

58._{Téchnological information is useful tos
(a) Governments for:

FIRN . . .. . . . -~ .
(i} The technological decision-making recuired in formulating and

implementing national development plans,

(ii) The generation of indigenous technologies, and the evaluation,
selection, transfer and adaptation of foreign technologies.

(b) Rand D institutions for:

(i) Planning research and development programnes and activities;

(ii) Awareness of current fechnoélogical developments;

(iii) Reference material for technical-librarics;
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(c) Universities for:
() Research programmes ¢ ad activities;
(1) Preparing educational material;

(&) Industry for:

(i) The identification and location of technologies which could be
introduced; :

(ii) The comparative evaluation ofy and selection among, alternative
technologies;

(iii) The industrial application of selected technologies,

59« Because of the great volume of information on science and technology, and
the necessity 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 property’, which consists
primarily of patents for inventions, trade marks, and industrial designs, for
example, about 1 million natent documents are published each year, describing
approximately 350,000 new different solutions to technological problems. }é/
There is clearly a need to devise efficient means of access to this wealth of
information, Ageinst this backaround, the plans by the World Intellectual
Pronerty Organization (WIPO) to establish +wo pratent docunentation and informa-
tiqn centres, ;&/ one for French-speaking Al.ica to be hased in Yaoundd and
another for English-speaking Africa to be based in Nairobi, would therefore seem

to be pertinent indeed.

60, 4t the global level there are many information services which are either in
existence alr idy or in an advanced &.age of planning, They include the Universal
System for Information in Joience and Techmology (UNISIST) of the International
Council of Scientific Unions (ICSU) and UNZSCO; 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 Netions Industrial Development Organization (UNIDO); the Integrated
Set of Information Services (ISIS) of the Intermational Labour Organisation (I110);
and the International Muclear Information System (INIS) of the International Atomic
Energy Agency (IalA). ;2/ Less elaborate information services with simpilar missions
need to be established in Africa at the national, subregional and regional :

LRI -

g;/ "Transfer, adaptation and development of technology! legel aspects of
the application of scicnce and technology for development in Africa', study prepared
by WIPO for the African Regional lleeting in preparation for the United Nations Cone
ference on Science and Technology for Development, para. 32(i),

15/ See Directory of United Nations Information Systems and Services
Inter~Organization Board for Informaiion Systems, 1973), p. 33.

(Geneva,
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levels. 1@/ The African Development Information Networlk (AFDIN), currently being
established by the Beonomic Comsission for Africa, is an important step in the

right direction.

(II., THE PRESENT STATE OF SCIENTIFIC AND TECHNOLOGICAL ACTIVITIES IN AFRICA

B Science and technology knowledge, manpower itraining and existing skills

61. beny counts.es in Africa are at a crossroads, econcmically as well as educa-
tionally. After almost two decades of independenccy & model of economic develop-
nent hased primarily on the expansion of the urban (aodern) sector has increasingly
been shown to be inadequate. In spite of the growth of real GDP ai rates between
4 and 6 per cent in many countries, and in some cases as hign as T or 8 per cent
throughout the 1960s, the expected fruits of this growth have not materializeds
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
recsnt years the growth has slowed dowm 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 ima way which perpetusied the economic dependence of Africa on the
~icher countries of Burope and the Americas,

62, It is .commonly recognized that Africa has great notential for develcpment.
The provlem is how to transform this potential into reality. One way of achieving
this ig to apply science and technology as the highly developed nations have done.
Lut a close look soon reveals that there arc a number of subtle impediments.’
wodern science and technology is largely of foreign sigin, and the nrocess of
assimilation noses special problems. African personnel not only have to master
science and technology nearly as fast as it is developed elsewheres they also

ave %o overcome the nsychological problem of gaining encugh self=confidence to
use the acquired knowledge creatively in their environment so that they too can
contribute to the cre tion of science and tec.nblogy. Unfortun: tely, the educa-
tional systems in most aAfrican couniiies fave noi sufflclently dddrcssed themselves

to these problems.

63 The most outstanding defect in the present educational systems is that they
have not been evolved to cater for the needs of African society but have been-
transplarted from alien sources almost wholesale and without adaptation. Hence
the curricula are not sufficiently oriented towards . cducation to solve national
problems. - In 1961, the addis Ababa Conference of Hinisters 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 long-
term targets for 1980:

() Primary education shall be universal, compulsory and free;

.

iw/ See also Whe contrlbutlon 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 iieeting by the Regional Committee for the
Devejopment of Information Services in Eastern Africa (P.0O. Box 7988 Neirobi,
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(2) BEducation at the secondary level shall be provided 4o 30 per cent of
the children who complete primary school:

(g) 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., 17/

64. In 1961 primary education in Africa covered barely 40 per cent of the relevant
age groud, secondery ecucation only 3 per cent, and tertiary education a mere
fifth of 1 per cent. In the decede and a half since the Addis Ababa conference,
the cquantitative 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 to
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 1 and 2).
Table 3 indicates the size and structure of formal educatien by African subregion

in 1973,

65. Deapite the rapid increase in errolment, 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 exceedad the Addis Ababa plan. Thus there has been a significant
switch in priorities away from primary education and towards secondary and higher
education, This would not have been a cause for concern if the courses -
particularly at the tertiary level - had Dbeen 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 anpears to .ave dropped, while the
Proportion in general education has risen and the proportion in teacher itraining
has remained more or less the same. Similarly, attempts to increase substantially
the proportion of science and technology students in higher education have often

faileda

A6, The very success of guantitative expansion has sharply revealed the inadequa~
cies of the educaitional targels. Successive conferences of African Hinisters of
Bducation held in dbidjan in 1964, in Nairobi in 1968 and in lagos in 1976 have
increasingly stressed 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 Iagos Conference: The time is no more when Governments
feel that educational development can be achieved through the numsrical expansion
of enrolment in institutions of a conventional nature which would reproduce and
nerpetuate the aims, content and programmes inherited from the previous generation
and from the colonial past. UWhat iz now at stake and under way is fundamental
rethinking of educational systems so fthat they can mould the African man of

1]/ "Survey of economic and social conditions in Africa 1976 — 1977
(Part I)" /B/CN.14/690 (Part I)7, p. 63,
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tomorrow, rooted in the culture of his continent but prepared for participation
in the building of a modern and prosperous Africa, contributing towards the
establishment of the new world order with the rest of the international community.” 18/

Technical training

67« In virtually all African countries, shortages of skilled manpower place serious
constraints on development, Therc are shortages of nersons who combine engineer—
ing or agriculiural expertise with managerial skills, industrial designers, produc-
tion engineers, engineering draughtsmen, broad-based technology practitioners,
snvironmental designers, quality control noersonnel, wanagement accountants - to
name only a few. Among the skilled nersonnel now available, there is often an
unfavourable ratio of middle-level tochnicians to professionals, and a general

lack of correlation between slkill requirements and the training nrovided. A number
of countries have noted these shortages and imbalances, but have been unable to

rectify them.

68. liost countries appear not to have adoquate facilities for iraining technicians,
This has resulted in shortages of tachnical persomnel, who are therefore in great
demand in most African countriss.

69. 4s far ag so—-called "high-level! professional personnel are concerned, train-
ing programmes in engineering have adhecred to the tradition of producing ecivil,
mechanical and electrical engineers., llost universities and other institutions

for technical {raining have taken no practical measures to diversify their course
options -so as %o reflect the needs of the economy morc accurately. & fcw '
universities, however, have introduced innovations which are liliely to make
training in such institutions more relevant, Such universitics as those of Ife
end Ibeden in Higeria; and the University of Geience and Technology in Ghana,
offer courses in food science and technology, chemical technology, and so on}
other institutions, like +the University of Dar es SBalaam, have incorporated
sandwich programmesz into their course siructures. Such sandwich programmes
provide a desirable link between the educational institutions and the "world of

work™ in indusiry.

70, Research units and research worlters in Africa are often located in the
universities, and this imposes on these institutions extremely important funcitions

in the netionel development process, But, unfortunately for Africa, growth in the
supply of R and D manpower [rom higher education is far from adequate, According

to & recent UNESCO survey there are, on average, 430.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 Janan and China), a tenth of

that for latin Amerlca and only & twentieth of that in Furope (eoxcluding the USSR) ﬁg/

A

1J Ibids, poe 71 - 72,

1 “Statlstlcs on research and exnerimenial development in Afrlcan countries
(UNESCO document SC/CASTAFRICA/ref. 1), paras. 40 and 46,
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Tl. Over half the students studying at national institutions of higher education
are enrolled in the humanities, religion, education, fine arts, law amd social
science raculties. Engineering and agriculture are the smallest groups of study
in most African countries (on averzge 5.3 and 4.8 per cent respectively)._'This
fact, of course, has dire conscquences for the building un of an adequate
potential for industrialization, for ihe mechanization of agriculiure, and for
economic growth and national development as a whole. (Egypt is.an exception

to this rule.) In Asia, for cxample, 10 per cent of all post-secondary students
study engineering; in Latin America the proportion is 14 per centy and in Burope
18 per cent. BSimilarly, the low percentage of students in agricultural sciences
(varring exceptions such as Hauritius) is highly undesirable for countries
largely dependent on national utilization of cash crops, as well as on the

exploitation of forests.

T2« Some countries thinl that the above situation is righted to a fair extent
by large numbers of their nationals studying engineering,; agriculture and
medicine abroad. This is unfortunately not the case because the number of
students abroad is, in absolute numbers, relatively swall 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 many African countries
study abroad is an essential supplement to local education, and that in certain
instances (Benin, 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 Dgypt is excluded, the ratio of the total number of
students from i4friean countries studying abroad (in 50 selected countries in the
UNESCO study) to those cnrolled locally was approximately 1 to 3.5 including

. Egypt, where higher education is relatively well developed and the nroportion of
students abroad is considerably lower, brings that ratio down for the whole of
Africa to about 1 to 9.

73« A further aggravating factor for scientific development is that the number

of graduates from national institutions of higher learning is very low compnared. .
with the ponulation. In 12 countries the number of students graduating annually
for cvery 100,000 irxbabitants. _is 5 to 10, and only in 5 countries does the figure
xceed 20,

74+ The above statisiics leave no doubt that the present situation of tertiary
education in African States, with the possible, excepiion of Egypt, does not offer
encouraging prospects for the development of R and D on the continent, even when
the ratio of students enrolled abroad is taken into account. :

.

B. Science and technolozy nlanning

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 aspects:

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 techriology policy should be a reflection of
long-term national goals and objectives, and of the over-all economic and social
development plan designed to achieve those aims.



B/CHN. 14/UNCSTD/AFREG/1
Page 20

76. In practice, nevertheless, few countries in Africa as yel have a science and
technolony policy clearly formulated in these broad terms. Instead they have an
agglomerate of many partial and implicit science and tzchnology policies which,
co-ordinated to a greater or lesser extent at the centre, have only very slight
impact on the national process of policy formulation.

Tt can be said that over the nast decade the intellectual dimensions of

Tl
African science and technology policy have evolved from & primary concern with

the allocation of resources for tae supnort of basic research to a recognition

of science and technology ac key components in economic development. In any
gventy & few countries have already included special chapters or sections dealing
with science and technology in their over—all national development plans
(Ethionia, Senegel, Tunisia, United Republic of Cameroon and Zambia), The
ladagascar plan includes research policy in relation fo agriculture, and several
others show an appreciation of the value of scientific research by making sub--

stantial financial allocations.

Institutional systems for science and ltechnology

78. The types of institution which, at the decision-making level, alfect the
fulfilment of the objectives of any science and technology nolicy are, generally
speaking, institutions such as the councils of universities, scientific and
technological institutes, academics of sciences, national research councils,
seientific and technological associations, higher educational programming depart-
ments {(at the ministiry and plaming levels) and, in some countries, ministries of
technology. The institutions that fulfil or implement the objectives of science
and technology nolicy at the operational level are generally university departments,

regearch institutes and occasionally industry.

Institutions at the sectoral level which have responsibility are generally
the sectoral planning departments and offices ol the ministries of hsalth, housingy
industry, transport, works, and so on, and fintnclal and State heldings. At the
operational level, policy is generally implemented within the produciion units
themselves (companies, technological institutes, or denartments created 1n the
aforementioned policy-making institutions). ' c )

19

30, TFor most of the countrics in the region two central aspects of the institu—~
tional problem can be scen. Firstly, government institutions and bodies explicitly
commissioned to undertake the formulation and implementation of science and techno-
logy policy concentrate primarily oa science policy and only incidentally on
technology policy. Secondly, even in ithe absence of an explicit institutional
frameworl: for technology nolicy in these countries, there has been and is an
implicit form based on institutions directly linked to pTroduction and econcmic

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

81, The designations of the instituiions for science and tcchnology policy differ
in various countries, but the institutions are quite similar. They arec directly
responsible to either the President, the Prime liinister, the Council of lHinisters
or the Linistiry of Planning or BEducation, They arc officially centrusted with the
formulation of science and technology nolicy or with assisting in its formulation,
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82, A clear—cut institutional distinction between technology wolicy and science
policy ha: proved much more effective in the advanced countrizs of Furone. This
distinction does not mean ihat technology nolicy in.iitutions should be created
on an ad hoc basis: on the contrary, this area of policy should be incorporated
into an exristing institutional framework, or onc to be developed, of economic

and social planning and implomentation. The institutions regponsible for formula~
ting and implementing technology policy must, in tura, cencourage the establishment
of links between the recuircments of technology development on the one hand and
social and economic objectives and the scientific and technical resources
aveilable in independent academic and scientific institutions on the other.

83, In conclusion, it can be stated that the machinery for indentifying, sel gte
ing and planning scientific and technological activities is undergoing progres—
sive change, and that there is a tendency To cntrust 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 long-
term solutions to the problems of the development and implementation ef technology

policy.

84, Although the progressive development of the systems and methodology for
identifying, selecting and plamning scientific and techmological activities
geared to the link betwcen thesc and the structural development of the national
economy, 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
meking, manufacturing company, or research institute levels And no evidence has
been found of any specific criteria for e- 'ablishing priorities and allocating
resources, whether at the State, sectoral, c: even subsectoral or company level,

is

85, Table 4 ahows policy-making policies for science and technology in African
countries, Twiost African countries now have science and technology policy-maling
bodies, anl some others have annowiced their plans i follow suit. Though con-
gsiderable scientific infrastructurc has been built up with some substantial re—
search and extension activities, often some of these have been based on inherited
institutions which are not necessarily best suited fo the needs of a country
aiming at rapid development. Some countries still find it necessary to rely
heavily on foreign-based institutions, staifed largely by expatriate personnel,
While these have made useful contributions, they are noi readily harnessed to
local development needs. liany countries will therefore g8till need to restruciure
their research and supporting organizations to form a more coherent force for
development. GCo—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—-developed. The large share of agriculture in West and Eastern
Africa compared with North and southern Africa is an indication of the low level
of industrial development in the Western and Eastern subregions.
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7. In 1972 Africa's share of total world manufacturing output was only 0.6 per
cent, while its sharc of the output of the developing world wa: less than 10 per
cent. Further, manulacturing output brole down as follows: consumer non—
durables ~ about 70 per cent; intermediate goods ~ 15 to 16 per cent, and canital
goods, including consumer durables - 14 to 15 per cent. 20/ Thus it can be seen
that, witn the exception of a fcw 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 menufacturing is predomi-
nant in Africa at the present time. This is a very unsatisfactory situation when
it is realized that intermediate and capital goodz industries comstitute 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, Many countries in the region are now giving increasing weight to the develw
opuent 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 partse

89. However none of the African countrics 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 resulited in increased

growth in imports for the expansion of established heavy industries,

90, Probably the greater number of imports used in mar afacturing are intermediate
goods which have not as yet reached the stage of final production by industries

in the continent. Africa is, of coursey 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 continont. A great mumber of African coune
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
ig a net importer of leather For shoes, wood pulp for naper, 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 non-ferrous metals (including copper, tin, zinc, lead and aluminium),
pigments, indigo, ccal=tar dyes and other tanning and dyeing materials, all of
which go into corresponding immorted 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.

I. Scicentific and technological research and development

91, The present state of R and D in alfrica will be discussed under four headings:
R and D manpower; R and D financing; R and D institutions, facilities and equip~
ment; and R and D projects.

gg/ "The African economy-baclground to the examination of the issues of
technology trensfer, adaptation and development in Africa® (E/CN;14/ACTT/2/Add.l),

para. 30.
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1. R and D manpower

92, The mosv recent study on R and D manpower in Africa can be found in UNESCO
publication SG/CASTAFRICA/ref. l. The situavion may be swnmed up as follows;

93, In terms of the numbers of scientists, cngineers and technicians per million
population, & majority of African countries possess only about a half to a fthird
of the corresponding numbers in Asia and only & thirtieth of fthose in Burope.

The nunber of scientists, englneers and technicians engaged in R and I in most of
the countries does not exceed 10 per cent of the total; lliis proporiion is roughly
comparable to that in the countries of Asia and REurope.

94. Ho African country has so far achieved the target laid down for the Second
United Hations Development Decade in the Werld Plan of Action: 200 research
workers per 1 million inhabitants by 1980. The corresponding targets proposed for
Asia and latin America were respectively 380 and 400 research workers per 1
million inhabitants. As of 1967, most European countries had 1,000 R and D
scientists per 1 million population, and this figure has risen considerably

since. African countries closest to the target are lauritius (137), v (84),
Mmbor {81), Ivory Coast (78), Senegnl (77); Kenya (65), Tunisia (62}, Congo (60
and Ghana (60), Horeover, these figures include persons of foreign nationality,
who in certain countriss can represent up to 70 per cent of the number of
scientists and engineers, - h T o

95, Part~time scientific personnel appear to constitute a considerable proportion
of total numbers of scientists and engineers in R and D (48 per cent on average
for all the countries surveyed). Generally the matural sciences are represented
by the largest group of R and D scientists and engineers (37 per cent in total).
Apriculture accounts for 33 per cent of the total, while engineering - & major.
group required for the tasks of development and adaptation of technology - is one
of the smallest R and D grouns (9 ner cent), and is mentioned in only 20 of the
replies from the 36 couniries. -

96. The higher education sector is %he most important employer of R and D
geientists and engineers: 55 per cent of the total number, The productive sector
employs 36 per cent, and the general service sector only 9 per ceat. :

97. The ratios of -%echnicicne per R and D scienlist and engineer are different
in the various sectors of R and D performance., In higher eduvezlion; the ratio
is 0.6, in ths productive sector l.6 and in the general service sector 1.5; the
average for all sectors is one ftechnician per scientist or engineer. This is a
rather low ratio, and highlights the shortage of teoh@icians able to lend
effective supnort to higher R and D personnel. g;/ ,

2. Rand D financing

90. In general data on R and D financing in Africa are inadequate. UNESCO

records that 10 out of 20 African countries reporting on their level of expenditure
for secience 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/ I+ is not clear,

21/ SC/CASTAFRICA/ref.l, chan, II, sect. B.
22/ Ibid, para. 67.
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however, whether these countries have reached the 0.) per cent of GNP targst for
R and D laid down by the General Assenbly in the International Development
Strategy {or $he Secord Developmeat Decide. It seems probvable 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 nropsr, plus 0,5 per cent of GHP for the cost of
related scientific and technological sublic scrvices).

