UNITED NATIONS ECONOMIC COMMISSION FOR AFRICA
































INVESTING IN SCIENCE AND TECHNOLOGY IN AFRICA











POLICY ISSUES AND OPTIONS FOR THE 21ST CENTURY

















_____________________________________________











Expert Group Meeting


Nairobi, 5 - 9 May, 1997




















September, 1997








ECA/ FSSD/ST/151


�
Table of Contents


� TOC \o "1-3" �Executive Summary	� GOTOBUTTON _Toc399900411  � PAGEREF _Toc399900411 �ii��


PART ONE: INTRODUCTION	� GOTOBUTTON _Toc399900413  � PAGEREF _Toc399900413 �1��


PART TWO: SCIENCE AND TECHNOLOGY FOR DEVELOPMENT IN AFRICA	� GOTOBUTTON _Toc399900415  � PAGEREF _Toc399900415 �3��


II.1 Historical Background	� GOTOBUTTON _Toc399900416  � PAGEREF _Toc399900416 �3��


II.2 The State of Science and Technology in Africa	� GOTOBUTTON _Toc399900417  � PAGEREF _Toc399900417 �7��


(a) Inputs in Scientific and Technological Activities	� GOTOBUTTON _Toc399900418  � PAGEREF _Toc399900418 �7��


(d) Institutional Resources	� GOTOBUTTON _Toc399900419  � PAGEREF _Toc399900419 �12��


(b) Outputs in Scientific and Technological Activity	� GOTOBUTTON _Toc399900420  � PAGEREF _Toc399900420 �12��


(c) Institutional Co-operation in Science and Technology	� GOTOBUTTON _Toc399900421  � PAGEREF _Toc399900421 �15��


(d) Scientific and Technological Institutions and the Productive Sector	� GOTOBUTTON _Toc399900422  � PAGEREF _Toc399900422 �17��


II.3 Science and Technology in Africa in the Context of Food Security and Sustainable Development	� GOTOBUTTON _Toc399900423  � PAGEREF _Toc399900423 �18��


PART THREE: POLICY ISSUES IN SCIENCE AND TECHNOLOGY IN AFRICA FOR THE 21st CENTURY	� GOTOBUTTON _Toc399900425  � PAGEREF _Toc399900425 �20��


III.1 Introduction	� GOTOBUTTON _Toc399900426  � PAGEREF _Toc399900426 �20��


III.2 S&T Policy Options for African Countries Toward 21st Century	� GOTOBUTTON _Toc399900427  � PAGEREF _Toc399900427 �21��


(a) Establishment of Coherent National S & T Policies	� GOTOBUTTON _Toc399900428  � PAGEREF _Toc399900428 �21��


(b) Application of Available Science and Technology	� GOTOBUTTON _Toc399900429  � PAGEREF _Toc399900429 �23��


(c) Human Resource Development	� GOTOBUTTON _Toc399900430  � PAGEREF _Toc399900430 �24��


(d) Science and Technology Policy within the Context of Sustainable Development	� GOTOBUTTON _Toc399900431  � PAGEREF _Toc399900431 �25��


(e) Sources of S&T Funding	� GOTOBUTTON _Toc399900432  � PAGEREF _Toc399900432 �26��


(f) Creating a Competitive Environment	� GOTOBUTTON _Toc399900433  � PAGEREF _Toc399900433 �32��


(g) Implications of Technology Development	� GOTOBUTTON _Toc399900434  � PAGEREF _Toc399900434 �34��


(h) Administratibe and Institutional Measures:	� GOTOBUTTON _Toc399900435  � PAGEREF _Toc399900435 �36��


(i) Linkages Between Firms and the S&T System	� GOTOBUTTON _Toc399900436  � PAGEREF _Toc399900436 �37��


(j) Impact of Technology on Democratisation and Governance	� GOTOBUTTON _Toc399900437  � PAGEREF _Toc399900437 �40��


(k) The Interaction between S & T Institutions in Africa	� GOTOBUTTON _Toc399900438  � PAGEREF _Toc399900438 �41��


BIBLIOGRAPHY	� GOTOBUTTON _Toc399900439  � PAGEREF _Toc399900439 �45��


�





�
INVESTING IN SCIENCE AND TECHNOLOGY IN AFRICA:


Policy Issues and Options for the 21st  Century





Executive Summary


Since 1993 the ECA has embarked on the restructuring of the intergovernmental machinery followed by a process of sharpening its focus so as to increase its impact and visibility in Member States. It has, thus, been recognised that the ECA must re-conceptualise its programme of activities in science and technology for the medium term in line with the evolving perspectives and in view of declining and uncertain resources.  This changing context and evolving circumstances justify the need for the formulation of a new strategic framework of intervention in the field of science and technology in Africa.





The aim of this report is to discuss the science and technology policy issues and options for the 21st century in Africa.  The main focus of the report is to focus on the perspectives of the ECA Member States.  The report recognises the fact that history, demands, politics and culture differ from country to country.  On this account, the report will eventually seek to take particular consideration of the existing segmentation or grouping of countries by geographical location, size, ideology and the level of development.