99, In most of the countries in the region, government funds constituie the

main source of R and D financing, though only & few countries, such as Senegal,
appear to identify R and D expenditure as a separate item in the national budget.
In some countries, however, the nrocuctivec and/or service sectors play a major
role in R and D financing., To judge by data for a small mumber of counjyries, the
higher education sector appears io coniribute to tofal national R and D expendi-
ture in widely varying degrees ranging from almost nil to a fairly sizeable
percentage. Regional R and D exmenditure per R and D scientist (engineer)
appears to be in the range of {US 9,000 to US 20,000: this is considerably below
the world average of JUS 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. : T o

-

3. R and D institutions, Facilitiss and equipmeit

100, A UHESCO 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 §,048 full-time and 5,045 vart-time researchers, or 11,903 researchers
in all. There is no doubt that the number of insgtitutions 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 5, while table 6 shows the disfribution of the research workers who at

that tine worked in the 722 institutions surveyede From these tables 1t can be
seen that National Councils for Sclence 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 indusiry are extremely rare, and those that exist seem to be
engaged in cuality control activities rather than industrial research as such.
The great majority of enterprises still rely om the R and D facilities of the
narent firms outside Africa,

101, In some cases, whore substantial industrial research and development
facilities exist, there is still a tendency to shop abroad for manpower and
expertise, thus depriving local personncl of the chance to gain experiencs
through "learning by doing", particularly in the field of consultancy. Ioreover,
the few industrial research and develonment facilities that do exist often adopt
the university laboratory approach to research, leading to publication in inter—
national journals rather than commercialization of the research results., There
are thus few contacts with industry and the usars of technology.

23/ UNESCO document SC/CASTAFRICA/3, chep. I, naras. 5% — 6de
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4 R and D projscts

102. Africc has for a long time depsnded on the scieriific and technological
knowledge made available by the developed countries, mostly because of lack of.
resources and technical capability. But Africa is now in the process of making

up for the scientific and technological lag, When one considers what was accom—
plished in Pharaocnic Egypt, one can easily understand that this lag is a historical
accident and that the African, like other human being, is capable of carrying out
scientific and technological research at the highest level in order to find
adequate solutions to the problems posed by his environment and his development.

103, Considerable interest is now evinced in many African countries in the use
of solar energy for pumping water for domestic supply and small-scale irrigation,
for cooking, drying, water distillation and so on. The earliest solar pump in
Africa was installed in the Institut de Physique Météorologique in Dakar in 1968.
Similar pumps are now in operation in Algeria, Chad, Egypt, Kenya, Madagascar,
lali, Mauritania,' the Sudan, the United Republic of Cameroon and the Upper Volia,
and some are being installed in Cape Verde, Rwanda and the United Republic of
Tanzania., The Niger Bolar Energy Office (ONERSOL), established about 10 years ago,
the Institute of Solar Ener.y and Related Dnvironmental Research (ISERER) in the
Sudan and the Solar Energy laboratory in Bameko, Mali, have already produced a
promising line of samples of equipment using solar energy, such as solar water
heaters and solar stills. The Rwanda Centre for Energy Studies and Applications
(CEAER) also has an applied research nrogramme on such appliences, including solar

refrigerators and bio-diggsters.

104, In the bio-gas production field, reseiich is being conducted by the Inter—
African Committee for Hydraulic Studies in the Upper Volta. For more than 20
years a private firm, Fort Therman, has been manufacturing bio-digesters in Kenya.
The bio—digesters produce not only methane fuel gas but also excellent fertilizers,
The high quality of the Shidge as fertilizer has been demonstrated scientifically

by the Coffer Research Foundation of Kenya.

105, Efforis are also being made to use wind energy in Africa, particularly for
pumping water for domestic suppnly and small-scale irrigation. Field and pilot
experiments are continuing in many African countries. In Senegal the Physics Unit
at the Thids Fcole Polytechnique is working on the use of wind energy with
generators with a nominal capacity of between 13 and 15 horsepower, The object

of the work is to identify and solve problems in connexion with the adaptation of
the various types of machine already developeds Experimentation on the aerodynamics
of wind mills and the production of new types of windmills is being conducied in
Ouagedougou, Upper Volta, Work is also being done on a mumber of problems to im-
prove the operational efficiency of windmills 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 nunber of countries in the
region, including Ethionia, liali, Senegal, the United Rcpublic of Tanzania and the
Upper Volta, Cape Verde has an industry for the commercial production of wind-

mills,
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106, In the Ivory Coast and Nigeria, several rosearch nrojects are under way in
the area of agricultural production. Substantial work has been done in agromomic
research to improve grain varieties and to siudy gsystems of cultivation which will
increasc farmers! vroductivity. Researchers in the region are trying to improve
local varieties by experimenting with hybrids adaptable to local economic and
climatic conditions. Fertilizers and technical equipment are also being tested

in this search for greater productivity.

107, Research and development projects on housing, water, power, agro—indusiries
and manufacturing industries are geing on in Boiswana, Ghana, Kenya, Nigeria, Uganda,
the United Republic of Tanzania and Zambia. gﬁ/ In Nigeria the Federal Institute
of Industrizl Research haspromoted the development through local technical innova—
tion of a nrocessing plant for gari (a cassava product)s The work involved funda~
mental research, quality improvement and large-scale production. The Tanzanian
Small Industries Developmnent Organigition has embarked on & nuwnber of projects

for the development. and popularization of appropriate technology for small~scale
and rural industries. Some of the »srojects include food processing, building
materials and clay products, textiles and clothing and a rural mechanized
workshop., The Technology Consultancy Centre in the Kumasi University of Science
and Technology in Ghana participate. in R and D work by providing technical know-
how and assisting in the testing ol new products in pilot plants. Tae Centre
also provides technical production, access o credit and improvement of equiphiente
Similar wori 1S being done by the .appropriate Technology Centre in Botswana and
by the Technology Development Advisory Unit (Tp.U) of the University of Zambic.,

Ee Seience and technology records, documentation and dissemination

108. The importarnce of national information systems and their links with regiomal
and world information resources cannot be over—emphasized. Unfortunately, the o
devclopment of information systems on science and technology in Africa is very
fragmentary. One of the tasks of the research worker starting on a project is to
obtain as much information as possiblc about previous. work done on the same or
related subjects. He can thus reduce the risk of duplicating work already
successfully accomplished, and also learn much about methods, instrumentation and
results relevant to his own activities. : -

109. Many thousands of scientific and technical journals and books are nublished
cvery year, and useful information may be soread over a world-wide range of
literaturc. - Information searches may therefore be time-consuming, and special
means are necessary to assist the researcher in this exercisc., This is the func-

tion of the documentation service.

110. The main deeksof the service are: 1o prooure copics of nubligations. ,
spocifically requested by research workers,; to draw the research workers' atten-
tion to literature likely to be useful to them, even though not specifically re~
quested: and to provide translations of material published:.in languages unfamiliar
to the research workers.. . _ L :

»- !

-

24/ See Hans Singer, Pecimologics for Basic Heeds {@Gepeva, International
Iabour OLfice, 1977 )
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111, Hethods usad to provide the above services will be adapted to suit particular
circumstances. Thus as regards documeni preocurement, much will depend on whether
the documentation service is located inside a substantial scientific or. technical
library or is located closc to such a library, In thesc circumstances, volumes

can be lent or photocopics made. If, however, the documentation service. is not
near such a library, microfilms of the publications may be more aporopriate.

mey take the form of providing current lists of
selected jourmals, indexes of world literature, abstract bulletins covering
perticular subject ficlds, or special bibliographies, A documentation service

is a dynamic service, and is not merely a repository of documents.

Literature awareness gservices

112. For the efficieni operation of “such services-it is important, first,-that
the scientific and technical literature hield in all the specialized libraries in
the country should be catalogued in a unified system, ce~ordinated by the
documentation centre; and, sccondly, that the documentation centre should
maintain close links with corresponding centrss in both advanced and developing
countries, so as to facilitate access to information from all parts of the world.

113. Documentation services can be used to provide publications = indluding

patent specifications and other specialized literature - from any country; they
are of obvious importance in the transfer of technology, which is bound to play
a large part in the developing countries of Africa. ' :

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

Some libraries, particularly university libraries, try to perform jobs that
should be performed by documentation centres. The activities undertaken by such
libreries are generally restricted to reprogrephy. Yet most government depart-—
ments and parastatal organizations in Afrieca 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 documentation centres. One is the
former Fast African Community BAAFRO~TAVRO library at liuguge in Kenya. This is
hampered by staff shoriages and the great volwae of literature in science and
technology. Its activitics are limted o sending photocopies of important
articles published in international trade journals to interested scientists in

natural science or technology. 25/

115, Iaformetion services in libraries; documentation cenires and archives have
been slow to emerge in the continent, even though it has long baen acknowledged
that a rational programme of information service education is vital to innovation.
and progress. liost of the information work is carried out mainly in libraries of -
one type or another. There are academic libraries - wniversity ‘libraries, :
private libraries and public libraries - carrying out information work. A4s far

as training of information manpower is concerned, there is the Last African School
of Librarianship which was set up at liakerere University in Kampala, Uganda in
1969 and there are Departuenis of Library Studies in the University of Ibadan in
Nigeria and the University of Ghana. However, these institutiohs do not provide
sufficient guidance for their students to enable them to handle science and tech—-
nology informztion. It can be said that the lack of trained staff in sufficient
mumbers is one of the main obstacles to the development of scientific and tech-

nological documentation and information services in the continent.

gﬁ/ The contribution that co—ordinated information and documentation

services can molecee™; ODs Citay DDe & ~ 3o
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116, There is some co-operation among libraries in the continent, and also among
documentation centres. Many universities in Fastern Africa co-operate with the
co-ordinating Centre for Regional Information Training in its prcgrammes. However,
there is not much other co—operation in the field of libraries and documeniaiion
centres at the regional level, even though different libraries in individual coun—
tries co—operate fairly well, Such co—~operation generally %akes: the form of three
activities: inter-library I lending, photocopying and offering duplicates and
other publications. Intermational 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 international flows of African
research scientists and technologists are not only much smaller than those occur—

ring in other regions, but also their geographical distribution is even more

unbalanced than elsewhere.

118, This is due to the language barrier which splits the African continent into
two main zones of spoken and printed communication with the intermational ‘
scientific community, and to the strong ties that often link African scientific
institutions 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
Furope and North America on the one hand, and to the African countries using the

same language on the other.

2e The brain drain

120, It cannot be eaid that increased travel opportunities are always beneficial,
especially in the case of undergraduate and post—graduate students in science

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

One is the so—called "pull offect’, whereby countries that are short of
scientists or cngineers attract foreigners; the other is the "push effect”,

which compels unemployed, underemployed, underpaid or politically harassed :
scientists and technologists to emigrate.

121. It is neither desirable nor practicable to halt international movements of.
scientists 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 technological mampower will cause serious damage to the national
econony, remembering that the losses are effectively doubled by the gain of the
receiving country, which is usually a more advanced country whose economic
objectives conflict with those of the unwilling "donor',

122, The prevailing educational, economic and social conditions in the developing
countries combine to intensify the problems of the brain drain. On the one hand,
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the number of trained scientists, technologists and tcchnicians, as a proportion
of the total nopulation, is generally low comparsd w’th the figure for the
advanced countries, so that any losses will be felt more acutely, 0On the other
hand, as a consequence of the relatively low level of economic and industrial
developmenty the number and disiribution- of suitable posts may be insufficiant to
absorb even this relatively small nwaber of trained personnel, Those not abBorbed
into science~related occupations naturally seck employment elsewhere, and it is
likely to be the mosit highly qualified among them whe will find posis abroad, in

nore advanced countries,

123. However,; it must not be assumed that trained personnel migrating from deve-
loping countries all go directly to the most advanced countries, In fact, since
the countries of the region are at different stages of development, and the subject
distribution of specialists differs from country to country, thers is a certain
brain drain among the African developing countries themselves,

124 In addition to the adverse effects of the brdin drain on the devélopment of
science and technology in & country, there are also serious educational and
cultural 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 onea By shifting
valuable soientifically trained human resources from the less to fhe more
developed countries, the disparity between them will be inereased, the technolo-
gical and economic gap will tend io widen, and the prosiects of %he less favoured
countries {or atitaining cconomic and social independence will be raduced,

125. Under various cxisting technical co-operation and assistence arrangements,
there is a substantial number of highly trained scientists and technologists from
advanced countries serving temporarily in developing countries, Their Dresence
should be regarded as an interim "brain loan", though indeed one designed to
contribute to the strengthening of seientific and technological capacity.

126, To reduce the brain drain an increased proportion of advanced training will
need to be provided in the developing countrics themselves, llore sen rés of
advanced study should be established which will aim for international s+andards
in advanced training and research in selected fields. The atiainment of inter—
national standards might be facilitated and accelerated by . encouraging graduate
students from advanced countries to participate in training and renaE ol L3

these advanced centres in developing countries.

G. Current methods for choosing and transferring technologies

127. Almost all countries feel tie nced 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 technology, but few fully appreciate the implica-
tions of this technological dependence, which most of the policies pursued in the
various countries tend to perpetuate rather than diminish. - '

128, TFor example, investment decisions and project selection are ofien determined
by the financing conditions of the external investor/partner, who also invariably
selects the technology. The result is that the techmology supplier dictates the
terms and conditions of the transfer, as well as determining the future natterns
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of sources of intermediate inputs and also various elements of the technology.
Invariably the source of machinery is tied to the foreign:.partner. In scme '
cases, both the machinery and technoloygy turn out to be obsolete. In trying to
correct this, some countries go to the other extreme and choose ulitra-modern
technology with its accompanying problems of scale, gkill intensity, capacity
utiiization and lack of markets,

129. A few countries have realized the ilmportance and necessity of greater
involvement by mational institutions in the process of the acquisition and deve~
lopment of technology. Such countries have established regulatory fremeworks to
monitor and control the acguisition of technology., Nevertheless, it remains true
of most african countries that there is & gap between pronouncements of policy
in this field and the translation of such pelicy into action for strengthening
national technological capability.

H. Entreprenesurial and management skills

130. In discussing entrepreneurial and management skills, it is first necessary
to define what is meant by & good entrepreneur. In the words of Schumpeter,
"the defining characterisiic fof the entrepreneu£7 is simply the doing of hew
things or the doing of things that are already being done in a new way". And
Schunpeter goes on to remark that the new thing '"ned not be spectacular'" and
that the capacity for creative innovation is to be found "even :in the humblest
levels of the business world", gé/ 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 ie important 1s not pure originality but rather non-routine activity. The
capacity Tor non-routine activiiy is not, of course, confined to the business
world; it is encountered in politics, in community affairs and in the school
sySiema. :

131, The fact that entrepreneurial business skills involve an element of oreative
imagination or original improvisation, deriving from a restless search Tor 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 un

a tea stand or a repalr shop employing one or two helpers calls for quite
different entreprensurial talents from thoseneeded to run a timber yard cmploy—
ing 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 entrepreneurshin nesds not only entrepreneurial but also
managerial and other skills. ' :

132, . In view of the faci that the growlh of manufacturing in Africa has generated
little additional employment in recent years, the idea has arisen that employment
opportunities should be promoted by encouraging the growth 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 arc limited not only in quantity but also

26/ P, Manis and A, Somerset, é{yic@g.Bds;yessmen - A Study of Entrepreneur-
ship and Development in Kenya (London, Routledge and Kegan Paul, 1971), Pe2,

Toot-note 1.
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in gquality, and this is one of the crucial boitle-necks barring the way to
vigorous growth of the informal sector in the continent., The limited numbers of
African entrepreneu s are partly due {to the academic orientation of the
educational system, which promotes aspiraticns for whiite—collar employment.
While the poor gquality 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 educational attainrsnt, these were men who lacked the formal qualifica-
tione which would have entitled them to well-paid government jobs, and consequently
would have had to fill subordinate posts working to others. They chose a business
carcer because of a sense of frusiration that, for one reason or another, they

had been prevented from c¢limbing the conventlonal ladder of examination successes
leading to white-collar employment. gl/ Indeed, in some cases, it was the denial
of secondary education that seemed to have been the spur o original enterprise.

By contrast, the moment a boy has secured a secondary schocl 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 a necessary condition for the emergence
of entreprencurship, although the existence of successful uneducated women
t+raders in the markets of Acora and Lagos makes one wonder if that is true in

all cases. It is possible to teach bock-keeping, accounting and even specific
management technigues, but these are routine skil.s waich do not add up to entre-—
preneurship. They are more useful for the clerks cr managers whom the entrepre-
neur may engage than to the entreprensur himself. The Management Training Centre
in Nairobi, set up in 1966 with the help of ILC, has .experimented with short
role-playing courscs in starting and manazing a small retail business, which
comes cleser to imparting entreprenczurial skills than any of the highly formalized
courses that are found in many of the training centres en the continent;'g§/

But even the Nairobi Centre devotes only a small portion of its staff resources
to such coursses, tailored to the needs of petty African shopkeepers. For the
most part, its courses are designed to weet the needs of staff the Government

and big business.

135. There are at present many experiments geing on in Africa combining productive
work experience with schooling 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 same concept as

the basis for a reform of its educational s ystem. The aim of these reforms ie

to instil the value and attitudes of "self-reliance", or ia other words, to encourage
children to seek self-employment after leaving school. Evidence about the deter-
minants of the formation of values and attitudes in children is as yet too
“rudimentary to allow us to predict the distinct effects on entrepreneurial

Ipbid., pp. 64-56.

& &

ibid-’ pp- 221"222.
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attitudes . su~n reforms will'haye. Whet is. almest certuinly true is tithat the values
of self-reliance are mors eiicotively instilled by the entire culture of a !
socciety, which children pick up without even being aware of it, than by any
curriculum practices in school. 22/ '

136. If a country wants to provide entrepreneurship, it is not encugh to

reform the school system. Even agricultural reform, credit roform, training
facilities and the like are not enough. +#hat appears to be most important

is precisely what is most difficult to achieve: & major overhaul of attitudes,
incentives and economic structures o provide a setting in which gntireprencurship
may flourish. In other words, it reguires a reorientation of the wvalues of the
society and a form of economic organization which confers high status and reward
on the person of initiative. The reward need net be financial; it can take the
form of recognition and acclaim. What is important is neot whether entirepreneurs
are rewarded in money or in kind, but that society should recognize the positive
value of entrepreneurship. 30/

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 secter, 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 employ—
ment. over the past decade, the shift towards “tate enterprises, and the need for
rapid indigenization of senior positions, have Leant that middle and senior
posts have been available to relatively young and inexperienced persons. A
lack of on-the-job experience among. many public sector managers has created

& need for more training courses designed to teach management skills. A final
point, of critic-1l importance reolates +~ the iow levels of productivity in the
civil services of many countries. Govermments 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 ameek work in the
public sector but dces 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 publie
service, in terms not merely of monitoring performance more erfectively but also
of setting more exemplary standards of work and commitment at niddle and senior
levels. C ' '

138. For all three reasons, there has been rapid growth in the number of

hanagement training courses provided in Africa over the past decade. Host of the
larger countries now have public service management training institutes

T

-

29/ E®/cH.14/690 (Part I), pp. 104-105.
30/ 1Ibid., p. 105.
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providing a range of courses designsd epecifically for public sector needs;
and .some of the smaller ccuntries offer similar training on a co-operative .

" basis. Moreover, many African universities now offer .undergraduats 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 expension of recent years, there are few
systematic evaluations of the effectiveness of these efforts in formalized
wanagement training, slthcough their recent rate of growth suggestL 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
envirorment 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 essentlal complement
to formal iraining for management development.
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IV. OBSTACLES AND BOTTLE-NECKS

139, In 4frica, development is hampsred by a host of obstacles and bottle-necks,
the identification and elimination of which are an essential prerequisite for
progress. The fellowing paragraphs indidais obstacles in eight areas. The areas
have been selected because of their special importance in Africa.

Fi Institution building

140, The establishment of institutions is of vital importance for the sffective
utilization of science and technology for development. 31/ In this area,
problems exist in the following arsas:

'_(EJ Leadership: Inadequacies arise when the leadership of existing science
and technology institutionslacks proper training and relevant experience, or
changes frequently;

(3Q Programmes: Implementation suffers from poor planning, weak co-
ordination, and indifferent superwvision;

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

(g} structure: The structures of instituticons and the processes
established for their operation and maintenance are not sufficiently stream-
lined, and often give rise to practical difficulties;

(g) Linkages: The linkages, or exchanges, between science and technology
institutions and their environments are weak. Weaknesses exist in:

(1) The engbling relations with entities that contrecl the alloca-
tion of resources needed by the institutions;

(i1} The functional relations with organizations which perform comple—
mentary functions and services as well 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 programmes of the institutions;

(iv) The diffused relations with the public and elements in the
soclety which cannot be clearly identified by membership in
formal organizations;

(£) JNumber: Finally, the number of existing institutions for science
and technology is not sufficient. 32/

31/ See Amy G. Mann, ed., Institution Puilding: A Reader (Bloomington,
Indiana, Programme of Advanced Studies in Institution Building and Technical
Assistance Methodology, 1975), for full treatment.

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

141, ~Ady§nqemeﬁt,ih the area of education and training for the applicatien of
sclence and technology to development is impeded by the following obstacles:

(EQ; Resources;  Available buman, finsdncial and physical resources are
grossly inadequate wher matched against the programmes needed for expansion,
restructuring and extensive democratization of the educational system; '

(b) Planning: Plans for education and manpower training show the
following defects: - -

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

(i1) Only perfunctory attention given to the factors and magnitudes
, which need to be considered during planning, as well as absence
of precision;

(1i1) Weak-co-ordination, indifferent supervision and general lack
ef svaluation and monitering of programmes of activities;

l(iv) Incomplete inventories of available manpower, and inefficient
deployment as well as under-utilization of perscnnel;

(v) Lack of integration with national plans for over-—all develoapment;

(g) Curricula: Existing curricula are frequently inappropriate to Africa's
special circumstances and requirements; '

(&) Environment: The majority (over 80 per cent) of the people live in
rural areas, which makes universal provision of education especially difficult;

(g) Attitudes: Some resistance and discriminatory attitudes regarding,
for example, the education of women, constitute barriers to advancement;

(£) Brain drain: There is considerable migration of highly skilled and
direly needed manpewer to develeped ceauntries, :

Ce Iransfer, adaptation and develmpment of technology in Africs.

142. The obstacles which require action at the national, regional and inter-
national: levels include: ' ' ‘ '

(g) Lack of clearly formulated policies for science and technology;
(E) Lack of adequate scientific. and technological infrastiructure;

(¢) Lack of criteria to govern. the choice, transfer and adaptation of
technology; ' o

(d) Lack of information and expertise to evaluate the technology to be
transferred and the best means for its acquisition; ' ‘ ‘
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(g) Lack of entrepreneurial and managerial skills;

(£) Reluctance of those transferring technology.to.provide iaformation
on technological advances and new technology and to complement that 1nformat10n
with adequate technical serviceg and. 3351stance, o

(g) Lack of an adequate legal framework within which the parties to a
technology transfer transgction can. determlne thelr respectlve rights-and
obligations; - :

(_) Lack of 1nformat1on and skills to deal with the many legal aspects
of industrial property and licensing and techn¢logy transfer agreements;

{i) Scarce financial resources %o exchange for technology;
(i) Dependency of the productive sector on imported technology;
(gj Lack of machinery for evaluation of technology alternatives;

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

(é) ;Lack of adequate information systems in science and technology;

(E) Lack of extension services;
[

(o Lack of internal capacity for the choice, adaptation and absorption
N :
of technology; ‘

(p) Unpackaging of technology; - :.a;u;
(2) Technologies tied to foreign zid;
(g) Inappropriate programmes for education and *raining of persomnel in

science and technology.

D, ‘Food and agricul ture

143, Problems exist in the following categorles.
b I

(a) Weather: There is almost total dependence on natural weather, with
the result that delayed, early, excess dr inaddquate.rainfall create problems;

(b) Methods: Prevailing agricultural practices are not only 1neff101ent,
but also quickly degrade the soil;

(c)  Crop yields: Crop yields per unit area of cultivated land are -
exceedingly low, leading to serious nutritional deficiencies-

(d) Pfoductivity. The product1v1ty of labour is d1m1n1shed further by
low yield rates of #¥aditional crops;

(e ) Crop losses: Considerable losses (over 30 per cent) 33/ are caused
before, during apd after harvest by 1nsects, anlmale, plant diseases and poor
storage methodsy

33/ J. McDowell, "The village technology component in primary health care
systems" {a paper prepared for the UNICEF Eustern Africa Regional Office), p. 3.
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(g) Technology: In developing countries, agricultural #echnology has to
be labour-intensive, while in developed countries it has become extremely labour-
saving, implying that modern technology cannot be taken over as directly in
agriculture as in industry. Adjusting agricultural technology to factor pro-—
portions in developing countries raises financial and personnel demands far in
excess of available resources;

(g) Inertia: Millions of peasants must be induced to use new farnming
techniques and to raise the level of their technology, which requires a major
educational effort ; » . :

(g) Land tenure: Sharecropping and other forms of land tenure are
conduclye neither to technological changes nor to increases in the quality and
quantity of. agricultural labour. Land reform aimed at equitable redistribution
of land is necessary in some countries, even though this is likely to be resisted
by the land-owning classes;

(i) Habits: Feeding habits are so deeply entrenched that difficulties are
encountered in efforts to introduce new varieties of crops and other types aof-food
even when the new varieties are more mutritious and have hlgher yield rates
then traditional varieties of food; : -

(J) Resources. Properly trained manpower (espe01ally agricul tural
extension workersi, financial provisions, and znstltutlons for inducing change
in this area are generally 1nadequate.

E. Housing and urban development

'144. ‘The provision of decent and cheap housing as. well as the developmentmof
urban centres are impeded by a number of obstacles and bottle-necks which include:

(E)‘ 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;

(k) Problems of land tenure;
(2)‘ High cost of construction;
(g) Lack of an adequate local building materials industry;

_) Lack of a comprehensive policy for co-ordinated efforts in the -
development of the building materials and components 1ndustr1es, :

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

(g) Technical and organizational defects in.the bulldlng and constructlon
industry which impede the econorical use of morse productive methods;

(h) Lack of standardization and modular canrd1natlon of - etructural and
non—struotural components;

;) Problem of hou31ng designs, which are concelved with 1mported materlals
in mind;
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(j) Lack of building regulations and specifications establishing the
- use of new materia.’s and techuiques;

(k) Lack of building materials research;
(1) Shortage of technical and managerial expsrtise;
{m) Problems of settlem:nt planning and development;
(n) Problems c¢f urban transport: traffic congesation, inadegquate

and inefficient public transport systems, lack of parking facilities, narrow
roads, lack of transport planning; :

.
i

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

(p) Problem of repair and maintenance.

F. Health and sanitation

145, In Africa, malnutrition, as well as communicable and parasitic diseases,
continue to exact a heavy human toll, especially among infants and children.
Problems exist in the following categories: . : :

(a)} Access: Large =ections (70 to 80 per cent) of the populations have
limited (and at times, no) access to public healtn centres; 34/

(E) Communi ty participation: To achieve wide coverage of the pepulation,
health programmes, which should emphasize prevention over cure, must mobilize
community particivaticn on a sslf~reliance basisg

(2) HJutrition: Malnutriticon arises from deficiencies caused by insuffi-
ciency of fpod, and alsc by bad feeding habits; ‘ ‘

(g) Traditional medicine: Though still widely used and apparently
efficacious, traditional medicine has high risks and has yet to be put on a
satisfactory scientific basis. Efforts in this direction are in hand in- some
African countries, and should be 2ncouraged and expanded;

(e) Attitudes: Superstitions regarding the nature and origin of. disease
and death still prevail, especially in rural areas. Health programmées (such
as primary health care therefore ars not understoocd. Cften they are not accepted
and sometimes are even resisted;

(i) Diseases: ©Six parasitic diseases especlally plague the lives of
people in Africa - malaria, trypanosomiasis, schistosomiasis, filariasisy
onchocerciasis and leprosy; ' '

- (g) Personnel: The number of medical doctors and sanitary engineers is.

very inadequate. They must be supplemented with "extension" or front—line

: 34/ Primary health care (Afro iechnical report No. 3) (Brazzavilleg,, -
WHO Regional Office for Africa, 1977), P. 2.
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workers. - The approach in some African countries of developing cadres of trained
paramedical perscnnel to operate under the guidance of the few professicnally
gqualified persc.nel needs encourageme: .3

(g) Rescurces: Financial prevision and hospital facilities are grossly
inadeguate.

G. Transport and communications

146. The role of efficient tramnsport and telecommunications services in the social
and economic development of .a nation cannet be over—emphasized. Unfortunately,
in Africa, the development and operation of these services are seriously hampered
by a number of obstacles. Some of these are:

(a) Deficiencies in the transport and telecommunications infrasiructure;

(p) Handicap of land-locked countries due to poor access to porits in
neighbouring countries;

p—
and regional levels; _ . ‘ :

(¢) Lack of over—all t:ansport planning and development at both national
(Q) Lack of proper maintenance of transport networks and equipment;

(g) Lack of adequate terminal facilities;

(ﬁj Lack of adegquate and standard transport egquipment;

(g) Lack of standardization of *ranspori network design and carrying
capacitys

(Q) Irre jularity in the operation of transport scrvicesj

(}) Lack of expertise and management skills in transport and telecommunica-
tions;

(g) Poor national and regional telecommunications networksj;
(E) Shortage of telecommunications spare parts;

(}) Inadequate physical facilities, skilled manpower and eQuipment
manufacturing faclilities;

(g) Limited resources and inadequate funding;

(E) Inefficient port operations, leading to port congestion;

(o) 1Inadequacy of uational, subregional and regional shipping édmpanies;
(2) Lack of growﬁh and efficient management of natibﬁal shipping lines;

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

-
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(g) Lack of & region-wide transport network linking roads, railways,
inland waterways and air services;
(8) Inadequacy of mulvinational airlines;

(1) Securing ownership of user rights in the manufacture of transport
equipment both for construction and for carriage;

(u) Basic technological problems such as differences in the technical
specifigétions of .railways, development of modern road construction and maintenance
services at suitable cost, improvement of the navigability of inland waterways,
and development of technologies for the most efficient handling of cargo at
modal interfaces;

'(E) Lack of harmonization of domestic, intra—African and other inter-
national trafficy

(E) Lack of efficient airport serviées and facilitiess

{x)+ low density of Afri an railways (some. countries have no national
railway or section of international railway); :

() Poor maintenance of telecommunications networks and equipment;

(E) Inadequate multinational co-operation in the development of river
basins and lakes;

(EEJ Lack of indigencus research and develcpment activities in the area
of transport and telecommunications;

{bb) Problem of construction methods;
(gg) Lack of stdrage and parking facilities for merchandise and perishable
produge, which must await collection by agents or trans—shipment to other

destinations.

H. Natural resources

147. The problems in this area are as follows:
(g) Natural resources are not well identified and exploited;

(b) Problems of calibration and maintenance of an increasing range of
delicate, complex and expensive equipment for exploration of natural resourcesj

(E) Limited capability for design, manufacture, repair and maintenance of
requisite structures and equipment;

(d) Activities in mineral resources research and exploitation are oriented
more to export production to satisfy the needs of consumers in other countries
than to the needs of national eccnomies;
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_) The problem of energy development is very complicated, encompassing
important technical, industrial and general economic aspects including the
necessity for a full survey and evaluation of all available fuel, hydropower
and other energy resources whlch requ:re geological and nydrometeorologlcal
studiesy .. ... o A o R

(f) The greater part of the known mineral wealth is exported out of the
continent, and tco little is actually used for local consumption or for intra-
African trade;

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

(Q) Lack of technical and managerial capability in the transmission and
distribution of energy to consumers; :

(i) High initial investment for power stations;

(j) Insufficient subregional and regional co-operation in the development
of hydroelectric and other types of energy.
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V. METHODS FOR IMPROVING SCIENCE AND TECHNOLOGY CAPACITY . .0
AT ALL LEVELS : o R
A. Develeopment of criteria for the choice, transfer and adaptation of technology

l. The state of technological dependemcy 35/

148, The capacity of a society to create, assimilate, improve and adapt scienti-
fic and technological knowledge, and to use it effectively in development, is
based on three intierdependent elements. Firstly, there is the knowledge to

which a society has access; this knowledge, defined in its broadest sense, .
encompasses . "to Kknow-what, to knew-how, to know-why". The second element is
the availability of pecple with the capacity to understand and use the knowledge
productively in development activities. And the third element is the structurs
and efficiency of the institutions concerned with the development and application
of scientific and technological knowledge. This third element consists of:

“(a) Centres that generate or assimilate knowledge (R and D-institutions,
science and engineering departments, etc.), and those that disseminate -kntwledge
(consultancy firms, infermation services, ex tension services, etc.);

(E) Users of such knowledge (production enterprises, consultancy organ-
izations, etc.) and their functional links with the centres mentioned in (a);

(¢) The institutional and legal framework or system, predominantly in the
gavernment sector, whore functions include the establishment of priorities, the
allocation of resources and the regulation of, or direct participation in, the
interactions between the factors menticned under (EJ and (EQ.

149. The absence of these complex structures in most of the countries in Africa
has led to marked technological dependence, with serious economic repercussions.
The symptoms of this dependence are, among other things:

(g) The amount of imported knowledge in relation to the production needs
of the African region;

(b) The need to import this knowledge, not as a result of selection based
on relative efficiency but as a matter of sheer necessity;

(g) The one-way nature of the flow of knowledge resulting from the
lack of specialization on the part of the developing countries in development
and management of such knowledge.

35/ This section draws extensively on Andean Pact Tecknology Policies
(Ottawa, International Development Research Centre, 1976), chap. I, pp. 7-11.
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150, The effects of the unsatisfactory relationship with other countries as
regards technology are loss of control over decision-making in programming,
productidn, and marketing; the frequent import of inappropriate technology;

and the weak negotiating power of member countries in the purchase of technology.

151. The causes of the present situation have been discussed in earlier
chapters, and must be understood within the general context of the consiraints
to development.: Some of the causes are related to policies or the lack of
policies for science and technology in African countries, and these contribute
heavily to the scarcity and inefficiency of the use of knowledge in production
activities. Two of the most important are the orientation of technological
development efforts and the way the African countries at present import technology.

(g) Orientation of technological development efforts

152. . The scientific and technological activities carried out in the African
countries have been concentrated on the natural sciencdgs and basic research,
which, although important, do not cover the whole spectrum of the components of
technological development required to satisfy socio-economic needs. More than
70 per cent of all research persomnel in the universities or centres -that carry
out research are in the natural and medical sciences; and less than 10 per cent
are engaged in industrial research. '

153. As a result of this, and of the relatively low aggregate demand for local
technology originating in production activities, two types of brain drain are
occurring in the region: an "external brain drain" whereby some of the best
scholars that the region can produce are migrating to the advanced countries,

and an "internal brain drain" due to the employment of professionals in .activities
little related to the technological development effort. The present state of
affairs cannot be improved simply by increasing funds for scierntific and techno~
logical activities, even though they are at present insufficient. It is necessary
to attach more importance to where such funds sre spenty to-developing the
capacity of the people, enterprises and institutions that utilige scientific and
technological knowledge to solve national development problems; and to the
specific consideration of scientific and technological inputs by those who plan
économic and social development relicy.

(EQ Import of technology

154. The lack of internal technological capacity has resulted in the import

of a considerable amount of foreign technology. A key feature in most of the
countries is the "packaging" of knowledge, which has the effect that the téchnical
inventive capabilities of the countries are displaced, or do not develop.  In
addition, the capacity to imnovate by creating a synthesis of different techno-
logies so0 that they become appropriate for local production processes is also
displaced. ‘Consequently, foreign technology is applied without being absorbed

by the internal technological infrastructure. '
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155. The use of imported knowledge has zeveral effects. In the first place, it
often ignores the internal factors of production and resources avaliable locally.
The increases (if any) in production achieved with inappropriate technology

tend to conflict with certain basie development objectives, such as the level of
employment. Likewise, the export of products manufactured with imported
technolog essential fo integrating the national economies with +he rest of

the world) is severely restricted by the terms under which technology is made
avallable. loreover, the need to import essential knowledge from abroad, when
addsd to the present patents system, leads to economie and even political power
being concentrated in foreign centres, whose objectives and interests de not
necessarily coincide with those of the recipient countries.

156. In addition, thare are many direct economic costs resulting from the high
degree of dependence on foreign technology: for example, explicit payments for
technology (royalties for licences and patents) .and indirect payments for capital
goods {whose purchase is often a condition of the sale of +he technology).

157. All the above factors have created heavy technological dependence that holds
back the develcpment process in most African countries. As a result, Africa must
bear a high opportunity cost in a factor that is critical to growth: ths

mastering of science and technology and their application in production acti-
vities. Internally, this indicates that urgent needs are going unfulfilled,
Externally, Africa maintains this dependence, and exchanges products that have

a small addsd value for those complex products that invelve paying for sophisticated
production factors that enjoy monopolistic prefits,

2. Problems in the choice and transfer of technoleogy

158. For 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 suitsable in one environment is not
necessarily the best for another. 4 country develops technology mainly to suit
its own internal market conditions and needs, and not necessarily for exporting
it to other countries. '

159. Organizations that have developed significant new technologies are very
reluctant to license them except on very profitable terms.  Fven if thase terms

are met, the advanced technologies may not be the most appropriate for s rarticular
developing country. 'The developing countries, and African countries in particular,
are at a great disadvantage in selecting what technology to acquire through
licensing. First of all, the technologies. of the developed countries are not
specifically geared to the conditions prevailing in the developing countries, or

if they are, it is only coincidental. Alse, the developing countries do not have
the necessary infrastructure for studying and evaluating the variocus technologies
available; and most of the time they do not even have the information on what
technologies are available for & particular job. An organization trying to sell
1ts technology to a developing country will oniy rarely give such complete and
unbiased advice that a proper selection of techrnology can be made on that bagis
alone. Very often the result of obtaining advice from such an crganization is

that its technology and the services of its experts are bought.
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160. Many developing countries lack the necessary expertise even 10 select thelr
advisers properly, and it is not simpls to choose an independent and impartial
consultant to wdvise on the selection of technologies. The handlcaps are many.
The consultant himsalf may be unfamiliar with the background, the infrastructure
and the social conditions in the developing country. 4Also, his advice is
conditioned by the experience he has had and the expertise he has gained in the
industries with which he is familiar. o

161. Even when the necessary infrastructure exists in a developing country for
evaluating technologies, many other handicaps have to be overcome if the best
choice is to be made. The Government itself may not have laid dowm proper criteria
for selecting technologies. In many countries, policies for achieving higher
living standards have not been laid down clearly or spelt out in sufficlent detail
to ensure the selection of appropriate technologies from other countries.
Furthermore, the concept of appropriate technclogy is not always understood,

and even if it is, its implementation is often inadequate. 4s a result, in-
appropriate technologies are often selected.