The report is organised into three parts.  The first part is concerned with the definitions of the key terms used in the report.  These include definition on what is meant by “science”, “technology”, “research and development”, and “science and technology policy”.





Part Two starts by reviewing the recognised importance of science and technology for development in Africa, giving a brief profile of the continent's  Research and Development (R & D) activities in a world context.  This part argues that the need for science and technology in development is not a new philosophy in the continent as it has been discussed since the advent of colonial rule.  However, appreciable efforts in enhancing the adoption of science and technology emerged in the 1970s, under the initiation of the ECA in organising an inter-governmental committee.  The latest of these attempts is the discussions on the Science and Technology Protocol of the African Economic Community which call forth Member States to adopt science and technology to contribute to the search for solutions towards the continent’s myriad problems.  Part Two also examines the changing situation regarding the development of science and technology in Africa, with the basic aim of identifying the present deficiencies and problems so as to outline the future prospects and requirements.





The report indicates that despite the increasing awareness on the role of science and technology for development, African countries do not invest much in research and development and in the training of the skilled personnel to sustain scientific creativity and technological innovation. Africa has always ranked at the bottom of all geographical areas of the world. Similarly, an observation of the distribution of scientists and engineers engaged in R & D between different fields of study reveals a serious imbalance to the disadvantage of the engineering-based sciences.





At the level of establishing an institutional framework to facilitate transfer of technology from the industrialised countries to Africa, many countries developed modern scientific and technological institutions but failed to establish indigenous scientific base.  As a result, the contribution of the institutions has almost always been below expectations in terms of enhancing the social and economic development.  Nevertheless, steady progress has been made by African countries towards the establishment of national, sub-regional and regional institutions for science and technology.





Since the early 1980s many reports by the Economic Commission for Africa, the World Bank, the World Food Council, the World Food Programme and the Food and Agricultural Organisation have shown a steep and continuing decline in food production per capital and overall agricultural production in Africa.  Many African countries have been turned into the biggest net importers of food, making the African continent the greatest importer of food aid.





There is again an urgent need to analyse Africa’s food security issues in relation to the performance of the region’s agricultural food sector and discuss the constraints to increased food production.  Meeting food production demand in years to come suggests the importance of appropriate policies and approaches.  According to the ECA there are five fundamental conditions to agricultural progress in Africa:





environmentally sustainable;


compatible with population growth rate;


technologically feasible to increase yields to raise output;


economic incentives (quality growth, equity and economic policies); and


based on regional economic co-operation and integration.





These fundamental conditions means that action is required from several fonts, at the same time.  It is on this account that science and technology should play a critical role in enhancing food security, population and environmental sustainability.  Building an endogenous scientific and technological capability has to be taken as the vital focus for Africa’s development and it is particularly germane in coping the food deficit.  This realisation will have to inspire initiatives and actions by ECA member States.





Part Three starts from the realisation that technology, the world and Africa in particular are changing fast, and that policy makers must adapt and adjust to the emergence of a relatively new context.  The aim of this part is to identify the building blocks of change as knowledge, science, innovation and entrepreneurship, operating within an effective inter-governmental machinery, followed by a well-functional national S&T system. Such systems would include institutions in regional, sub-regional and national levels, and the public and private sectors working together to develop, protect, finance and regulate new science and technology.  The overall premise is that a coherent and systematically derived vision would form the major instrument to ensure that science, research and technology contribute to the objectives of African countries and regional institutions.





Some of the characteristics of the new global socio-economic, scientific and technological contexts that are emerging include the increasing globalisation of the economy and of science and technology, the expansion of free market and private economies around the globe and the growing emergence of some developing countries as purveyors of technologies.  In Africa some of the most significant elements of the new situation include the ongoing significant political and economic reforms, the marginal impact of local research and development effort, the difficulty and high cost of international networking and integration of national economies into the world economy, and inadequate endogenous capacity constraining environmentally-sound agro-industrial technology transfer, acquisition and application.  Another significant change in recent years is the entry of South Africa into the mainstream of African development and its tremendous capacity in science and technology and entrepreneurship.





The discussion of policy issues in Part Three has drawn on the experience of the ECA member countries and other developing regions who have grappled with similar issues. The common features are building on existing strengths and restructuring national and regional policies and programmes to support human resources development, education, industrial innovation and academic research and training. However, ultimately it is for individual African countries and relevant institutions to determine the best course of action to meet the many serious challenges and to accept joint responsibility for implementing the required changes. 