162. Another major problem in the choice and transfer of technology is that
some technologies are tied to fereign aid. A developing country has little
leeway in the selection of technology for a particular purpose when the techno-
logy is tied. The choice, then, is restricted to the technologies available

in the developed country offering the aid. In this way the concept of appro-
priate technology, 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 tecknology from aid would b~ desirable. The developing
countries would then be more likely to choouse appropriate technology, since
they would be in a better position to assess all the technologies available
irrespective of their sources.

3, Factors to be considered in choogsing and importing technologies

164. DNotwithstanding national and regional efforts to create technology,
technological resources for the sccio-economic development of African countries
will for a long time to come depend on technological importse. Even in the

more distant future, it may still be advisable to exploit the fechnologies
available on the international market. This is bécause.the need to--develop
new technology at an ever—accelerating pace has led to a rapidly growing inter-—
national exchange of technical knowledge, which would help to avoid duplication
of efforts and to reduce the tremendous costs which now fall on the recipient
industry or country in technology transfer transactions.

165. But in order tc gain maximum benefit in aéquiring technologies developed
and already used successfully elsewhere, the African countries will need to
follow certain guidelines in the exchange 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 may mean that the latest and most
advanced version should be provided; in others, smpler or more labour-intensive
versions would be more suitable; ' :
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(b) The nroprietor should be obliged to provide, and capable of providiﬁg,
the needed tra.ning of key personnel _n the developing country. Some of this
tralnlng may be given at the headquarters of the proprietor, where the trainee
can better appreciate the scope of what is invelved. But the greater part
of such training should take place in the acquiring country, where the pro-
prietor's instructors can sse, at first hand, the best way in which the
licensed technology can be adapted to local conditions;

(g) The imported technology should utilize, as much as possible, local
resources, including raw materials, labour skills and supervisory personnel;

(d) The .activity should make a contribution to the gconomy of the
acquiring country that is greater than mere import substitution. Thus the
possibility of producing exports that will earn a substantial amounti of foreign
exchange should be a goal, In this connexion the existing interesis of the
proprietor in some of the potential export markets should be taken into con-
sideration; ' '

( } The impori of the t chnology should have some positive side effects
such as encouraging the growth of certain local supporting or supplying
industries. On the other hand, such technology should not tend to destroy
any cultural, historiecal or ecological situation existing in the acquiring
country that should be preserved. 36/

166. Finally, it should be mentioned that licensing agreements with organiza-
tions and ‘enterprises in African countries st-uld contain provisions that can
accomplish the transfer of technology efficiently and without creating areas of
uncertainty that can beécome bases for future disagreements. Even if the
recipient entity is a joint venture, partly owned by the proprietor, it is

wise to define clearly the conditions of the technoclogy transfer in a formal
agreement. Suca an agreement should 2fine the techno’ gy to be acquired or
transferred, describe the torrlicrsy aad the degree of exciusivity,. provide
thoroughly for the technology transfer and training, taileor production to the
capabilities and needs ol the acquiring country, install strict quality control
procedureés, provide for a local resesarch and development programme, and _
establish effective reporting requirements between the parties concerned. él/

4+ Procedure for adaptation.of imported technologiss 38/

167. 'T™e mode of technology transfer can be classifiéd into two major
categories: '

(_) Different technological elements appear as a package and thus are
negotiated as one complete unit, which also comprises foreign provision of
ather services, equipment, financing, ete., to enter the productive process as
a larger package. Here the user heés no direct access to the different parts
of the imported technology and consequently cannod ass1mllate, adapt or improve

36/ "National approach:s to th: zequivition of technology” (ID/187),
pp- 85-86. : o :
37/ 1Ibid., pp. 86-87.

3b/ This section draws extensively on Technology Pollcy and Economic
Development (Ottawa, International Development Hesearch Centre, 1976), chap. VI,
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them in keeping with his own needs, As a result, the opportunity to make use
of imported teéhnology as an instrument for one's own future technolcogical
activity is not poovided. This is, in general, the present mode of transfer of
technology as applies to most African countries: the technology is neither
sbsorbed nor assimilated, but is merely superimposed on the acquiring country's

productive process;

(E) Technology is acquired element by =lement: first, the technological
package is separated from the rest of ths project components (equipment, financing,
capital contributions, etc.), aand, secondly, the technological package itself
is broken up into its different elements: basic process licences, basic designs,
detailed engineering, specific engineering services, technical assistance for
start-up and plant operations, etc. :

168. Such a breakdown of technology into its component parts allows for the most
comprehensive transfer of knowledge, not only because of the nature of the
information transmitted, but also because of the greater need to adapt the
manufacturing processes and products 1o the conditions prevailing in the reci-
pient country. Accordingly the supplier is compelled to undertake adjustments
that will entail research and devslopment and thus gradually promote the evolution
of technology in the recipient country.

169. Unfortunately, in order to accelerate the development of local manufacturing
activities, most African countries have resorted to importing the various techno-
logical inputs as packages, with the consequent negative repercussions on
technological development and on the economic progress of Africa as a whole.

The acquisition of packaged technology has four main consequences.

(g) ~Buppliers have monopolistic power since the purchasers cannot obtain
part of these inputs from other sources. Thus the purchaser's relative bargain-
ing power weakens and higher prices are paid. Hurthermore, the import of
packages makes it difficult to evaluate and negotiate the best adaptations to
local‘conditions;. ' :

(h) The package acquired often includes technological components and other
inputs that could be found or produced locally. This reduces the potential "‘demand
for several dcmestic activities - not because these would lack efficiency or
availability, but because of the ties within the imported package; .

(g) The import of a package impedes proper understanding'df'its parts.
It further obstructs the adaptation or improvement of foreign technoliogy, and
thus restrains the development of domestic technelogys

(g) Finally, the essence of a package includes the additional capacity to
combine the different cognitive elements. This faculty constitutes a special
innovative capacity needed to translate different types of knowledge into eco— .
nomically feasible or socially useful processes. It follows that under the '
package deal, an importer lacks the incentive or even the need to develop his
own capacity for combining and applying this knowledge in productive activities.

170. It is clear, then that one of the first steps in the adaptation of techno-
logy is the unpackaging of technology. This may take place in several ways:

'(QJ Breakdown into core and peripheral technologies. The separation of the
technology package from the rest of the project's compenents and the breakdown
of the package into its main technological elements identifies two main types of
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technology or technological service: the core and peripheral technologies of
a product or. process { see table 7). Core technologies. correspond to that body
of knowledge tha* is inherent in, and cpzcific to, a pro, 2ct, product or _
process, This type of technolegy is seen in hasic process designs, gsneral
equipment or product specifications, operation or performance data, prototypes,
pilot plant data, and certain Wypes of engineering designs pertaining to prod- .
ucis or processes. Peripheral technologies covrespond to & body of elements
of knowledge nen-specific to.the manufacturing of a preduct or to a process but
needed for application of the core technologies 1a proeducing goods, service
activities, or even in the generatidn_of further knowledge.. They relate to
engineering services that are not speciiic to a process or product and may be
common to various projects such as calculations in different areas of engineer-
ing: soil, foundations, structures, civil, electrical, mechanical, and others.
They also relate to detailed designs of production equipment based on data
contained in the basic process engineering, which in turn belongs to core
technology;

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

(i) Conception and preparation of a rroject (such as feasibility
studies, evaluation and selection of inputs and suppliers,
bargaining, etc.);

(1i) Construction and start-up of a plant or preject (such as
knowledgs =kout hasic englneering or processes to be used,
about design and detailed engineering,. architectural and
censtructinn engineering, eguipment selection and installation);

(iii) Production (such as basic process technology management;
physical, chemical and mechanical features; internal material
transport systems, guality control, etco);

(g) Breakcewn according to differ.nt units or processes or operations,
which may or may not be included in each of ths aforementioned phases. For
example, an activity like the chemical or metal-working industry might include
unit operations for 8torage, heating, annealing, blending, cooling etc.;

(g}’ Breakdown of intermediate components or components of a product.. In
terms of local production this concept 1 generally described as the "degree of
vertical integration' of a product. For instance, in the assembly of a car there
are: chassis, engine, and within this, valves, generator, distributor, etc.

171. For any projeect, product or component, a cempany or country may choose the
degree of breakdown it considers fersible according to the different phases in
its execution as well as according to the corresponding processes or operations.
The combination of these twu factors and their evaluation eventually determine
which of these phases i: is econorically feasible to perform inside the plant,
which may be carried out or purchased nationally, and which must be acquired
abroad. -

172. The successful unpackaging of technology: first, the act of unpackaging -
or disaggregating projects needs .to be undertaken by gqualified perscnnel, and

the information generated can be utilized by various typss of users. The depth
and degree of the process of disaggregation will depend on the complexity involved
in each level as compared to the capabilities of the users,
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173. The act of synthesis or of combining the segregated elements so as to
undertake a productive activity will cften require more gualified capabilities
than those necessary for the segregation jprocess., This capability of synihesis
can be elevated in a proper innovative activity and constituies a necessary
element for the technological development of a soclety.

174. The immediate consequences of the unpackaging of technology are: improve-
ment of the bargaining power of the user at the time of importing the technology
(1eading to savings in forsign eichange); the generation of engineering services
such as consulting cngineering (selection and breskdown of technologies, feasi-
bility studies, etc.), service engineering and back-up of design details,
selection and supply of equipment, consiruction, supervising technical assistance
in operation, etc.; a gradual regional orientation with respect to handling of
contracts for certain technologies, which will have the important effect of.
greater participation of local equipment and suppliss; the training of the user
in the efficient handling of the technological factor in the productive process,
which means he can begin to assimilate the technological elements; as a consequence
of this last factor, the user may progressively come o know, in depth, the pro-
cess and the purchased product, and will thus be able to understand the essence
of the technology which he uses and which he himself has separated from the rest
of the technological package. :

175. To progress from the independent application of imported technology -to - the
next phase, which is the generation of technology-by adaptation, mcdification or
ereation, requires the development of..the professional groups that will eventually
be in charge of handling the technological facter in their institutions or
manufacturing companies. . These groups can be drawn from applied res€arch _
laboratories, planning and development departments, engineering and productivity
departments, etc. It will also bs necessary to call on specialized techneclogical
development services as coffered by research institutions that would have to
pregress simultaneously in various fields, once the breakdown, assimilation, or
adaptation of the imported technelogies hag started.

5. Development of national policies for sffecting technolegical change 39/

176. A national technology policy should ianclude 2 set of guidelines for action
and criteria for decisions. These should ensure and regulate the constructive -
incorporation of technology inte national planning and development.

177.. The specific objectives of a naticnal technolegy policy are to strengthen
the capacity to select and apply the technological solutions most suitable for
national development, bearing in mind prevailing economic and sccial conditions
in the country; and %o overcome gradually internal and external technological
constraints that affect freedom of decisicon-making in naticonal development.

178, It will be possible to obtain these objectives only.to ﬁhé extent that
sach African country adepts policies at the national level incorporating the
following: i ‘

39/ ‘This section draws extensively on Andean Pact Technology Policiesy op. cit.,
chap. II. : .
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(E) Planming of technoclogical activities, particularly those directly
related to econemic activities; :

(E) Fistablishment of measurses to stimulate the creation of technology
in the country;

(g) Evaluaticn and selection of imported technology;
(g) Incentives for generation of indigenous technology;

(g) Technological information and documentation gervicess

(i) In the field of B and D, the establishment of management procedures
for selecting projecis, monitoring the research process and evaluating results.

(a) Priority areas

(i) 4reas of social interest

179. No national technclogical development effort can encompass the entire range
of medern knowledge. The average standard of living of the vast majority of
Africans, which is currently low compared with other regions of the world,
necessitates selecting and focusing on problems related to netrition, health

and housing. Similar considerations lead to importance being attached to the
effects of technology on employment. Social considerations and employment
problems underline the importance of technological development in relation to

the promotion and improvement of agricultural activities.

(ii) Traditiconal exports

180. Ancther priority task would be the improvement of the competitive standing-
of traditional exports.

(b) Strategy

18l. A technology policy that seeks to attain the above objectives should act
simultaneously on two specific and interdependent fronts, which broadly stated

are the development and commercialization of technology, and the assimilation

and proper managemsnt of technology by potential users. These itwc areas require
the backing of certain auxiliary activities, which complete the different elements
of technology policy. Ameng these the role of information and documentation
services must be stressed.

(g) Institutions 40/

182, To attain all the above policy goals, there is a need to create compre-~
hengive national centres for technology. The precise form of the national eantre
will be determined by each country depending on its development goals and prio-
rities. The primary role of the centre would be +o promoie the technological
developument of the country through such activities as:

40/ See "Interagency Mission on the Lstablishment of an African,Regiéﬁal
Centre for the Transfer, Adaptation and Development of Technology" (E/CN.14/ACTT/1 -
E/CN.14/ECC/122), paras. T6-78.
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(Q) Assisting in the ldentification of technical needs for a variety
of economic activities;

, () Assisting in the acquisition and analysis of need-based information
~on alternative sources of technology from all available sources, domestic and
foreign, and its dissemination among users; ' '

(g) Assisting in the evaluation and selection of technologiés for the
different jobs to be. done, with the emphasis on decision making, this being the
critical stage in the whole process; P

(g) Aséisting in the unpackaging of imported technology, including assess—
ment of its suitability, the direct and indirect costs and the conditions attached;

(e) Assisting in the negotiation of the best possible terms for imported
technelogy, including arrangements for registration, evaluation and approval of
agreements for its transfer;

(£} Promoting and assisting in the absorption and adaptation of oforeign
technology and the generation o. indigenous technology, linked specifically to
design, engineering, research and development;

(5) Prometing. the diffusion of technologies already assimilated, whether
indigenous or foreign, among users.

183, The centre would alsc play a part in the training of the different kinds
of personnel required, not only for its own op~ ations but also progressively
for all those who are involved in the development and transfer of technology.

B. Activities at the nationzal level

184, Since the purpose of improving the national scientirfic and technological
capacity is to accelerate national development, it seems essential to link the
discussion to what are widely accepted as being the major factors upcn which a
country's capacity for over-all development depends, These factors include the
following:

(é) Haman resources, notably the quantity and qualitx of the nation's
labour forces

: (E) Material resources, both in the form of non-renewable natural resources,
such as avallable cultivable land and minerals, and in the form of man-made
resources, such as communications and transport systems, power plants, buildings
and inventories of raw materials and intermediate goods;

(¢) The institutional organization, social attitudes and customs of
society. 41/ Precisely how, therefore, should a developing country proceed in
order to improve its science and technology in recognition of these factors?

41/ A.I. MacBean and V.N. Balasubramanyam, Meeting the Third World
Challenge (London, Macmillan, 1976), p. 45.
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1. Need for planning

185. Economic growth in general, and growth in scientific and technological
capaclty in particular, are subject to the influence of a wide variety of forces,
acting of ten in random and not rarely in opposing directions. When maximum growth
rates are desired, therefore, neither of these processes can be left to itself o
evolve spontanecusly. Instead a purposeful arrangenent of the forces controlling
these processes must be contrived whieh so manipulates the forces that the effectis
they produce are coherent and directed towards desired goals.s This rezlization
constitutes the caae for planning. And so the first and foremost task towards

the improvement of a country's scientifiec and technological capacity must be the
planning of the process by which that improvement is to be achieved,

186. The aim of planning is %o engender advancement by co-ordinated State
policies. Such policies should:

(é) Be based realistically on valid perceptions regarding the mechanism
of advancement which they seek to set in motion;

‘ (Q) Keep‘firmly in view the set of goals towards which advancement is. to
be directed;

(¢) Recognize the set of "initial conditions" from which advancement is
envisaged to proceed.

Consideration will now be given to each of these requirements as they relate.to
the improvement of national scientific and technological capaci ty.

187. With regard to the first of these requireme .tz — the need o0 base pclicies
on valid perceptions regarding the mechanism of advancement - it is unfortunately
true that an understanding of the mechanism by which the scientific and techno—
logical capacity of a developing country can be improved i3 bedevilled by the
difficulty of distinguishing cause from zffect. A country ig not a laboratory

in which test conditions can be controlled and altered at will so as to determine
valid casual relationships. JWhatever ideas one may offer for the improvement of
science and technology in developing countries cannot be entirely free :from this
disclaimer, and all embedy in varying degrees an element of uncertainty - or

evVen erroT. : _ : _ .

188. There are nevertheless some perceptions regarding the growth of science and
technology in developing countries which, in the absence of anything better, pro-
vide a basis for national policies. These perceptions, some of which are also
applicable to development generally, include the following:

(g) 4 self-sustaining and effective development process must be powered
by forces which are essentially indigenous. A4s a tferce for development, the national
scientific and technologicwl ¢apacity, therefors, must be indigenizedy

(E) Development stirategy must be intimately interwoven with the fabric of
society and must show concern for the consequences of development upon society.
This realization should be embodied in any scientific and technology capacity aimed
at devedopment; v ' : 2
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(¢} "Factor proportions" ~ that is, the relative abundances of the factors
of production'(capital, labour and natural resources) - are what distinguish
one economy from another. Accelerated advancement requires utilization of the
least scarce factor, which, in developing countries, is labour, eor natural
resources, or both. This imposes a natural bias on the scientific and techno-

logical capacities of developing nations. 42/ '

189. There still remain the. problems of svolving from the above and other
relevant perceptions to concrete and implementable programmes of acticon, and

of executing them to achieve improvements in the national séientific and techno-
logical capacity itself. These problems constitute a second tier of obstacles,
perhaps more formidable than the first itier mentioned above in connexion with
the present siate of our understanding of the rules governing the growth of
science and technology in a developing nation. One difficulty, Gunnar Myrdal
has observed, is an unwarranted optimism which seems to come naturally to
planners in developing countries, a testimony to this being the fact that
planning there tends to err in the optimistic direction. This leads to dis-
illusionment, which assumes previcus illusions. 43/ This is true of development
planning generally, btut it is especially true of the planning ¢f scientific and
technolegical growth particularly. This and the other problems, however, may be
particularized to specific sectors of scientific and technological growth, It
seems appropriate therefore to return to this subject later while discussing
those sectors, '

190. Concerning the second requirement in the planning of scientific and techno-
logical growth - namely, the need to keep firmly in view the set of goals towards
which that growth is to be directed -~ it is generally recognized that in principle
a couniry is at liberty to choose whatever goals of ‘scientific and technological
growth it pleases. In practice, however, that choice is never entirely un-—
fettered, but is instead limited by a number of factors, both internal and external
in origin, Examples include: '

(g) The co-existence of extremes of poverty and affluence in any society
is a cause for concern for that society. Social inequality is perceived not only
as a breach of social justice but also as an inhibitor of development. One goal
of scientific and technological growth, therefore, cught to be social, but
especially, economic equality;

(b) Although it does ngt seem to be widely accepted that the quest for
equality, apbarently accepted within hations, can be extrapolated to the inter—
national community, global international interdependence is now widely recognized.
Scientific and- technological growth must therefore have as one of its aims _
healthy international co-operation in the spirit of the Declaration and Programme
of Action on the Establishment of a New International Economie Order;

(g) Because over-all development must be powered by indigenous forces
if it 1s fo reach a stage of self-sustenance, science and technology, as two
forces which power development, must be indigenous and their indigenization must
be one of-the goals of scientific and technological growdh;

Fi

42/ C.C. Onyemelukwe, Economic underdevelopment: An Inside View (Ldndon,
Longman, 1974), p. 15. o |

43/ Gunnar Myrdal, The Challenge of World Poverty (New York, Pantheon
Books, 1970), pp. 43-44.
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(g) Available resources, both human and material, are the fuel of
development and wcience and technology the engine of development. - There is
clearly az aeed to im sclentific and technological growth at effective.utiliza-
tion of available rssourees,

191. We may new turn %o the third and last reguirement in planning scientific
and techiclogical growth — the need to recognize the set of initial conditions
from which scientific and technological growth is to proceed. A major pre-
requisite for rational plamning of development generally, and of scientific and
technological growth particularly, is very much improved statistice on the
relevant magni tudes. The lack of such information in many developing countries
of Africa constitutes an obstacle to effective planning. A second and related
problem is that even when accurate information exists, effective use of it is
not always made. To a great extent this is due io the absence of systematic
efferts to collect, poel and disseminate available informaticn. But it is also
due to insufficient appreciation of the value of information generally.