Among the S & T policy options considered include:


Among the S & T policy options considered include:


Establishment of coherent national S & T policies in the context of institutional and political change by setting goals and priorities, initiating activities, and monitoring performance and evaluation;


Application of available science and technology so as not to stress simply on research but on issues of application of available technology (investment, transfer, incentives, diffusion, etc.) with relevant research and innovation required in the process of application.  The effectiveness and full benefits of this policy will require existing institutions and structures to become more flexible and responsive to changes in the national, sub-regional, regional and international situations;


Human resource development in recognition of the fact that people are central to any effective system of innovation. While making school and university curriculum more responsive to local needs, special effort must be made to improve the quality of science and technology education and encourage female students to participate  in such courses;


Science and technology policy within the context of sustainable development with the need for regional and sub-regional efforts for the conceptualisation and implementation of the integration process;


Sources of S&T funding. The other sources of revenue that could be tapped to finance S&T activities include Funds from levies; local company's support; private sector support; contract mechanism; fiscal incentives for innovation in the business sector; and other sources of R & D funding such as significant reallocation of the existing government budget for S&T activities, use of tax incentives to promote greater investment by the private sector, use of levies to other sectors of the economy to promote joint technology development for the benefit of all stakeholders in the sector, targeting of some increased share of Official Development Assistance to support innovative technology development and diffusion, and use of patents, industrial property and royalty systems for technologies provided by the R & D institutes;


Creating a competitive environment particularly because many African countries are signatories to URA and are accordingly expected to make a transition towards more open trading situation.  The envisaged liberalisation brings new dimensions to global competition that have both positive and negative effects on developing countries, particularly those in Sub-Saharan Africa.  It can, therefore, be argued that the present global realities make competitive advantage a direct function of technological capability; 


Implications of technology development as they related to Availability and cost of technology, extension of patents to new areas, awareness and understanding of the standards being adopted by the importing countries, and implications of economic reforms.


Administrative and institutional measures to ensure that the global trading arrangements resulting from the new environment are beneficial to Africa.  Some of the measures include adequate capacity in intellectual property matters, exploitation of naturally occurring genetic materials, technology policy, building a strong "Intellectual Property Culture", protection of plant varieties, and capacity to meet the environmental standards adopted by importing countries implementing economic reforms; 


Linkages between firms and the S&T system as there is wide recognition of the importance of universities and other tertiary institutions as sources of promoting technical change and innovation; 


Impact of technology on democratisation and governance. The meaningful participation of citizens in a truly democratic state depends critically on their access to information and their ability to assess and respond to that information. Both can be greatly enhanced by information technology and a suitable communication infrastructure. Such an established infrastructure can also play a major role in public education; and 


The interaction of S&T institutions in Africa out of the realisation that there exist various strong points amongst African S&T institutes such that if they can practise institutional interaction among themselves, and with the productive sector in general, most of the bottle-necks facing industrial development of the region could be minimised.  The aim of the interaction would be to enable each institution to overcome its development problems more rapidly than it could have done solely on the basis of its own resources.  Therefore, the ideal mode of collaboration is to identify the stronghold and areas of research interest in each institute to be the basis for collective self-reliance in research.
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INVESTING IN SCIENCE AND TECHNOLOGY IN AFRICA:


Policy Issues and Options for the 21st  Century





PART ONE


INTRODUCTION


Although this report is not concerned with the thorough identification of definitions of the terms science and technology, it is imperative to formulate some working definitions right from outset.  In this report, the term ‘science’ will be referring to “generalisable and replicable knowledge of nature, usually resulting from basic science performed in, or near, universities, and reproduced in refereed and published papers.” The definition of the term ‘science’ will, thus, not be limited to the natural sciences such as chemistry and physics.  Instead, science will be used to refer to a body of knowledge created through formal processes of research. Scientific method will, therefore, be referring to the exact and systematic way of understanding the world.





On the other hand, the term, ‘technology’ will be referring to the “knowledge of artefacts (products, processes, services) usually resulting from applied research, development and related activities (design, testing, production engineering, quality control) in business firms (and other institutions), and embodied in the production of the artefacts themselves.”  In other words, ‘technology’ will be referring to application of science, with the aim of making a difference to the world around us.�





The implication of these definitions is that science and technology are closely interrelated.  New scientific knowledge may lead to technological development, while a technological need may prompt scientific investigation.�





Research and development (R&D) can be defined as creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of mankind, culture and society and the use of this stock of knowledge to devise new applications. In this definition, R&D includes the performance of science and technology involving the social sciences, medicine, engineering, natural and physical sciences.





Consequently, science and technology policy can be defined as the principles that direct the contribution of generic scientific knowledge and command and control the acquisition, use, adaptation, management and further development of technology with the aim of achieving social and economic development.  The implication is that science and technology policy goes beyond the rhetoric discussion of research and development (R&D).  Science and technology policy is a much wider subject matter incorporating issues such as opportunities and constraints affecting individuals and institutions in the development process.  It also includes the behaviour, forces, challenges and circumstances of such individuals and institutions working in a particular socio-economic environment.�








�
PART TWO


SCIENCE AND TECHNOLOGY FOR DEVELOPMENT IN AFRICA





... Indeed, the wealth, influence and power on the political scene of any nation depends on its capacity and capability to utilise science and technology for socio-economic development.


Federal Government of Nigeria (1986), National Policy on Science and Technology





II.1 Historical Background


The need for science and technology in development is not a new philosophy in Africa.  It had been discussed in various levels of government even before many countries gained political independence in the late 1950s and 1960s.  However, during the colonial period most of the scientific and technological activities were concentrated in agronomic research on export crops (cotton, coffee, cocoa, and palm oil) which were intended to supply the factories of the colonial powers with raw materials from agriculture and forestry.  It was only after the Second World War that food crops became the subject of research programmes.  The other areas of research were medicine and human sciences, with almost no interest in industrial sciences.  In all cases, research programmes were drawn up and effected by expatriate personnel.





It should also be noted that there were no radical changes in the situation during the first decade after political independence in Africa.  Research programmes on new and renewable sources of energy, building materials, the processing of agricultural products, and the adopting of technologies made their appearance only in the late 1960s.





New and appreciable efforts in enhancing the development of science and technology in Africa emerged from the 1970s.  For instance, in 1973, the United Nations Economic Commission for Africa (ECA) organised an Intergovernmental Committee of Experts for Science and Technology for Development (IGCESTD) which advises on science and technology issues for African development.  In 1974 the ECA advocated for an African Regional Plan for Action towards the application of science and technology.  This led to the two Conferences of ministers responsible for the Application of Science and Technology to Development in Africa (CASTAFRICA I and II).





The Dakar Conference of Ministers of January 1974 (CASTAFRICA I) recommended that each country in Africa should have at least a department responsible for formulating and co-ordinating science and technology policies and the related activities.  Since then the ECA has facilitated in the establishment of various regional science and technology bodies, including the African Regional Organisation for Standardisation (ARSO) in Nairobi; the African Institute for Higher Technical Training and Research (AIHTTR( in Nairobi; the African Regional Centre for Technology (ARCT) in Dakar; the African Regional Centre for Engineering, Design and Manufacture (ARCEDEM) in Ibadan; and the African Regional Industrial Property Organisation (ARIPO) in Harare.





The Arusha Conference of Ministers of 1987 (CASTAFRICA II) was based on the ideas that emerged from the review of the achievements of CASTAFRICA I, and came up with a set of 15 recommendations.�  As a result of the CASTAFRICA conferences, many African countries established national policy mechanisms for science and technology.  For example, National Research Councils were set up in Ghana, Mali, Niger, Sudan and Egypt; Ministries for Science and Technology were formed in Senegal, Burkina Faso, Cameroon, Benin, Kenya and Nigeria; Commissions for Science and Technology were created in Ethiopia and Tanzania; and Morocco set up the National Centre for Co-ordinating and Planning Scientific and Technological Research.  In effect, between the CASTAFRICA I (1974) and CASTAFRICA II (1987) the number of African countries with science and technology institutions rose from only four to twenty eight.





Other important deliberations regarding science and technology include the United Nations Conference on Science and Technology for Development (UNCSTD) held in Vienna in 1979, which advocated for the conceptualisation and implementation of explicit national science and technology policies to accelerate the process of social and economic development in Africa.  There is also the Lagos Plan of Action for the Development of Africa (1980-2000) of April 1980; the African Priority Programme for Economic Recovery (1986-1990) of 1985; and the Brazzaville Congress of African Scientist of 1987, which led to the establishment of the Pan African Union of Science and Technology (PUST).  PUST is aimed at enhancing the integration of science and technology in development planning and management.  Similarly, there is the May 1993 Treaty establishing the African Economic Community, with Articles 51 and 52 dealing specifically with science and technology.  The latest attempts to sensitise the role of science and technology in the continent is the holding of annual “Presidential Forums” for the management of science and technology in Africa, under the auspices of the Research and Development Forum for Science-Led Development in Africa (RANDFORUM).  The Presidential Forums held in Gaborone (1993), Maputo (1994), and Kampala (1995) started to crop the interest of Heads of States and Governments in Africa to the centrality of science and technology in the development processes.





Several other events have taken place with the aim of bringing science and technology to bear on the development of African countries.  One of the latest attempts on this front includes the Science and Technology Protocol of the African Economic Community, which calls forth Members States to adopt S&T to contribute to the search for solutions towards the continent’s problems.





The aim of this Protocol is to :





(a) Strengthen scientific and technological capabilities of Member States through programmes aiming at the proper application of science and technology for development in the different sectors;





(b) Promote co-operation among Member States in all aspects of fostering the application of science and technology for the development of African societies, the acquisition and assimilation of environmentally-sound agro-industrial technology and its adaptation to local conditions;





(c) Harmonise intellectual property laws and practices in order to promote the development of science and technology within the Community; and





(d) Strengthen national, sub-regional and regional scientific and technological institutions, including those concerned with intellectual property laws and practices, as well as patent information services.