192. Because planning in Africa is aften based on inaccurate data, and not rarely
on intuitive hunches, regarding initial conditions, serious problems soon surface
during plan implementation. These probdlems may have the unfortunate consequence
of persuading the country to abandon what may ctherwise have been a sound growth
strategy., Indeed, one of the causes of the frequent mid~course changes in plans
is the realization that the assumptions made regarding available resources and
prevailing conditions were wrong. And so the systematic and continuous collection
of data on the magnitudses of relevant local factors is an extremely important
national actiwvity, :

2. Development -of human ressurces

193. Doubtless the most important single question in scientific and techno~
logical growth is how to develop and harness human resources towards.scientific
and technological maturity. The importance of this gquestion is of course a
reflection of the _act that man is both the object and the agent of development —
that is, development is zimed at improving his well-being, but that improvement
can only come gbout through his own exertions.. This importance amounts to extreme
urgency ir Africa, where at least &0 per cent. of the population does no wore. than
eke out an existence in abicct condiitions of material deprivation.

194. Paul Hoffman once estimated that "if we took a random sample of 100 new-born
children from the world's low--income nations,.... 40 would be dead before they
reached 6 yeers. Out of the 60 survivors another 40 would suffer from serious
malnutrition with its risks of irreversible physical or mental damage. Only 12
would complete an elementary education and only 3 a secondary education., When
they reached adulthgod, &t least 20 out of the 60 would be unable to find work

or would merely eke out a living with odd jobs'. iﬂ/

195, These figures indicate the extent to which human rescurces are wasted in
developing countries. It also points to the necessity of developing those
resources and utilizing them in order to improve the prevailing cornditions.
Human resources may ve developed in a variety of ways. These include:

A4/ HMacBean and Balasubremanyem, op. cit., p. 31l. e .
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(_) Formal education, beginning with primary education, continuing with
secondary education, and then higher educaticn including colleges, universities
and higher technical institutes;

(b) On-the-iob training, through formal or informal iraining programmes
in employing institutions, adult education programmes and membership in various
political, social, religious and cultural gToups;

‘c) Self-developueént, through correspondence courses, reading and informal
contacts; '

(g) Improevements in the hgalth of the wdrking populationy, through better
medical and public health programmes;

(g) Improvements in nutrition, which increase the working capacity of
people, on a man~hour basis as well as over a working life.

The last two — improvements in health and improvements in nutrltlan ~ are
obviously intimately related. T 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. QQ/

196, If education, both formal and informal, is regarded as a method of develop—
ing human resources for accelerated scientific and technological growth, the
colonial era snded by leaving Africa with an educational system ill-suited to
African needs. That system was elitist, examination-ridden, general, desk-work-
oriented - in short, inconsequential when viewed against the background of Africa's
developmental problems. 4s a result, everywhers in Africa today, educational -
reform is necessary. The following two facets of that reform are worth con51der1ng

(a) Educational reform should seek an equitable distribution of educatlonal
inputs among districts, social groups and the two sexes. The goal of achieving
general literacy for the whole population must be elevated to the highest
significance; '

(E) Educational reform must alsc critically consider what is taught, with
what intenticn, in what spirit, and with what effect - for instance in respect.
of willingness to perform manual work- ' .

197. If we briefly consider each of these two facets in turn, and particularize
them to the developmen: of human resources for scientific and technological growth,
we must first note that literacy, as is widely recognized, is an instrument by
which higher skills - including scientific ahd technological skills — can be
acquired. This is why it is essential both to expand it and to democratlze it

to ensure national growth. Literacy when made available to %o the whole population
has a great multiplier effect on avallable skills. 4nd as "take—off" in develop- .
ment seems to require an initial "big push", the entire population of the country
must participate to the utmost of their powers. Development must be both
indigenized and democratized if there is to be take-off. Development. pioneered-

by a small 8lite, whether local or foreign in origin, cannot set the massive- ball
of growth rolling — because it lacks the requlred blg pushu

F. Harbison and C.A. kyers, Education, Manpower, and Fconcmic Growth
(New York, McGraw Eill, 1964), p. 2.
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198. In ifrica, if a random semple of 100 school-age children is taken, only
about 40 of them can expect to receive primary education; the remaining 60

will never learn to read or write. OCf the 40 who attend primary school, only
about 8 will go on to secondary school; of these 8, only 1 will reash University. ﬂ&/
Thus, of the dinitidl 10G, about 9C receive only primary education or less. In
an environment of near—tntal i1lliteracy among adults, school leavers with only
primary education are likely to be weighed down and to relapse in time intc
illiteracy. This points to ihe great importance of adult literacy campaigns,

a8 a means boih of enabling adults to acquire higher skills and of reinforcing
their children's cducation. 4nd here a negging problem is encountered.
Precisely how can the adult segment of the population e given training in
science and technology, glven that such training requires net only a high degree
of literacy but also the provision of many and costly elements of infrasiructure
suck as teaching rersonnel, laboratories and apparatus? T

199, Cne of the greatest challenges in the expansion and democratization of
education - especially scientific and technological education - is the fact

that in Africa the scientific and technclogical potential of women is rarely
tapped, and when it is, it is often not used effectively. This is & world-wide
problem, of course, but it attains 1its worst propertions in Africa, as can be
seen Irom table 8. The imbalance portrayed by these figures ought to be an issuye
high not only on <he agenda of women's liberation movements but also on the list
of priorities in national‘attempts at educational reform.

200. = Apart from the expansion and democcratization of education, educational
reform must also address itself %0 a second requirement — that of effecting change
in what is taught and how it is taught., The educational system inherited from
the colonial era, as many will concede, was designed primarily to produce
functionaries to serve the imperial machine, with near—-totsl disregard of local
developmental requirements. Consequently, the nations of 4ifrica are faced with
the task of disengaging their curricula from their coleniz” heritage and giving
them a new orientation consonant with local clircusstances and requirements. Yet
precisely what does this new orientation involve?

201. The majority {80 per cent) of African children who attend school at all
(about 40 per cent of all school-age children) never gu beyond primary school.
Some ccuntries, such as the Unst2d Republic of Tanzania, conclude from this that
the education given in primary schools must be complete in itself., Instead of
the primary school activities being geared to the competitive examination which
will select the few (20 per cent) who g0 on to secondary school, they must be

& preparation for the life which the majority of the children will lead. 47/
Foxr 8 out-of -every 10 children, that life will be on a rural farm. Agriculture
must therefore feature Prominently in primary education. Similarly, secondary
schools must not be simply a selection processz for higher education. They .
mist prepare ‘students for life and service in the villages and rural areas,

This principle, of course, also applies to higher education. It provides one
basis for cuyrriculum reform. '

46/ See Education in a Rural Enviromment, op. cit., p. 16.

47/ J.K. Nyerere, Education for Self-reliance (Dar es Salaam, Goﬁernment-
Printer, 1967), p. 15. N
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202. It has been estimated that, in Africa, developmental activities which
are likely to tenefit most from the application of science and technology fall
in the following secters and to the degree Known by the number of countries,
indicated beside each sector, in which such sectors were regarded as most
dependent on science and techrnology:

19 Agriculture- 6 Energy
16 Health 5 Environment
12 Animal breeding 4 Education
1l Water 3 Manpower
10 Miﬁes 2 Construction
8 Industry 1 Post and telecommunications. &Q/

- 8 Communication (including transport)

This provides a second basis for reorienting curriculs in Africa towards
accelerated gcientific and technological growth. Such a reorientation, of
course, would hawve to face up to many obstacles, not the least of which 1s the
ijnertia which has institutionalized the existing curricula.

203. Concerning the other two ways -of developing human resources — improvements
in public health and iarrcvements in nutrition — it is recognized that the
incidence of disease and malnuirition must affect the well-being of a population.
It will also affect their capacity for work, showing up in absenteeism and

lack of stamina. It therefore poses a serious problem. The solution lies

in action in the following three areas:

(g) Popular education — aimed in particular at passing on practical
information on healih and nutrition while people are learning to read and
write. Here t.: mass media can be meitilized and used to great advantage;

: (E) Public health services — which are democratic in nature and stress
prevention over cure while, because of financial constraints, emphasizing
gself-reliance through appropriate sel —help projectis;

: (g) Agriculture - activities asimed at producing greater quantities of
more nutritious varieties of food crops.

3, Development of material resources

204. The preceding paragraphs have dealt ‘with human resources as a specific
area requiring certain inputs aimed at triggering scientific and technological
growth for over-all naticnal development. We will now turn to a second area —
material resources. Material resources include non~-renewable natural resources
( such as available arable land and the minerals underneath) as well as man-made
resources (such as communication and transport systems, and inventories of Taw
materials as well as intermediate goods). Material resources development
involves the following three major activities:

48/ UNESCO document SC/CASTAFRICA/3, chap. III, para. 45.
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(g) Determinatiun of -avzilable material resources ané compilation of
detailed and accurate inventories of such resources;

Lg) Choice and development of the most appropriate means of exploiting
available resources;

(9) Selection of the best ways of using the proceeds from such rescurces
tc promote greater well-being.

205,  With regard to the first task, it has already been pointed ocut that a major
prerequisite for rational development pianning is improved statistics on the
magnitudes of the factors of development, including material resources. Such
information constitutes the s=2t of initial conditions from which development
must proceoed. Now it remains only to indicate ways in which this information

nay be improved with regard to material resources — especially natural resources.
Valvable suggestions on this are contained in the chapter of the african Regional
Plan on natural resources develepment. They include:

(g) Elimination of existing deficiencies in mappings and surveying services
through the development, expsnsion and improvement of national cartographic and
grological services;

(h) Systematic ond comprehensive investigation for minerals aimed at
ldeniifying new mineral=. ~c*imating the quantity, form and commercial value
ofraveilable minerals, and recommending, on the basis of laboratory tests and
piiot processes, further possible developments; '

(g) Preparation of 2 menseral inventory of the proved, probable and
peo3ible reserves of mineral resowrces as well as an estimation of the inferred
Torerves; ' '

(g)' Povelo: 1ent or strengthening - 7 government mactinery for co—ordinating
nntioral policy on mineral ciploraiion; promoting the mineral processing tech-
nigues best suited to tre country's mineral wealth; and draf'ting national mining

logislation, 49/ R

P06, The szcond task in material resources development, the choice and develop-
Toat of aprrepriate means of exploiting available material resources constitutes
pertans one of the greatest challsnges — certainly the most immediate -

to erience and technelogy in the developing naticns of Africa. Precisely

what typec of science and technelogy are hest suited to the development and
oerploitation of the material resources of +these nations? It seems appropriate
to devote o few paragraphs 4o this guestion,

207 There is almost total agreement that developing countries must each develop
indigenous scientific and tecknological capacity. One of the arguments for the
indigenization of science and technology (already presented above) is that
gcoronic take-off requires 2 plg push which no group of foreign experts can
prcvide, because matched against the magnitude of +he inertia involved their -

o

i?/ Africen Hegionsl Plan, op. cit., paras. 54-55,
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efforts are-miniscule. 7That push can result only from a frontal attack through
active participation of the entire lgeal population. The problems attendant
upon the mobiliration of the masses for development will be dealt with below..
The second.argu.sent for the indigeniza.ion cf science anl technology is that
science and technology must be tailored to the country's factors of production — ..
notably, in developing countries, human and material résources. As we have

dealt with human resocurces above, wWe will now turn to the need to select and
develop scientific and technological capacity appropriate to the exploitation

of the country's material resources, espeéially natural resources. As minerals
nave been considered, the main emphasis will be on azriculture.

208, Agriculture is the main activity of 70 to 80 per cent of the population
in Africa, and this confers special importance on land as a resourcé that supporis
agriculture. Because agriculture requires factors which are ‘generally plentiful
in Africa - namely, land and labour - it has naturally come to occupy & central
place in the development strategies of many nations in Africa. How, then, can
science and technology be best applied in agriculture in Africa? Here there

is a special need to consider the problems of low crop yields per unit area,
leading to serious mitritional deficiencies; low yleld rates’of traditional
crops; inefficient agricultural methods which quickly degrade the s0ils . and
copnsiderable crop losses cause. by insects, animals, plant diseases and poor
storage methods, ‘ :

209. Valuable suggestions towards the golution of these pfoblems are contained
in the chapter 3 of the African Regional Plan con food and agriculture. They
include the following:

, (a) Conservation and, improvement of la® already under cultivation as
well as development of new landj

(Q) Water development for irrigationjy - : : ' . e
(g) Gene ic improvement of mair crops and animal:; ' .

(g) Better protection of crops and énimals;
(g) Research, development and use of improved agricultural techniques
for both traditional and new CIoDS;

(i) Better storage and preservation of agricultural products. 50/

210, In agriculture, there is so much scope for the wider application of known
techniques, involving hardly any capital investment, that, in the initial pericd
at any rate, progress can be very rapid. Why, then, has progress in African
agricul ture been slow and uncertain? — '

211, First, there is the fact that agricultural technology in developing countries
has to be labour-intensive, while in developed countries it has become extremely
labour-saving. This implies that in agriculture modern technology camot be taken
over as directly as in industry. Adjusting agricultural technology to factor pro-
portions in developing countries therefore becomes very important. The various
research taske which must be performed in order to adapt modern technology to the
cirecumstances of developing countries, however, raise demands on financial and
personnel resources which cannot be met by the developing countries them=selves ~
certainly not on a scale equal to the needs. This cbstacle represents one of the
strategically most important requirements for foreign aid from the developed  countries.

50/ 1Ibid.; para. 100.
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012, GSecondly, even when agriculfural techniques (such as artificial insemination
of cows, use of fertilizers, andso on are directly applicable, there is still the
fact that millions of peasants must be induaed to use the new techniques.

Inducing them to do that, and getting them o raise their technology from the
present primitive level, reguires an educational effort of gargantuan dimensions.
Thie difficulty is compounded by the fact that it is almost never a question of
learning to do one specific thing in a new way, but of accepting and giving effect
to a whole package of induced changes. For example, irrigation becomes really
effective only in a system of double or triple cropping. In the same way,
fertilizers are largely ineffective without water, while in turn irrigation

does not pay except in conjunction with fertilizers. Likewise, improved seeds
require both water and fertilizers. This rule of "complementary changes'" 1s

valid for all other improvements of agricultural technology: deeper ploughing,
a0il eonservation and improvement of soil structure, green manuring and the use

of natural fertilizers, better weed control, plant protecticn, improved crop
rotaticon, and so on. 51

213, Thirdly, widespread sharecropping and other forms of land tenure are con-
ducive neither to technological change nor to increases in the quantity and quality
of agricultural labour. Land reform aimed at equitable redistribution of land may

be necessary in some African countries. Such reform, when undertaken, should be
carried out in the full realiza*ion that it is likely to meet resistance from the
land-owning class and that, when forced through, it 1is likely to depress agricultural
productivity initially by creating immobilizing uncertainty amcng the land-owning
class who, up to that point, wiil have been the most productive segment of the
population. But there is one requirement which all types of land reform should

meet: it should create a relationship between man and land that does not thwart hls
incentives to work and to invest -~ if nothing else — his own labour. Attempts to
improve agricultural technology and to raise yields will never have significant
results if that relationship is not firmly established and assiduously protected. Qg/

4. Social organization and attitudes

214. The institutional organization of African societies, as well as the atti-
tudes, customs and values of those socicties, constitute a third and final area
for activities aimed at scisntific and technolegical growth - and so also at
economic growth generally. It seems useful to divide these activities into the
following twe broad categories:

{a) Activities aimed at changing the organization of society as well as
the attitudes and customs of that society so as to pave the way for more effedtive
applicsti»» of science and technology towards development:

(E) Activitiez whose aim is to change science and technology - at any rate
certain aspects of their applicatior — in response either to existing social walues
which must be preserved or to some undesirable aspects in soclety which must be
eliminated but which for the time being nevertheless exist and need to be reckoned
with. -

215, For the first group of activities, two strategies seen possibles. The first
aims at changes which can be effected either by simple administrative action or
by legislative enactment. Examples of such changes include:

(g) Desertification cof society in order to ensure more equi table use of
the country's endowments, facilitles and services;

il / ;us"dr:ﬂl, OD. Ci t. ’ L. 99.
52/ Ivid., p. 114.
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(b) Heorganization of govermment to produce a problem-sulving social
system in which decisions are made and carried out at the appropriate lewvel and
in which effective linkages exist between the different levels of government;

(g) Persuasive and reasoned — but firm - prohibition of irrational prattices
(even when sanctioned by tradition) and enactment of others which are rational
and fruitful.

216. All social refurm,; of course, bristles with violient tensions and emotions,

ard inomircé lendersarp, untaluted by suspicions of corruption, favouritism or

bad intentions, would seem to be an essential, though miuimum, requizement 1if
social reform is to be forged by administrative strategy. In any case, this
strategy is best suited to producing changes in soclal corganization. It is near-
powerless againsi sccial attitudes and customs: Changes in these are. best sought
from a second strategy - education - which is considered in the following paragraph.