The most recent initiative, at the continental level, is the establishment of the African Regional Conference on Science and Technology (ARCST) by the ECA.  The ARCST, the only subsidiary of ECA in the area of science and technology, replaced two former committees: the Intergovernmental Committee of Experts on Science and Technology for Development (IGCESTD) and the Technical Advisory Committee on Nuclear Science Technology in Africa (TACNUSTA).  ARCST held its first meeting in November 1995.  The aim of the Conference is to provide an opportunity for high level African policy makers and Ministers responsible for Science and Technology to deliberate on problems for applying science and technology to development at national, sub-regional, regional and international levels.  The terms of reference for the African Regional Conference were spelt out at follows:





To assist the Commission (UNECA) in the definition and periodic review of strategies and programmes for the development and application of science and technology, including nuclear science and technology, in the African region;


To examine and advise the Executive Secretary (of UNECA) on specific issues bearing on the implementation of such strategies;


In general, to actively pursue the promotion of science and technology and the formulation of measures to ensure their application to national, sub-regional and regional development;


To give special consideration in its activities to the needs of the least developed member States, and to the application and impact of new and emerging technologies; and


To advice the Executive Secretary on ways and means of mobilising resources of all kinds for the implementation of strategies, programmes and projects for the development and application of science and technology within the region.





II.2 The State of Science and Technology in Africa 


This section examines the changing situation regarding the development of science and technology in Africa, with the basic aim of identifying the present deficiencies and problems so as to outline the future prospects and requirements.


(a) Inputs in Scientific and Technological Activities


Expenditures in Research and Development


Despite the increasing awareness on the role of science and technology for development, African countries do not invest much in research and development and in the training of the skilled personnel to sustain scientific creativity and technological innovation.  Table 1 shows that Africa has always ranked at the bottom of all geographical areas of the world.


�
Table 1: Distribution of World's Research and Development Expenditure	


Year


Region�
1980�
1985�
1990�
�
Africa1�
0.3�
0.2�
0.2�
�
Latin America�
1.8�
1.1�
0.6�
�
Asia1�
14.8�
16.2�
19.5�
�
Arab States�
0.5�
1.3�
0.7�
�
Oceania�
0.9�
0.8�
0.7�
�
Europe�
34.0�
24.1�
23.2�
�
North America�
32.1�
42.6�
42.8�
�
USSR�
15.6�
13.7�
12.3�
�
World�
100.0�
100.0�
100.0�
�
1 Excluding Arab states


Source: UNESCO, Statistical Yearbook (various issues)





Similarly Table 2 shows that many countries in Africa spend less than the recommended rate of 1.0% of her GNP on research and development, compared to an average of 2.23% in the developed world.





Table 2: R & D Expenditure as Percentage of Gross National Income in Selected African Countries


Country (Year)�
R & D Expenditure/GNP�
�
	Benin (1989)�
0.7�
�
	Burundi (1989)�
0.3�
�
	Central African Republic (1990)�
0.2�
�
	Congo (1984)�
0.0�
�
	Egypt (1991)�
1.0�
�
	Gabon (1987)�
0.0�
�
	Guinea (1984)�
...�
�
	Libya (1980)�
0.2�
�
	Madagascar (1989)�
0.5�
�
	Mauritius (1992)�
0.4�
�
	Nigeria (1987)�
0.1�
�
	Rwanda (1985)�
0.5�
�
	Senegal (1981)�
...�
�
	Seychelles (1983)�
1.3�
�
	South Africa (1991)�
1.0�
�
	Tunisia (1992)�
0.3�
�
Source: UNESCO, Statistical Yearbook (various issues)





Education and Training


Many countries in Africa have realised that it is the availability of adequate human potential which is the basis for any progress in science and technology.  Table 3 shows that many countries have devoted high levels of their resources in education.  The overall expenditures in education have been on the increase in most countries, except in those affected by various economic crisis.  It should also be mentioned that (not presented in the table) the expenditure in education has been growing much faster in higher education.  Unfortunately, in most countries only a minority of the graduates from the institutes of higher learning are from areas of science and technology (natural sciences, engineering, medicine and agricultural sciences).





Table 3: Total Education Expenditure in Selected African Countries		


Country�
As % of GNP�
As % of Total Government Expenditure�
�
�
1975�
1980�
1983�
1975�
1980�
1983�
�
Botswana�
8.7�
7.4�
7.0�
18.8�
16.0�
18.5�
�
Cameroon�
3.9�
3.3�
3.7�
21.3�
20.3�
17.2�
�
Egypt�
5.0�
4.5�
4.1�
 ...�
9.4�
8.9�
�
Ethiopia�
3.3�
2.9�
4.1�
13.4�
9.3�
11.3�
�
Kenya�
6.3�
6.9�
4.8�
19.4�
18.1�
15.3�
�
Malawi�
2.5�
3.2�
2.5�
9.6�
 ...�
8.5�
�
Morocco�
4.8�
6.1�
7.5�
14.3�
18.5�
22.0�
�
Mauritius�
3.6�
5.3�
4.0�
9.6�
11.6�
10.3�
�
Nigeria�
4.3�
...�
2.1�
16.5�
 ...�
9.3�
�
Uganda�
2.5�
0.7�
1.8�
17.0�
11.3�
 ...�
�
Rwanda�
2.3�
2.7�
3.1�
25.3�
21.6�
24.0�
�
Seychelles�
4.4�
5.8�
9.0�
 9.5�
14.4�
21.1�
�
Somalia�
2.0�
1.8�
2.3�
12.5�
8.7�
6.3�
�
Tanzania�
5.4�
5.4�
5.8�
17.8�
14.3�
15.3�
�
Togo�
3.5�
5.6�
5.9�
15.2�
19.4�
20.8�
�
Zambia�
6.7�
4.6�
5.6�
11.9�
 7.�
11.3�
�
Source: UNESCO (1987), CASTAFRICA II. Science, Technology and Endogenous Development in Africa: Trends, Problems and Prospects. SC-87/CASTAFRICA II/3. Table 3.





 Human Resources for Scientific and Technological Activities


One of the recommendations of CASTAFRICA I (1974) was that African countries should take the necessary measures to attain, if possible before 1980 the targets set out in the table below:�



Level of Economic Development (per capita GDP US$)	�
Number of Scientists and Engineers


�
�
�
Per million inhabitants�
Engaged in R & D per million inhabitants�
�
Over 200�
2,000�
200�
�
100 - 200�
1,400�
140�
�
Under 100�
1,000�
100�
�



However, by the time CASTAFRICA II was being held (1987), only six African countries (Algeria, Egypt, Libya, Rwanda, Seychelles and Sierra Leone) had reached or exceeded these targets.  But, even in all these countries (except Sierra Leone) the percentage of the scientific personnel engaged in research and development (R & D) was lower than 5 per cent.  At the same time, only Algeria, Cape Verde and Morocco had reached or exceeded the desirable level of two technicians to every researcher engaged in R & D.





Table 4: Personnel Engaged in R & D Per Million Inhabitants


�
Scientisits and Engineers�
Technicians�
Number of Technicians per Scientist or Engineer�
�
Benin (1989)�
177�
54�
0.3�
�
Burundi (1989)�
32�
31�
1.0�
�
Central African Republic (1990)�
55�
31�
0.6�
�
Congo (1984)�
461�
788�
1.7�
�
Egypt (1991)�
458�
340�
0.7�
�
Gabon (1987)�
189�
17�
0.1�
�
Guinea (1984)�
264�
126�
0.5�
�
Libya (1980)�
361�
493�
1.4�
�
Madagascar (1989)�
22�
79�
3.6�
�
Mauritius (1992)�
361�
158�
0.4�
�
Nigeria (1987)�
15�
69�
4.5�
�
Rwanda (1985)�
12�
11�
0.9�
�
Senegal (1981)�
342�
467�
1.4�
�
Seychelles (1983)�
281�
94�
0.3�
�
South Africa (1991)�
319�
132�
0.4�
�
Tunisia (1992)�
388�
71�
0.2�
�
Source: UNESCO, Statistical Yearbook (various issues)





Similarly, an observation of the distribution of scientists and engineers engaged in R & D between different fields of study reveals a serious imbalance to the disadvantage of the engineering-based sciences (see Table 5).





Table 5: Distribution of Scientists and Engineers Employed in R & D Activities by Field of Study (in percentage)


Country�
Year�
Natural Sciences�
Engineering and Technology�
Medical Sciences�
Agricultural Sciences�
Social Sciences and Humanities�
Other fields�
�
Burundi�
1989�
28.8�
8.8�
1.8�
4.4�
12.9�
3.5�
�
Central Africa�
1975�
46.1�
11.8�
---�
5.3�
36.8�
---�
�
Congo�
1984�
16.8�
7.9�
5.8�
33.1�
28.4�
8.0�
�
Cote d' Ivoire�
1982�
44.2�
18.2�
2.0�
12.3�
23.5�
---�
�
Egypt�
1991�
16.9�
15.5�
23.0�
17.5�
27.1�
---�
�
Kenya�
1975�
27.4�
7.8�
4.4�
50.7�
9.7�
---�
�
Libya�
1980�
20.9�
18.0�
11.8�
20.1�
29.2�
---�
�
Malawi�
1977�
29.6�
10.6�
1.0�
37.6�
21.2�
---�
�
Mauritius�
1989�
5.1�
21.3�
4.5�
55.6�
13.5�
---�
�
Sudan�
1978�
15.7�
21.0�
6.8�
17.1�
37.3�
2.1�
�
Togo�
1976�
16.9�
11.1�
12.3�
6.1�
53.6�
---�
�
Zambia�
1976�
33.2�
44.8�
4.0�
8.4�
9.6�
---�
�
Source: UNESCO, Statistical Yearbook (various issues)





The imbalance in the distribution of scientists and engineers appears again when considered by the sectors of activity, as shown in Table 6.  Higher education and the general service sector (ministries, public bodies and institutions) absorb most scientists and engineers.