217. One of the important fruits which science has yielded is the emencipaiion of
men's minds from ancient surerstiticas  in which barbarous practices, irrational
beliefs and 2Dppressive fears are often rooied. Science has also undermined the
intellectual foundations of moral and religious dogmas, weakening in the process
the protective cover +that the hard crust of unreasoned custom provides for the
continuation of sccial injustices. Finally, and more generally, science has
given birth to the gradual development among increasing numbers of a questioning
intellectual temper toward traditional beliefs, a development fregquently accom-
panied by the adeoption in domalne previously closed to systematic critical
thought of logical methods for assessing on the basis of reliable data of observa-—
tion the merits of aliernative assumpticns concerning matters of fact or of
desirable policy. i;/ It is clear from tkis that science edusztion offers the
best strategy for changing social attitudes and customs. This strategy would,

of course, have to face up to the challenges already cutiined in earlier para—
graphs. Such challenges are many and formidable, and they must often seem

almost impossible to selve. But the situaticon in most of Africa is so desperate,
and the need for accelerated growth so urpent, that steady and unremitting
assaults on these challenges nust nevertheless be xnade.

218. We may now turn tc the second group of activities for scientific and
technological growth, the sim of which is to change science and technology -
at any rate certain aspecis of their application — in rcesponse sither to
existing sccial values which must be preserved or to some cultural olements
which are recognized to be undesirable buv which 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 ceriain others which must be
eliminated but which =+%ill persist and hamper direct use of technology from
the developed world is, of course, one basis for the call for activities aimed
at the adaptation of technology from the developed world.

219. There are ihreé strands running through such activities. The first has to

do with values vhich are perceived by the develcping nation as being at the heart
of thé national ethom and, as such, invioclahle. Altheugh these values may ulti-
mately be arbitrary, the decision to preserve them nevertheless imposes certain con-
straints on the application of science and technelogy. This must be tampered by
prognatism, w.ish is the second strand, and entails coming to %erms with harsh real-
ities which may preclude the achievement of some social geals and indeed necessitate
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their review und revision in the light of what is rezlissic.2ly pmssible.
Development is clearly ill-served by dogmatic insistence on unrealizable social
goals which closes all alternative avenues of growth. The third and final -
strand is social peychology. In Africa, development entails a drastic
departure from the familiar past and present, and entrance into an uncertain
future. TFeelings 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 be applied in the developing world.

Ce . Activities at the regional level

-1, Building up and strengthening institutions for science and iechnology
in Africa

220. Because of Africa's late start in industrial development manufacturing industry
suffers disadvantages essentially due to lack of skills (entreprencurial, technical
and labour), the shortage and relatively high cost of capital, limited iniernal markéts
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 preoduction system. Therefore
African countries s+ill have an opportunity to give a new direction to industrial
development in the region through the formulatien and adopticn of an integrated
economic and technological development policy. To achieve the above objective
requires the provision of an adequate institutional framework to guide and nurture
technological development on the continent. Institutions are needed at the regional
and subregional levels to complement the efforts of national institutions in this
direction. World advances in Xnowledge are now so rapid, pervasive and comple ,

that no small country can hope to master all relevant aspects. There are also
scientific 'and technological activities, because of the limitations imposed by

scarce resources, might not be 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 subregional or regional level
would help to overcome such constraints. '

221, Many African countries face similar problems with respect to technological .
development, and the growing interdependence of the African economies, especially
in such areas as food, transport and telecommunications and education, calls

for joint action in tackling these problems. ~ Such action would increase the _
negotiating power of each of the member countries, since they would present a
united front when purchasing foreign technology. 1n view of the vital role of
technology in industrial activities, effective means of acquisition, assimilation,
generation and use constitute an important element in the advancement of both
internal technological capacity and the total development process,

2. Regionel ressarch centres

222. Progress 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 developed
economias,. :

[
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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 sclving the problems of under~development, did not lay proper emphasis

on the vital need for such efforts., Over—dependence on imported technology
restricts the use of certain natural resources, slows down general development

and is an obstacle to the export of mamufactures. This is because research

which led to the development of technology in the developed countries concentrated
on their own problems, which rarcly include the exploitaition of local notannl
resources; indeed, such research is cften directed towards replacing raw
materials imported from fthese regions. Moreover, their efforts are unlikely

to he relevant to solving the problems arising from the combinaztion of factors

of production in developing couniries. Begides, the technclogical dependence of
African countries is likely to discourage exports of manufactures; since in most
cases such exports are possible only where there are differences in type, quallty,
costs and prices, which frequently call for ad hoc research s™ulier.

. 224+ Accordingly, the importance of research for industrial development carnnot
be over—emphasized., It has been fully recognized by the developed countries,
whose governments deliberately use scientific and technological research as a
promotional tool.

225+ It is clear that a number of research centres should be established at both
subregicnal and regional levels to conduct and guide research into some of the
problems of technological development on the continent, and particularly problems
which ignore naticnal boundaries. Research projects in these centres should be
relevant to the needs of the continent, Initially, they could include development
of solar energy, thermochemical energy (fuels and combustion), tidal energy and
wind energy,; metsorology, nutrition, feod processing and preserva“ion, agricultural
mechanization, fisheries, water suvply, irrigation, tropical medicine, and S0 on.

226, The regional research centre or centres would work in co--operation with
national research centres, institutes and universities and interested intermational
~agencies in focusing attention on ths most urgent technological problems in the
region. It or they would be responsible for the co~ordination of gcivntific and
technological rescarch (including promotionsl and financing functions)o Here it

is important to recognize that various methods can be adopted for co-ordinating
research, such as fellowships and grants to individuals; grants for vr:o-wah
projects or programmes; grants to rasearch instituiions; and researcn contracts.

227. 'The regional research centre or centres would also assist in the formulation
of regicnal science and technology policy. While the formulation of policy will
remain primarily in the hands of national science policy bodies and the Regional
Centre for Technology, the research centre or centres can also play a part in

the process by conducting studies and surveys to obtain the necessary background
information.

228, The centre or centres would also help with dissemination of scientific and

technological information by organizing symposiums and scientific and technical
congresses, publishing journals and reports, and providing documentation services

such as abstracts, translations, document reproduction and retrieval.



E/CN 14 /UNCSTD /AFREG /1
Page 64

229, 1In carrying out its tasks the cenire or centres would need to pay particular
atiention to the need to maintain 2 balance batwesn applied réssarch and fundamental
research, and the neced for balanced development of the rogearch networks
Go~ordinated development of the institutions and laboratories constituting the
regional research network is therefors necessary, since the activities of these
establishments are interrelated by virtue of their subject matter and by their
common interest in conmtributing towards the development of the region as a wholce
High priority should be given to coientific activities for which the region _
nas unique research opportunities,; such ag tropical medicine, tropical agriculture,
solar energy, and so onj in this way the region would ne more likely to retain .
its outstanding scientific workers and even to attract soune from other; possibly
mors advanced, countries.

.......

3. Regional patent documentation centre

230, Industrial ventures of all kinds are dependent to a great extent on an
unhampered flow of information from all fields of industrial knowledge and experiences
This flow should include information cn know~how and techrnigues; processes and
equipment as well as legislative and administrative measures. :

231, The industrially advanced countries sustain powerful and costly research
efforts in all branches of science and fechnology to ensure a contimmous output
of new ideas for the benefit of their industries., To ensure rapid transfer of °
research results to economic exploitation, they have devoted more and more attention
to the egtablishment of effective devices for gtoring and evzluating scientific
and technical knowledge and communicating it to industrye The amount of new
knowledge needed by the African countries at this stage of their development is
extremely small compared to the encrmous body of accumulzated knogledge and
experience readily available for use in the developed countries. What is
required, therefore, ig an adequate communication system to link areas in the
process of industrialization to the well establiched and highly developed
technological information network of %he industrialized countries.

232, The main prerequisites for a technical information service are local awareness
of the value of an up~to-date informaticn service, particularly among industrialists,
and an adequate, accessible collection of technical material in the care of an
efficient librariun. '

Patents

231, Patent literature is one of the most valuable information sources of a |

special type. The patent is a juridical certificate establiching the rights of

the inventor or his legal successor to monopoly use of the invention for a specified
term, A patent description includes a pasic description and the typical features

of the new device, produci or chemical compound and .its principal units and components,
as well as an explanation of their functions and interactions; the value of the

patent specification as an information source is based on the fact that, as a

rule, the data contained in it are. unknown to a wide circle of users., An ‘
application for a patent is forwarded before any publication appcars concerning

the invention, and usually pefore industrial application has taken place,

234, Regular study of patent information prevents wasteful effort on
technological problems that have already been solved, znd makes it possible

to proceed, taking intc account the existing solutions and the main tendencies

of technological development, to work on the most recent level of world experience.



E/CN .14 /UNCSTD /AFREG,’1
Page 6 5

235, These considerations make it advisable for Africa to set up as soon as
possible a regional patent documentatiofl centre. Its tasks would be not only to
collect but also to analyse and disseminate scientific and technological
information, Arrangements ghould also.be.made for local services to provide
effective links between users and sources of 1nformat10n, so as to assist in the
identification of information needs and opportunltles, identify and select appro-
priate sources and motivate users and potenﬁial USErte.

236, The centre should act in concert with African governments in promoting

the spread of techmological information by such actions as the abolition of
customs duties and levies on technical books and maegaziness Finally, the centre
should offer support for the mational development of scientific and technological
information by helping interested govermments to set up national information
systems and if possible by subsidizing the cost of productlon and dissemination
of technical literature.

4e The Regional Centre for Technolhgx

237, An Interagency Mission on the Egtablishment of an’African Regional Centre
for the Transfer, Adaptation and Development of Technology was recently organized
by ECA and OAU. In its report, the mission took note of the desire of African
countries for assistance in solving various prebYemsy-incluwding in particular:

(a) The need fcr assistance 1n 1nst1tut10n tuilding for transfer of
technology;

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

(e ) The establishment of information Eystems for more efflClent and rapid
access to techneology;

‘(g) Specialized édvisory assistance in such areas as negotiation and the
legal aspects of transfer of technolongEQ/

238, At a ieeting of Plenipotentiaries held in November 1977 in Kaduna, Nigeria,
the recommendation of the mission that a Regional Centre for Technology should be
established was accepted, and agreement was reached on the constitution, work

" programme and finances of the Regional Centre for Pechnologye The centre would
have as its primary objectives the strengthening of the technological capabilities
of African countries so as to reduce their technological dependence, promotion of
the use of appropriate technology and the formulaiion of technology policies and
plamning as an integral part of national socio-economic developmente The centre
would also aim at imrroving the terms and conditions for the import of technology,

54/ B/CN.14/ACTT/1 - F/CN.14/EC0/122, para. 82.
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orometing an  appreciation of the role 6§jtechnology in national development and
promoting regional co-operation in the field of technology through assistance in
institution building for the transfer ef techmology, the training of skilled
manpower, the establishment of systems for more efficient and rapid access to
seciology and specialized advisory assistance in such areas as negotiation and the
legal aspects of technology transfer, 55/

Y

239 The principles and functions of the eentre as set out in its constitution are
very laudable and are in consonance with the needs of Africa in the appliecation of
gcience and technology. The establishment of the centre comes at an opportune
noment, and it is hoped that African govermments will rally round to make it a

success, The centre will need to be strengthened through adequate and timely
moral and financial support.

240. FYor the effective perfermance of its tasks, the centre will need o
establish linkages with national centres Tor technology, regional research and
development institutions, regional and national sducation and training systems,
and So on. o ' '

Se Reginnal 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 training of manpower is an area in which there can be fruitful
regional and subregional ce~operation in Africae.

242, African countries must realize that the availability of scientific and
technological skills in any society largely depends on physical and intellectual
ckills, the acquired knowledge, know~how and problemwsolving competences of their
peopless It is therefore imperative that approvriate attention should be paid
%0, and adequate action taken in, a priority area of training., Any policy on
manpower training should cnoure primarily, although not exclusively, that a core
of competent middle~level scientific and technological manpower will be available
»Lver Training to provide support services to competent professional staff in the
oroduction of goods and services, '

243, Co-operation in manpower training and development should lead to the estabe
lishment of regional training centres for professional engineers, technologists,
technicians and technical teachers. To start with, the following regional
training centres should be established: :

(g) Ah Institute for Higher Technical Training and Research;

() Multipurpose Colleges of Arts and Technology:

(c) Centres for Mineral Resources Development;

(d) Centres for Marine Seience and Technologye

e e e eeew oy

5/ "Report of the Meeting of Plenipotentiaries on the African Centre for the
Develowment, Transfer and Adaptation of Technology" (E/CN.14/ACTT/12/Rev.l),
ammex, arts. 2 and 3,
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244+ The Regional Centre for Industrial Design and Mamufacturing, whose egtablish—
ment is al: > recommended, is dealt with gseparately belowe The curricula in thess
institutions should be tailored to the neceds of the African countries, and there
should be a co-ordinated and comprehensive programme of laboratory work so that

the students can gain gemuine understanding. of theoretical principles and at the
same time acquire the necessary facility to manipulate equipment, conduct
sxperinents and assess the resultse '

245, Practical professional training should form an important part of the training
at the centress. To make the programme of practical training effective, senior
menmbers of the staff should co—operate with senior personnel in industrye. In
addition full-time training and placement officers at the centres and trainiqg
and education officers in industry should oowordinate and guide th~ tralnsos
to~day activities. In-plant training should be spread over the pericd of the
course in three phases, namely: familiarization with industry and industrial
problems; participation in work in a particular industry; and training in super—
visione. Such training will give a production and design orientation to engineer-
rng studies, and will enable the students to assume professional responsibili-
ties more quickly after ccnpleting thelr courses.

day-

246, Other courses in addition %0 in-plant training can be crganized in co-
operation with industry. Modern technology is changing rapidly, and the technolo-
gical outlook of staff working in industry is liable to become outdated. The
regional centres can usefully organize shori-term refresher courses on locally-
important aspects of technology. '

24T, Another possibility is for the centres to organiwe postegraduate diploma
courses with the co~operation of the industries concerned., This can be done in
co-operation with universities in the region, if the centre lacks physical and.
manpower resourcess Lxamples of such courses could be dock and harbour
engineerin-, heat treatment technology, furnace technclogy, plastics technology,
and so on.

248, Suitably qualified staff members of the centres should be encouraged 1o
work as consultants with industry, and thug become better acquainted with
practical engineering problems. fMhig is an excellent way to keep the level of
teaching high, and to atiract and retain highly qualified staffe.

249, Rural economy and agricultural production play a very important part in

the life of most African countries, employing a large fraction of the population
and contributing a large part of the national incomes The application of science
and technology is required for the effective utilization of natural and human
resources and the imporvement of agricultural methodse The problem here is how to
disseminate scientific and technological knowledge %o the rural areas, and this
requires the training of specialized staff. It requires the establishment of
training institutions, probably 1ocated near rural areas or farming centres, and
offering courses neccssary for indusirial and agricultural occupations in a
particular subregion. The programmnes chould include training in agricultural
extension services, Since agriculture is constanily evelving, those who disseminate
knowledge or provide technical services must have a sound knowledge alsec of the
acientific and technical bases of agricultural practice.
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6o Regional Centre fer Indurtrial Desism apd Manufecturing

250. A particular technology is usually the outcome of activities designed to

solve a production problem at a particular time in response to a defined need and
using available resources and capabilities., The search for new or improved processes
and preducts, commonly referred to as research and development (R and D), is most
often conducted in research laboratories designed specially for this purpose. What= .
ever the ownership of such institutions, the essential recuirement is that the
outcome of R and D activity should be capable of meeting an identified need at

a cost acceptable to those for whose use the technology is intendeds The pattern

of R and D in one country is thus not necessarily wholly coincidental with the
pattern of R and D in another. The paitern of R and D in advanced countries in
general, and even more significantly the trends in that pattern, are only partially
relevant to the needs and resource availabilities of developing countrics,

251, It is therefore necessary for the countries of Africa to undertake R and D
relevant to their physical conditions, cultural background and resource availabili=-
ties, There is consequently a need f-r a Regional Centre for Industrial Design

and Manufacturings The regional centre can help, firstly in promoting the
establishment of facilities for ecducation and training in enginesering (and industrial)
design, now consplcuous by their inadequacy in Africa; secondly, in freeing the
content and orientation of such education and training from the cultural, resource
and economic Barriers built into design concepts and procésses in advanced industrial
societiess and thirdly, in ensuring that education in design is not atrophied

by separation from the challenges and realities of production,

2h2. 1In addition, the centre should include among its rYunctions:

(Q) Engineering and industrial design (including design analysis and
preparation of sketchos, photographs, blueprints, design models ond prototype
designs); :

(:q) Materials testing and research;

(¢) Tool design and production;

(g) Pilot plant design and constructicn;

(e) Standardization and quality conirol;

(f) Time study and cost evaluation;

(g) Ixtension and consulitancy servibes;

(h) Education and training.

253. Thus the centre would be physically a large engineering research and
development laboratory-cum~workshop, and would be expected to assist in setting up
naticnal and sectoral centres. It would need to cowoperate closely with the
Regional Centre for Techmologye. It could provide consultancy services to the
regional and national centres for technology in such matiers as unpackaging of

technology and advising on the pcesibilities of adaptation or of new developments
which can make imports urmeccessary.
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D. Activities at the internmational lsvel
1. Improvement of curremt schemes of intermational co-operabion
in science and technolozy

254, In the developing countries, national efforis towards scientific and
technological self-reliance are often frustrated by harriers whose elimination
raises demsnds far in excess of what the nations themselves, acting severally or
collectively, can possibly musters Therefore, while it may be true that "in
final account, it is only the strengthening and establishment of scientific and
"technological capacity by developing countries themselves, using their own
resources, that may solve the problem of their teclmological development', jé/
in the initial stages of development, assistance from the developed nations is

not only necessary but indispensable.

255, The Declaration and Programme of Action on the Dstablishment of a New
International Economic Order /General Assembly resolution 3201 (S-VI) and

3202 (S—VI)? recognize this fact. Among other things, the Assembly called for
measures designed to eliminate the widening gap between the developed and the
developing countries and ensure steadily accelerating economic and social
development and peace and justice for present and future generations, and
provided a framework for assistance from developed to developing countries.
But it is necessary to be realistic and to bear in mind the sctual motives
behind such assistance.

256. The factors which motivate assistance of the poor by the rich nations
are of course many and varied, Chief among them are:

(z) Morsl obligation. Increasing numbers of people in the developed
nations regard “the problem of the less-developed nations” as “the moral
problem of our time", jj/ The challenge to reduce inequality, already widely
accepted within nations is being exiended to the international community;

(b) Self-interests The greamter part of "aid" takes place under the
incentive of commercial or political gain. Even when i%s terms are "soft",
often it aims,; for example, at subsequent ezports on normal commercial terms.
Capitalist nations must eventually arrive =t a stage where they carmot absorb
211 of the output of their industries., They then require, in order to stave
off a corisis, to extend their markets through the development of colonies which
will absordb the surplus manufactures; 58/

ol T T T

56/ "UNCTAD's programmes in the field of technology end science"
(a2 paper specially prepared by the UNCTAD Transfer of Technology Division
at the request of the Secretary-General of the United Nations Conference
on Science and Technolory for Development), pe 2.

51/ Zbigniew Brzezinski, "A new focus for US foreign policy"”,
Dialogue, vols 6, No. 3 (1973), p. &2.