Table 6: Distribution of Personnel Engaged in R & D Activities by Sector of Performance (in percentage)


Country*�
Productive Sector�
Higher Education�
General Services�
�
Central African Republic�
15.2�
12.9�
71.9�
�
Congo�
76.4�
22.5�
0.2�
�
Cote d'Ivoire�
41.8�
35.7�
22.5�
�
Egypt�
36.8�
46.9�
16.3�
�
Kenya�
72.8�
27.2�
---�
�
Libya�
18.2�
72.7�
9.1�
�
Malawi�
85.2�
11.4�
3.5�
�
Mauritius�
6.0�
10.7�
83.3�
�
Senegal�
46.4�
20.7�
32.9�
�
Sudan�
43.9�
16.0�
40.1�
�
Togo�
---�
41.3�
58.7�
�
Zambia�
48.4�
10.3�
31.3�
�
Note: * Years as in Table 5, above.


Source: UNESCO (1987), CASTAFRICA II. Science, Technology and Endogenous Development in Africa: Trends, Problems and Prospects. SC-87/CASTAFRICA II/3. Table 7.


(d) Institutional Resources


The awareness of the importance of science and technology for development has been seen as synonymous to the establishment of institutional framework to facilitate transfer of technology from the industrialised countries to Africa.  Many countries in Africa developed modern scientific and technological institutions but failed to establish indigenous scientific base.  As a result, the contribution of the institutions has almost always been below expectations in terms of enhancing the social and economic development.  This has forced African countries to rely on the importation of turn-key industrial projects that are often badly managed.





Nevertheless, steady progress has been made by African countries towards the establishment of national, sub-regional and regional institutions for science and technology.  Institutional development has mainly benefited agricultural research and social and economic investigations.  Capacities in the engineering and technological sciences in most countries have changed little.  Worse still, very little has been done to support scientific and technological regional institutes which provide for research and an interface between research and the practical application of its findings.





In most African countries, the broadening of the institutional base has tended to weaken the system as a whole instead of strengthening national science and technology capabilities, since new institutions have seldom been established on a planned basis with due attention to existing structures and medium- and long-term requirements.  The increasing number of institutions has, therefore, often led to the dispersal of scarce resources among projects and programmes with similar objectives.  As a result, a widespread lack of effectiveness is to be observed.





(b) Outputs in Scientific and Technological Activity


Patents


Table 7 shows the number of patents applied, granted and those in force.  Table 8 give similar data, for selected countries in Africa, and is specified years.  Several observations can be deduced from these data.  First, the output of science and technology, in terms of patents granted is quite low in most countries in Africa.  Secondly, many counties have lower annual average number of patents granted recently than during the historic period.  Third, though not explicit in the table, most of the patents are granted to multinational companies, thus not representing scientific and technological activities carried out on the continent.  Moreover, for instance, a report from the Kenya’s National Council for Science and Technology has shown that even those patents granted to residents, could belong to subsidiaries of multinational companies.





Table 7: World Patents, 1990 - 1993


Continent�
Application for Patents�
Grants of Patents�
Patents in Force�
�
Africa�
116,637�
30,510�
48,976�
�
North America�
950,435�
458,565�
4,869,782�
�
South America�
72,133�
22,555�
29,645�
�
Asia�
1,873,722�
369,448�
2,734,941�
�
Europe�
3,711,652�
1,147,701�
4,432,086�
�
Oceania�
140,173�
63,898�
2475,240�
�
Former USSR�
153,977�
85,873�
16,325�
�
TOTAL�
7,018,729�
2,178,550�
12,406,995�
�
Source: World Intellectual Property Organisation, Geneva.





�
Table 8: Patents in Selected African Countries, 1990-1993


Country�
Application for Patents�
Grants of Patents�
Patents in Force�
�
�
1990�
1991�
1992�
1993�
1990�
1991�
1992�
1993�
1990�
1991�
1992�
1993�
�
Algeria�
185�
139�
144�
121�
592�
617�
83�
-�
-�
-�
-�
-�
�
Angola�
-�
-�
6�
-�
-�
-�
-�
-�
-�
-�
-�
-�
�
Botswana�
45�
68�
89�
107�
29�
39�
29�
42�
-�
-�
-�
-�
�
Burundi�
3�
-�
2�
1�
2�
-�
2�
-�
129�
129�
14�
15�
�
Egypt�
789�
787�
818�
831�
306�
403�
290�
341�
-�
-�
-�
-�
�
Gambia�
40�
62�
81�
98�
25�
35�
26�
34�
-�
-�
-�
-�
�
Ghana�
62�
87�
101�
158�
45�
37�
24�
31�
176�
-�
-�
-�
�
Kenya�
68�
131�
110�
175�
38�
47�
58�
54�
-�
1777�
-�
-�
�
Lesotho�
35�
59�
82�
97�
23�
29�
25�
34�
-�
-�
-�
-�
�
Liberia�
-�
17�
-�
35�
-�
17�
-�
30�
-�
490�
-�
-�
�
Libya�
57�
47�
-�
36�
-�
-�
-�
-�
-�
-�
-�
-�
�
Madagascar�
3144�
4343�
5880�
8350�
-�
-�
-�
-�
-�
-�
-�
-�
�
Malawi�
3204�
4402�
5947�
8443�
62�
74�
57�
50�
288�
350�
383�
387�
�
Mauritius�
4�
10�
12�
6�
13�
11�
9�
4�
212�
142�
120�
119�
�
Morocco�
329�
356�
-�
298�
311�
303�
372�
352�
6623�
-�
6593�
6614�
�
Namibia�
163�
133�
-�
133�
139�
124�
-�
102�
1082�
1151�
-�
-�
�
Nigeria�
258�
-�
-�
-�
170�
-�
-�
-�
-�
-�
-�
-�
�
Rwanda�
4�
1�
2�
-�
4�
1�
2�
-�
81�
82�
69�
-�
�
South Africa�
10469�
10202�
10128�
9807�
5465�
5885�
6125�
5096�
-�
-�
-�
-�
�
Sudan�
3202�
4411�
5986�
8473�
36�
37�
56�
34�
-�
-�
-�
-�
�
Swaziland�
33�
60�
126�
98�
21�
28�
70�
33�
-�
-�
-�
-�
�
Tunisia�
160�
128�
-�
142�
522�
180�
-�
138�
4461�
4090�
-�
1788�
�
Uganda�
59�
74�
96�
104�
41�
42�
42�
38�
1675�
1679�
-�
-�
�
Zambia�
105�
120�
161�
173�
93�
73�
48�
76�
903�
878�
892�
925�
�
Zimbabwe�
260�
270�
302�
293�
174�
222�
194�
194�
-�
1549�
1616�
1494�
�
Source: World Intellectual Property Organisation, Geneva.