58/ MacBean and Balasubramanyam; OpeCiltaes De T-Cs
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(c) Worll peace The rich naticns have o gront deal to lose as 2 result of
seriocus wars botween developing couniries, which may laaw thdm into conflict with
each other. 4id is scmetimes givern in order to ward off this spectre. Morcover,
access to literdey, circulation of newspapers; the impact of mass commumications,
increased politicnl participation = 21l of these are mere rapidly trensforming the
way pecple think than cconomic growth is transforming the way they live. The
consequonce 1s o heightened cwareness of glebal incgunlity. 4id to the peor’is
seen tc be necessary if the intensifiel social strife and global animesity, which are
certain to be the results of thet awareness, are to be avoided; 85/ B

(d) Commonn problems. As a result of the global 1ﬂterdgpendence among nations,
there exigt kﬂrthHTQT areas of economic and sceial progress (for exa nple, ; population
control, develcpment and maintenance of non-renewable natural rpsources, 1nternat10nal
division of labour along lines of comparative advantage, joint ventures in deve10p1ng
countries by private firms, and so on) which give scope for co-overation betwee
developed and developing countries;

(g) Interest groups. Pressure groups - such as transnational commercial
firms, church or vanlzatlons and so on =~ may, and often dc, ngitate for aid

? ? ¥ ? (&
PTOgranme Se

257, Two cbservations may be made about these factors, First of ill, nost motives
behind aid have to do with self-interest either directly /factor (ulfor indirectly
[Tfactors ‘g) %o (e)7s & corcliary to this is that, whenever the doncr's intercsts
are at serious variance with those of the recipient couniry, serious conflict may
ensue . ‘

253, Secondly, in practice, the motives for aid Ao not seecm to be especially compel-
ling, either singly .or togcther. The ald contributions nctually made are - with a
few exceptions, such as .Sweden - minigoule (less than 0.5 per cent of the national
income in the casc of the United St.t‘C) Fven moral '*’ﬂ?"’"""ri-cn, which perhaps

cught to be the stronge st.motlvo, scoms €raught with uncertainties. Is there in
practice a likelihcod that rich nations will feel a gtrong obligetion fo assist

the poor nations? The answer %o thisg is not clear = especially since o higl
standard of living is rarely scen as being dependent on having someone poor to
exploit and lock down upona '

259, Bach of these two cbservations has had a far-reaching influence on aid
policies,. -The first has led to the ruitilateralization of aic, whercby ald is
charmelled throvgh multilateral agencleu - notwbly w1th1n, but also outside the

United Nations systems Thig has the consequence of eliminating the tying of aid

to the interests and caprices of the donors. It has the additional merit of

freeing the donors from the problems of how to allocate aid among the developing
countries and, within countrics, as botween various projects and sectors, Advantageous
though it is, this scheme has major, if correctable, drawbacks, First, it tends

P R s

59/ Brezezinski, locscite, 1~ 635
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to breed a bureaucracy which is slow in responding to demands and resistant to -
evaluation and change, BSecondly, a considerable part of the assistance tends to
be abosrbed in overhead costs, producing generally low cost~effectivencss, These
problems point to one area of poseible improvement in m:ltilateral assistance.

260, The second observaticn hzs lel to o shift in emphasis towards aid programmes
designed to strengthen gelf-reliance in the recipient countriess When regarded in
per _capita terms or as a proportion of the total grose national product of the
developing nations, aid is not very significant, It has been estimated to amount

to only about 10 per cent of total domestic capital formaticon in developing
countries.ég/ Nor is foreign aid a sufficient condition for growths Other factors
(eege the general level of skills, managerial capacity, administrative capacity,

law and order, sccial attitudes, etce) are as important as capitals. If they

are absent, capital will be wastode :

261, The shift in the emphasis of assistance programmes towards the strengthening

of self-reliance in the recipient countries is gaining wider and wider accepiance.

Tt has been accepted, for example, by the United Nations Development Programme (UNDP}
the central organization of the United Nations system for financing technical *
co-operation programmes and projects, 'National self-reliance and collective self-
reliance of developing countries in the field of science and technology represent *
the basic future orienmbation of UNDP fechnical co—operatién in this-areaJ"gl/ =~
262. With this shift in emphasis, the need to sclect judicicusly those programmes
which are likely %o result in scientific and techmnological self-reliance becomes
one of utmost importance. Policy planming for science and technology therefore
also becomes a crucial and strategic area of technical co~cperations. But even

when science and technology policy has been 1nid down, there remains the problem

of evelving from the policy programmes of activities which are designed fo achieve
the objectives of that policy.. This is a complex problem and deserves to be
regarded as another areca of technical co-operation. In the future technical
co=operatiorn. mist be so oriented as to give these two ureas their due weighte.

263, Finally, international co-cperation, both bilateral and multilateral, can

be greatly improved through the elimination of specific barriers which gtand in the
way of scientific and technological growth in developing nations. The Genearal
Assembly made a number of suggestions regarding specific action that should be
taken in this regard. Yor example:

"111 efforts should be nades

"(a) To formulate an international code of conduct for the transfer of
technolomy correc;cnling to needs and conlitions prevalent in developing
countries;

60/ MacBean and Balasubramanyam, opeGite, Pe 136

61/ ™NDP contribution to overview paper on science and technology" (a paper
specially written for the United Nations Confercnce on Science and Technology for
Development ), paras 15,

e .
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"(E) To give access on improved terms tc modern technology and to adapt
that technology, as appropriate, to specific zconomicy social and
ecological conditions and varying stages of development in developing
‘countries; -

"(g) To expand significantly the assistance from developed to developing
countries in research and development programmes and in the creation
of suitable indigenous technology;

"{4) To adapt commercial practives governing transfer of technology to the
requirements of the developing countries and $o prevent abuse oﬁ the
rights of sellers;

"(2) To promote intermational co-operation in research and development in

exploration and exploitation, conscrvation and the legitimate utilization
of matural resources and all sources of enersye"62/

2e Eromotion of pegional co~operation

2644 Though the essence of strengthening the technological capacity of developing
countries is contained in action at the national level, mich is to be gained by ‘
co-operation among developing countries in the context of = policy of collective
self-reliance in the field of technologys It is in this respect that subregional
and regiomal centres for applied science and technelogy could have major impact im-
premoting the technological transformation of developing countries, '

255. The idea of establishing in ifrica a network of institutions - each gpecializing
in a branch or brancheg of knowledge related to the exploitation of natural resource s,
she development of technclogy for particular industries, or the solution of spcoific
wwoblems of infrastructural development - has already beeon endorse: by African
states at a number of mectings., The African Regional Floan proposes the establishment
of institutions for the following areas:

(g) Lpplied science and technology; -

() Earth sciences:

(¢) Mineral nreparation and extraction metallurey;

(4) Machine design;

(g) Food technologys

(£) Marine science and technelogye53/

..

I e i1

62/ General Assembly resolution 3202 (S-VI), Chap., IV.

63/ Opscit., paras, 30-31,
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266, Examples of the forms which thesz institutions, viewed as intra~African
co—operation ventures, are reviewed belcw.

26T, A first possible type of scheme is the creation or strengthening of intermational
organizations within Africa set up under international (often intergovernmert.l)
agreements, The main justification for tne establishment of this type of organization
generally lies in the need to share exponsive equipment and to pool scientific
personnel from Africa and elsewherc. In this context, the former East African
Community (comprising Kenya, Uganda and the United Republic of Tanzania) has fre-
quently  been held up as a successful examples Following its recent demise, the
Community may still be held up as good example — this time of how short-term

nationzl interests often tend to work against this type of organizationa

068. A second type of scheme is the establishment of national scientific and
technological institutions with international impact. Bssentially, the aim would be
to enhance the intermational gtatus of; and support for, gelected scientific and
technological institutions in African States. Bxisting African research institutions,
laboratories or units of ipnternational repute could, under this scheme, be selected
to gerve as ruciei of development in their specialized fields. :

269, Finally, a third type of scheme is the development of a purposeful programmne
»f international research orojects, cach of thenm conducted under the guidance of

5 Joint Management Committeoes The casential advantage offered by this scheme is
the great flexibility in starting new (and concluding 0ld) phases of the research
programme, and in associating scientists and/or technologists as full participants
rather than as "contributing outsiders® o6/

270, In conclusion it seems appropriate to draw special attention to two obstacles
to which efforts to promote regional co-operation in Africa should be addressed.
The first of these is the immebilizing lack of resources {notably persomel and
financial provisions)c Thig is aggravated by apathy and lack of will among

member States. The second is institutional instability within African countries
thenselves, and so alsc within the partnerships they forme The frequent changes
in political alliances often mean that previous links must be severed and new OnNCS
established in their places These and other similar problems greatly diminish, at
1enst for the time being, the effectiveness of intra-ifrican co—operationa

e Utilizationﬁpf the existing United Nations system and
Other intgrnational orgenizoations

271, The complexity and scope of develcpment, as well as the pressures of
particular interest groups, have given birth to several multilateral agencies for:
developmente In addition, some gpecialized agencles, originally established for
other purposes, have assumed impcertant development functionse The proliferation

of these agencies has bred o host of new problems, and the need for co-ordination of
their efforts is now greater than ever hefore,

P T B

54/ UNESCO docunent 5C/CASTAFRICA/3, ohaps III, parase 145=1%7«
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272, Some of the disenchantment with aid is due to the fact that it has been at the
same time too fragment:d and too global: dividad and aggregated along the wrong lines.
The fragmentation is a comsequence of the numerous bilateral donors' ald programmes,
each inspired by its own complex blend of motives, objectives and criterias Then
there are the specialized agencies of the United Nations, again pursuing their own
objectives and Jjealously guarding their spheres of .competence. Finally, at the
receiving end, sovereign national governments are usually accepted as the ultimate
authorities for aid requests; often with little regard to regional and subregional
co=~ordination.

273, Because of inadequacies in purely local efforts, however, developing countrics
gtill require international assisinnce - cspecially during the initial stages of
their develcepmente Improvement of the utilization of thc sources of such assistance,
therefore, is a subject of great importance. The most profitable avernme for such
improvement would appear to lie in increased co~ordination all round and a streame
lining of the aid-giving machinerye '

274, In 1977 the United-Fations gystem had nine agencies with budgets for activities
in science and technology — the Unitc? Wations itself, the Food and Agriculture
Organization of the United Nations (FAO), the United Fations Educational, Scientific
and Cultural Organization (UNESCO), the World Health Organizaticn (WHO),. the Universal
Postal Union (UPU), the International Telccommunication Urion (ITU), the World
Intellectual Property Organization (WIPO); the World Mcte€orological Organization
(+100) and the International Atomic Energy agency (IAEA) - although about 80 per

cent of the total expenditure on science and technology invelves only three agencies—
TWESCO  (35.6 per cent), WMO (25.5 per cent) and TAEA (18,7 per cent).gs/ With the
exception of the Unitéd Nations proper, cach of these agencies is either completely
autonomous or at least has its own governing body, separate from the United

TWations Economic and Social Council and the General Assembly. Morcover, the
Administrative Committec on Co~ordinaticn, which is the major co-ordinating body at
the secretariat level. operates on the basis of consensue, withcut strong leadcr—
ghip. Consequently, its decisions tend to represcnt the lowest common denominator.ég/
Against this background, it is not surprising that co-ordination among the. agencies

is weak. There is therefore a great need for some kind of harmonized science and
technology policy for the United Nations systems .

27%, The need for a co-ordinating policy tying together the assistance programues

in developing countries is not, of course, limited to agencics within the United
Nations system. Other international organirzations also need to co-Prdinate their
efforts not only among themselves,; but also with United Hations agencies doing

similar worke It may be assumcd, however, that because of the oxisting administrative
structure - however conplex and diversc - that links them, the activities of the
United Natioms agenciesnare'moré amenable to co-ordinations In any casey they

appear to be the most loglcal starting pointe .

om wo e SR .w EmE

65/ ‘"Draft working paper of the Ad hoc Working Group on Poilcy for Scienco
and Teohnology Within the United Nations System” (paper prepared by the secrclariat
of the Advisory Committee on the Application of Science and Technology to Development,
5 May 1978), para. l4e

66/ Ibides paras 17.
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276 Africa,; which more than most regions needs regionally planned and executed
vrogrammcs, hos in fact least enjoyed the benefits of such programmes, The aid
effort has lended to reinforce the "istorical, geograriiical and political
fragmentation of the continent, and the flucsuations of &id over tlme, its une
reliability, and its volatility ‘in response to political forces have aggravated

the already difficult prcblems of co—-ordination and forward.planningaél/ The
answer may well. lie in strengthening the Economic Commission for Africa sufficiently
to enable it fto plan and sxecute regional development programmes more effectively
and o g larger scale than at present, Thiz will reguire:

(Q) Channelling of. all aid for subregional and regicnal development
projects through ECA, inciuding consuliations with ECA in the planning and sxecution
of such projects; '

() Devising administraiive machinery which would enable ECA 4o discharge
the above funciions with minimum time delays and financial waste;

(¢) SBtrengthening the ECA staff and facilities to eanble it to perform its
new duties. :

277s The following directions of reform in aid are required:

(g) Inclusion of all aid donors in co-operating machinery; the joint
concern ought to be development, and ce-ordination withir. this overriding
aim should be possible:

(k) Commitment of aid several years ahead, thus guaranteeing regularity
and contimity of projects;

(¢) Encouragement of regional and subregional development, which transcends
national boundaries and follows econcmic and ecological lines; and provision of
aid 1o promcte closer integration a»d, if need be, compensate the losers from
integration;

(1) Testing of all forme of financial and technical assistance against the
criterion c¢f whether they contribute tc fuller mobilienfion of indigencus resources.

L

él/ Paul Streeten, 4ld to Africa — A Policy Outline for the 1570's
(Wew York, Pracger, 1972), phe 163-164,)
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VI. FPROGRAMME OF ACTICN

278, Science and technology seem destined to be the prine movers in the hoped-for
progress towarde a new internationsal economic crders However, the crcaiion and
exercise of scientific and technological capability involves many different
approaches and many different instituiions. Hence therce is a need for careful
plamning and cowordination, In addition, the choice of appropriate technologics

is dependent on the conditions previiling in each country and the characteristics

of each economic sector. The choice must also de based on the full utilization cf
national resources. It is in the interests of the werid community as a whole that
the efforts of the African countries to acguire greater scientific and technological
capabilities should be supported, and that the present gaps and distorticns in the
availability of technologiss should be reduced, This chapier contains recommendations
for action at the national, regional ani international lcvels for the proper
application of science and technology to dovelopment in the African regiona

Ao Institution buildine for the offective utilization of scisnce and
technology for development

279, (&) Nasional level

(i) Creation of national structures for policy-making and planning in
science and technology;

(ii) In$roduction of science and technology planning ag an integral part
of nation:zl planning;

(i1i) Establishment or strengthening of naticnal R and D institutions;
(iv) Cyeation of an informed puklic ir science and technology matters;
(v) Organization and mobilization of science and engineering comrunities;
(vi) Establishment of informaticn and documentation services:
() Regicmal level
(£} Sustained support for the African Regionzl Centre for Technology;

(ii) Orgenization of exchange programmes for soiontists and technologists
from African countries;

{iii) Organization of jeint research programmes in co-operation with neigh-
bouring States and other countries with similar or related problems;

(iv) Establishment of regicnal instituticns fer advonced training and
research;

(v) Hstaklishment of subregional and regional informaticn and documenta~
tion centres;

(vi) Regicnal sympesia on industrialisation in Africa and the potential
of scionce and technology as a tcol for socio-economic developments
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(g) International level

hssistance from international organizations in executing the above
programmes at both national and regional levels,

Be Education and troining for the application of -

science and technology to development

280. {(a) Yotional level

(1)

(ii)

(ddi)

(iv)
(v)
(vi)

(vii)
(viii)

(ix)

(x)

Improvement of science teaching in primary and secondary schools
by : :

as Review of objsctives, methods and apprcaches'to science
teaching;

=2
.

Development of relevant course materialg

[[e]

« Development of inexpénsive laboratory equipment;
de Training of science teachers;

Introduction of technologloal education at both primary apd -
secondary level bys: R AN S

» Development of objectives and policies;

o

i

« Development of appropriate course material;

1o

« Establishment of workshops for the teaching of technology;
ds Training of teachers for technological education;

Improvement of the technological content of vocational training
programes;

Stréngthening of applied sciemce prograrnes in existing universities;
Roeview of objectives and policies for university-based researchs;

Review and re-design of university courses in engineering,
medicine and environmental studies; '

Establishment of technologiczl universities;
Planming for natiocnal investment in sclence and technology education;

Determination of fechnological manpower needs in all Sectorg, and
the mix of professional manpower requirements;

Introduction of more women intc science and technology;
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(b) Regional level

(1)

(ii)
(iii)

(iv)

Exchange programmes for students and teachers of science and techno-
ilogy;

Training and fellowship programmes for Africa; .
In-service and in-plant trainihg PrOgTrammes;

Development of miltipurpose colleges of arts and technology;

(¢c) International level

(i)
(ii)

(iii)

(iv)

Training and fellowship programmes in science and technology;

Programmes of technical assistance to African scientific and
technological institutions;
Exchange programmes for students, teachers and research workers;

International consultations and exchanges of ideas and information
on science and technology.

Co Iransfer, adaptation and development of technology in Africa

261, (a) National level

(1)

- (d1)
(i1i)
(iv)

(v)

(vi)

(vii)

Studies of the techmological needs of existing and plarmed national
development activities;

Surveys of sources, coshts and conditions of supply of technology;
Promotion of local consulting expertise and consultancy services;
Promotion of R and D capabilities in local industrial concerns:

Establishment of national centres for the transfer, adaptation and
development of technology;

Establishment or gtrengthening of national information and

Jdocumentation servicess

Establishment of national policies for the import of technology;

() Regional level

(1)

(11)

Establishment and stfengthening of subregional and regional
centres for technelogy;

Preparation of preferential agreements for the development and
transfer of technology;



(ii1)

(iv)

(v)
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Establishnent of subreglonal and regional information and documenta-
tion contres;

Eetaplishment of an African Roglonal Centre for Industrial Design
ard Mamifacturing;

Promotion of suvrcgional and regional indigenous consuliancy and
contracting zssociations;

(¢) International level

(1)

(v)

(vi)

Azglgtance inm the ootablishment of nationel, subreglopal nd
regional centres for technology;

Assistance in the setting up of subregional patent and documentation
cenires;

Control or regulation of restrictive practices by transnational
corporations in connexicn with their cperations in the region;

Establishment of pclicies providing incentives to suppliers of
technology who transfer such technologies to developing countries
on equitable and just terms; ‘

Establishment of & risk capital fund to finance technological
development projects in the developing countrics;

Facilitation of the utilizaticn of transferred technology in such
a manner as tc assist the countries in the regicn 1n attaining their
trade and development objectives.

D, Food and agriculture

282. {a) National level

(1)

(ii)
(ii1)
(iv)
(v)
(vi)

(vii)

.ImprOVbn nt of land already under cultivation, and development of

new land;

Development of wader resources for irrigation;

Genetic improvement of main crops and animals;
Establishnent of centres for producing high-quality seeds;

Establishment of centres for research into the adaptation and
genetic improvement of livestock;

Programme to disseminate knowledge on the improvemeni of poultry
and pigs;

Protection of crops and animal health through the establishment
Or improvement of centres for research intc cereal and tuber
digeases, insect pest control and livestock discases;
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(viii)

(=)
(xi)
(xii)

(xiidi)

(ziv)

(xv)

Research on and development and utiligation of improved agricultural
tochnigques for both traditicn 1 end new crops by

as. Establishnent of programmes for the introduction of appropriate
technologies in farming;

b, Establishment of centres for the development of farm mechanization;

Ce 3%

s
ertilizers:

i
-
L

‘Rasdarch on.and devolopment and application of stock farming and

animal nutrition techniques:
Inprovement of storage and preservation of agricultural products;
Development of fisheries, including the preservation of products;

Development of forestry through appropriate programmes of forest
resources development and conservation;

Establishment and/or strengthening of food technology institutions,
and development of new processed foods from existing agricultural

products;

Education and training of supervisory, extension and other workers
for agriculture;

Bquitable redistrivution of land;

() Regiomal lzvel

(1)
_(ii)

(i:i)

(iv)
()

(vi)

(vii)

(viii)

Eetablishment of subregional blo-climatological centres;
Co=~operation in water development projects for irrigation;

Eetablishment or sirengthening of subregional and regicnal centres
for agroncmic researcns;

Egtablishment or improvement of insect pest control centres;

Establishment of centrcs or programmes for the contrcl of the
major iivestock diseases; :

‘Eetablishment of tsetse fly eradication programpmes;

Research on and development and utilization of improved agricultural
techniques for both traditional and new Crops;

Research on and development =nd application of stock farming and
animal nutrition techniques;



(xi)
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Establishment of centres for marine sclence and technology;

Establishment of research centres for the genetic improveament
of the main tree species; :

Educational and training centres for supervisory, extension a
other werkers in agriculture; '

(g) International level

Assistance in implementing the above programmes at both national and
regional levels,.

E. Housing and urban development

283, (a) Hotionazl level

(i)

(i1)
(iii)
(iv)
(v)
(vi)
{vii)

(viii)

. (ix)

Provision of technological know-how for producing low-cost
housing "hrought

e« Development of better suited designs;

2

bs Development of traditional and new building materials based un
local rescurces; :

e Development of more appropriate methods of constructions

de Establishment of Mational Building Siandards Bureaux for the
standardization of huilding materials and components with
regard to dimensions, composition; quality, performance,
methods of monufacture and testing;

Hesearch projects on local buiidihg materials;

Urban planning and settlement design;

Provision of adequate sewerage and waste disposél systens;
Improvement of domestic water supply:

Provision of adequate urban mass transpert Systems;

Training of manpower for housing and urban deveiopment;
fgcouragement for the formation of indigenous consulting organiza—
ions to help to develcp appropriate technologies in the area of

design and construction ani tc promote the effcctive transfer of

technologies relevent to local needs;

ErOmotion of th?festablishment of small-scale mamufacturing units
for the production cf building materials and components;
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(2) Regional lovel

(i) Bstablishment of training centres for personnel in tropical
architecture, urban planning, building and construction technology;

(1i) Rescarch on and development of local building materials;

(1ii)} Subregional and regional arrangenents for planning, design and con—
struction of housing projects;

(¢) International level

(i} Assistance in implementing the above programmes at both national
and regional levelss

(ii) Exchange programmes in the area of building and construction
technology

(iii)} Encouragement of eff.rts for the development of appropriate techno-
logies in the field of urban development, housing and congtructicne.

Fe Health and sanitation

284. (a) Yational level

(i) Provision of potablc water for human -onsumption, and control of
discases transmitted by woter and food:

(i1) Control of transmissible diseases by: vectcr control; diagnosis and
treatment of diseases; programmes of immunization; programmes for
the control of cercbro—spinal meningitis;

(iii) Improvement of natiornal health plamming and plan evaluation;

(iv) Programme of public health:

e« Health education of the publics

o

to

. Improvement of the health infrastructure;
Ce Improvement of matritional status aﬁd maternal and child care;
de Research on drug safety and drug dependence;
(v) Rescarch on medicinal plants;
(vi) Training of health personnelj;
(2) Begional level
(i) Research centres for medicinal plants and traditiomal drugs;

(11) Control of transmissible diseascs at subregional and regional levels;
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(iii) Joint water development projects for the provision of potable wator;
(2) Internsbional level
(i) Control of communicable and transmissible diseases;

(ii) Training of medical and paramedical personnel;

(iii) Assistance in loplementing programmes at both national and regiocnal
levelg,

Ge Iransport and communications

285, (a) Natiopal level

(i) Improvement and extension of road transpori services throughs
&+ Establishment of national road rescarch institutes;
be Establishment of hational centres for road plamning and design;

Se Improvement of roagd transport services;

e

o Improvement of the organization of road maintenance;

(ii) Development of machinery for the assessment of road transport needs
and the planning of national road transpert systems;

(iii) Strengthening of railway transport through:

as Improvement in the operational.effiriency of existing rail
routes:

be Development of methods to achieve the linking of railway sgystems
of different technical spscifications;

Se Development of improved handling facilities at railway
terminal points;

de Improvement of maintenance services for railway'equipment;

(iv) Development and improvement of inland waterways and maritime
shipping;

(v) Improvement of cfficiency of port operations;
(vi) Improvement and development of air transport facilities;

(vii) Development and improvement of telecommnications networks and
services through;

as Improvement and expansion of national networks;

SR e

P

RS S

11
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Ak b e e ol e

(viii)

(ix)

be Development of technical criteria for the planning of natlonal
telocommunications notworks nd services;

ce Improvement of telecommmnications linke with neighbouring
African countrics;

de Maintenance of telecommmnications networks and equipment;

Training of persomnel in all areas and at all levels of transport
and commmunications;

Introduction of programmcs for standardizing transport oqulpment
and networks;

(b) Regional level

(1)
(ii)

(iii)

(iv)
(v)

(vi)
(vii)
(viii)
(ix)
()
(xi)

(xii)

Development and improvement of regional road networks and gervices;

Development and improvement of subregional and regional -telecommuni=-
cations networks and services;

Developument of methods to achiove the linking of rallway systems

of different technical specifications;

Development of the telecommnicaticns and electronics industry;

Harmonization of the various highway codes, rcad signs and signals
and axle load limits, so as tc permit infrastructures and equipment
to be built in Future in such a way as to render intercountry
transit as easy as possible; :

Development of muliinational iniand waterway and waritime shipping
lines; .

Establishment of subregicnal and regiomal engineering aircraft
maintenance services; .

Establishment of o Subroglonal technical services contre for air
transport; .

Establishment of multinational air lines and the improvement of
air freight and air naill;

Establishment of regional facilities for the training of personnel
in all areas of transport and communications;

Introductlon of programmes for standardizing transport equlpment and
networks

Encouragement of co-operation between neighbouring African countries
in research on and devolopment of means of transport and -G OMImIyLi=—
cations;g
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xiii Organirytiion of subregionzl and regional conforences, seminars
g ' min
' and symposia in transport and communicaitions improvement, research
and development; :

(xiv) Modernization of port statistics and introduction of performance
indicators in African portse;

(zv) Hormonization of port -zdministrative, customs and immigration
formalities and adeption of identical nomenclatures, documentation
and maritime lepmislation by all countriss in the region:

(¢} International level

Asgistance in implementing the above programmes at the national and
regional levels,

He Natural resources

286+ (a) National level

(i) Establishment of a bagis for the inventorying, development planring
and management of the national resources of each African counity;

(i1) Conduct of national surveys of potential sources of and demand for
energy, identifying:

ae conventicnal and non-conventional scurces of energy available
. in cach country and their present utilization:

be The possibility of supplementary supply of energy through
advanced technology;

(iii) Development and ratiomal utilization of natural TS S0UYCES]

(iv) Training of national persomnel to perform the required
specialized services in the development of natural resources;

(v) Establishment of national documentation services to collect
and disseminate information on natural resources;

(vi) Improvement of management in ‘the field of exploration and developmer:
of natural resources;

(vii) Research on and development of mon-conventional sources of energy,
such as sclar encrgy, wind energy and geothermal energys

(b) Regional level

(1) Subregicnal and regional surveys of potential cnergy sourccs and
needs;

(ii) Promotion of regional co~operation in natura} resources researclh,
particularly in the cxploration and utilization of the matural
regources of the continent;
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(iii) Development of research, cducation and technical training in the

domain of natural resources by the esteblishment of subregional
and regional training institutions and research centres;

(iv) Creation and promotion of African multinational companies and
ingtitutions for $he exploration of mineral rescources and the
utilization of energy and water resourcos;

(v) Establ shment of subregional mineral resources development centres;

(vi} BEstablishment of multinational centres for marine science and
technologys

(c) Internationz] level

Promotion of internaticnal co=cperation in the ficld of exploration,
development and utilization of the natural wealth of the continent,.

Follow=-up activities

287» It is vital that the momentum generated by the preparatory activities for the
(ernfavancs on Science and Technolosy for Development should be maintained and that
activities should be continued in the region even after 1979, Appreciaticn of and
reflection on the role and potential of science and technology in development should
be a continuing process, ECA 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 Science 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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Teble 1. Enroluent by level of sducation. inm Africa, 1960 and 1972 (millions)

First oecond Third

Total enrolment . level - level + level Total
1960 19.2 1.9 0.18 T 21,2

15872 37.4 64 0 0. 60 44.0

Source. "HSurvey of economic and soclal conditions in Africa 19?641977

(part I) "/EJcN.14/650( part I)::7, table II-4.

Table 2. 4Annual average growth rates of educatlonal enrolment by developing

region, 126”—19] (per cent)

Frst Seéond Third

level leval level Total
Afrina 5.7 9.8 10.5 6.2
Latin America 5.0 10.5 11.9 6.1
Asia 4.1 5.3 945 445
ATab States T 5.9 10,2 11.06 6.8

Source: "Survey of cconomic and socilal conditions in Africa 1976-1977
(part I)" /E/CN.14/690 {part I) 7, table II-5. . . B



B/CN .14/0NCSTD/AFREG/1
Page A8

Table 3, School enrclment, enrolment ratios, secoendary vocational studiss,
pyramid and pupil/teacher ratics by subregion, around 1972

School enfqlment _ Enrolment ratios
Subregiom  Primary Secondary Tertiary  Primary . Secondary Tertiary
" ( thousands )} i (per ‘cent)
North Africé 10 296 2 990 44640 69 22 €40
West Africa S 8§ 584 977 : 53e4 42 7 T 046
Fastern Africa é/ 8§ 355 &74 36,8 48 T 0.5
Central Africa é/ - 5 576 614 S 26667 7 87 . 120 T L 0T
Southern Africa E/ 365 . 38 ‘ 0.7 86 - 15 045
Propertion of
saoondary stu- - : Pyramid_ratidsqﬂk.".,kv, SR ST
dents in wvoca- §§90ndary/ Tertiary/ - . Pupil/téacher ratios
tional studies Primary Sacondary FPrimary Secondary Tertiary
(per cent) (per cent) (psr cent) (pupils per teacher)
North Africa 15 22 15 3G 24 17
West Africa 9 11 5 35 25 9
Eastérn'ﬁfricahé/ 7 1 4 43 23 R €=
Central Afrioca E/ 17 11 4 46 26 11
Southern ifritca b/ 8" 10 2 42 22 6

Sourcet ”Surveg of economic and social conditions in Africa 1976-1977 (part I)

[E/cN 14650 (part I “table IT=3.

é/ The country coverage dees not correspond to the ECA subregidﬁé-

g/ Botswana, Lesotho and Swaziland only.
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Table 4: Policy-making bodies for science and technology in African countries (May 1973)

™

Multi—
sectoral
T Ministry body for
afSC}egce , co—?rdlﬂ Co~ordinating bodies for scientific resesrch
or minis- Science nating
tersal plan~ sci e Natural Agricui-- hedi- HKu- Indue ~ Trvison
science ning tific sciences fural cal Croar trial mental
» policy body - re— re-. re- reo e re- re-
Country committee general search search search search search search search
' Algeria x&/ %/ x&/
Benin X X X X X
Burundi
Central Afrigan - ) ’ T o
Empire = X ) :
Chad X
Crngo X
Egipt X X X X X X X
Ethiopia Xd/ Xg/ X Xg/ Xg/
Gabon £
Chana XE/ X
Guinea X KE/
Ivory Coast X X Xs/ t
Kenya £/
Lesotho
Liberia | X
Libyan Arab
Janahiriya
* Madagascar X X
Malawi | X
L Mali g/ X X
Mauritania
{lauritius
Morocco X X
Lhper XE/ X X
Nigeria X X X X X X
Rwanda
Senzgal X X
Sierra Leone
Somalia
Sudan . ) Xy XE/ X X X
Togo

Tunisia

&/

o
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Table L: Poliqunakiégibédieé for séiéﬁée”énd {ééhﬁolbéy in African.counffies UWay 1973).

(continued)
L 2 4 5 6 7 8 9
f -

United .-

Republic of -« - | -

Camgroon X x X X o
United =~ R . _ | | | |
Republiq‘of | |

tanzania f/ X x0T

Upper Volta - ‘

| e . e
Zaire X/ X £J gj
Zambia & « ! ) : X

Source: "Science and technology in African development" (UNESCO document SCYCASTRFRiCB/});
table I,

Ministry of Higher Education and Scientific Research.

Provisional.

Govermment Department of Mining and Geology.

Projected,

Situation not altogether clear,

Close relations with the scientific bodies of the East African Community.

There is a National Resources Research Committee which undertakes co-ordination.

TR e e e

National Council for Research

h S

Ministry of Planning covers science poliecy and R and D,

e
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Table 5. Soientific and technicsl potential of institujions in Afriocd -

i

Privicinal discipliries ‘or

Number of African institutions worklng

groups of disciplines

Mundamental sclences

Mathematiocs

Aioric physies and nuclear physios

The gtates of matter

Fhysios (speoialization r.ot determined)
Chemistry (specialization not determined)
Fuclear chemistry

Inorganie chemistry

Orzanic chemistry

Biochemistry, ®iophysiocs, cell-bielogy
Genetiocs

General physiology

Plant blology (botany, taxonomy, atca)
Animal bioclogy (zoology, taxomnomy, etae)
Radiobicrlogy

Other blelegical solences (ecelogy,
conservation, ete

Farth and space sciences

Geocmorphology, geodesy, cartography
Gravity, magneiism

Mineralogy, petrography, ota.

Geology, vulcanocloegy; hydrogeology, gtce
Palaeontology, palaeobotany

Research on internal struoture (seismology,

3t00>
Metecrology, alimatolegy
Hydrelogy:

134
130

122

83
44
75

109

31 0 -

iis
48

in the disciplines indlocated
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Table 5. (cont'a)

Principai.disoiplinéé or - “ mﬁﬁﬁfér of“Afficanmiﬁstitutions workﬁng

groups of disciplines ‘ . in the disciplines indicated
FEarth and space scienceg.lcont'd)

Astronomy, astrophysies T

Oceanography 37

Eydrobiology 37

Othexr disciplines of earth and spaoce sciences 4

Medical sciences

Gereral 177

Fundamental seiences T
Human biology and anthropolegy 36
Contagious diseases and vectors a5
Chemotherapy, antibiotics, antiseptics

mediocal chemistry, pharmacology 61
Nutritioen 54
Water, soil and air hygiene 34
Surgery | 12
Ofther disciplines of medical sciences 46

Food and agricultural sciences

Scoil management 179
Agricultural hydrology 70
Orop producticn 192
Crop protection (general) 183
Crop protectiont agricultural entomology 83
Crop protectiont phytopathology o 61
Forestry and forest produocts ' 60
Animal production and animal produc'tsQ 109
&:-“pal health : 84

Continental fisheries 33
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Table 5. (eoni.nued)

S - .+ Nupber of African institutions working

. . .in Hhe diseiplines indicated
Food and agrioultural soienoesﬂcont'd)
Maritime fisheries 20
Human nutrition and food techncology 66

Lpplication of isotopes as tracers in
agricul ture . 23

Fuel and power

Power (general) - . o , ' .24
Thermochomical enéfgy - 20
Hydroelectric power 14
Fuclear erergy T
Solar energy 14
Electric power transmission 8

Industrial research

General 94
Metallurgyt ferrous metals 13
Metallurgy:s non-ferrous metals 13
Industrial chemical products 16
Textile Iudusiry 1¢

Machaniecal engineering

Blectromechanical engineering

Transport engineering 8
Teleocommunications 10
Applications of automatic devices 10
Building and civil engineering 67
Building materials 5T

Prineipal sciences aprlied in the
tuilding industry 22

Main building techniques 21
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Table 5. (continued)

AR S Number of Afrdicaw institutions working

in the disciplirnes indieated

Economiocs

Social and human sciences

General 46
Geography 36

Sourcet "Scienoe and technoclogy ir African devel opment"
dooument SC/CASTAFRICA/3), para: 62.

(UNESCO
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Table 6. Distributiocn of research worke—s

Mll-time Part—time

gggégggg research Total

‘Furdamenrtal. sciences’ £55 . 1.643 2 298
Earth and space scilenoces 1 410 216 1 629
Medical solences . 583 1318 -1 907
Food and agriocultural solences 2 637 1072 3 709
Fuel and power research 87T . £2 - 149
Industrial ressearch 375 587 962
Eoonomiés;é/_ | T9 18 97
Social and human soiences-é/ 216 126 342
Totals: | 6 048 5 045 11 093

Source: "Science and technoleogy in African developuent"
(UNESCO dcoument SC/CASTAFRICA/3), para. 63

a/ In specifie relation to the sciences ocovered by the survey.
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Table 7. Various phases of a technology projégi

Type of activities

Prases of Cors technologies Peripheral technolcgies
& projeot

Project — Specific knowledge for - Finarncial analynis
preparation techrical and economic teckniques or otters

feasibility studies

— Specific bargaining - Project evaluation criteria
knowledge - Irnformation system as to
technological alternatives
and their sources, and
concerning other irputs

- Data processing ‘techniques

Plant ~ Specific knowledge — Foundation, sell, structural
oonstruction and about basic engineering  engineering, etc.
start-up and about pertinent ' : o
process technology — Design ard detailed enginesring
- Selection, location = - Arakiteotural design and
and co—ordination of engineering
equipment in spaee - Bquipment design
and time
~ Information sysienm cenoerning
— Technical assistance availability and characterisgtios
fer start—up of inputs '

—~ 4bility to read blueprints,
including some knowledge
of foreign language

Productien —~ Basic process technology— Detailed engineering, training in
use of instruments and quality ocontrel
— Fhysical and mechanioal
- I y
properties of materials nventory and supply control
~ Necharieal engineerings

transport, blending, storage systems

Source: Technoliogy Policy and Ecenomic Devel opment (Ottawa,
International Development Research Centre, 1976), table 3,
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Table &, Percentage of wemen amongz tntal numbers of students in the

early 19713

Regisn amd number Natural Science Engineering Medioine All tertiary

of eountries education
Black Afriea {A) 10.8 0.5 19.5 1442
Lrab countries (8) 19 4.6 24,1 17.9
Developad West (21) 2546 3.9 31.5 34.3
Asia (8) 33.1 3.0 38.6 30.5
Central and South

Ameriea (9} A5.A £.8 3746 34.3
Eastern mauntries (8) 52.2 23.2 58,F 4344

Sourset A, Kelly, "Women in physios and physios education" (Trend
Paper Ne. 15 prepared for the International Conference on Physics
Bducatisn, held at the University of Edinburgh from 29 July to 6 August

1775), table 3.

Notet Tigures refer to the years 1969, 1970 or 1971.