�
Publications


The production of scientific literature represents, potentially, another useful indicator of scientific and technological activity.  Data on scientific papers published is however scarce, and particularly so for African countries.  Table 9 presents data on some African countries.





Table 9: Scientific Book Publications of Global and Selected African Countries, 1991 -1993


Continent/Country�
Applied Sciences�
Pure Sciences�
�
World Total�
1033049�
554633�
�
North America�
2420�
3298�
�
South America�
5552�
5073�
�
Asia�
295328�
130660�
�
Europe�
706962�
389742�
�
Africa�
22787�
25860�
�
	Benin	�
109�
24�
�
	Egypt�
7488�
15395�
�
	Eritrea�
13�
93�
�
	Ethiopia�
129�
22�
�
	Gambia�
3�
-�
�
	Kenya�
69�
21�
�
	Madagascar�
124�
26�
�
	Mauritius�
28�
35�
�
	South Africa�
14757�
10228�
�
	Tunisia�
17�
16�
�
	Zaire�
50�
-�
�



(c) Institutional Co-operation in Science and Technology


After more than three decades since most African countries attained independence, few African countries are, as yet, within striking distance of self-sustaining growth and economic independence.  It is now generally accepted that excessive external dependence and smallness of economies impose a major constraint to national capacity to take effective political decisions directed towards agricultural transformation and dynamic industrialisation.  This is the raison d'etre for multinational economic co-operation and collective self-reliance.





The realisation for regional collaboration in scientific and technological research and application has been prompted by various reasons.  First, the magnitudes of investment required in science and technology to sustain a modern state are so large that they will for a long time be beyond the means of many African countries acting alone.  There is, therefore, the need to encourage the promotion of collective self-reliance through the pooling of scientific and technological potential of countries with limited resources.





Secondly, much of the effort in science and technology required in African countries cover similar problems and issues.  Hence, there are many opportunities through regional co-operation, to spread the load of investment necessary to provide an adequate infrastructure of institutions and programmes to support effective utilisation of science and technology for development.





Thirdly, there are many problems involving the use of science and technology in Africa which can only be adequately dealt with on a regional basis because of their nature of extent, for example, the eradication of insect pests, control or eradication of disease carriers, or the exploitation of large rivers and lakes.  This also helps in avoiding duplication of certain major programmes which would be too much for one country alone to undertake due to the huge costs involved.





The will for scientific and technological co-operation exists and has been demonstrated at all inter-governmental sub-regional and regional meetings.  These include the participation in regional conferences and symposia on science and technology topics, problems and issues; the establishment of regional science and technology institutions; and other forms of regional co-operation (exchange of scientists and technologists between universities, and public institutions in different countries; creation of regional professional associations of scientists and technologists in different subject fields; implementation of joint projects in the exploitation of common networks; and presentation of a common front with co-ordinated policies and strategies, at international negotiations).





However, despite the existence of the above efforts, the regional and sub-regional institutions have encountered several impediments.  The main problems encountered are:


(i) Unsustained political support during the operation stage (lack of adequate financial support through non-payment or infrequent payment of membership dues);


(ii) Host government failure to provide all the necessary physical facilities and support which are normally pledged when bidding to host the institutions;


(iii) Declining support by some Member States due to:


	- siting of the headquarters of institutions


	- dissatisfaction with the filling of senior positions;


(iv) Mushrooming of a multitude of regional co-operative institutions and organisations and their attendant financial implications; and


(v) Social prejudice against the utilisation of the services and expertise provided by Africa's own regional institutes in favour of services traditionally provided by organisations based in the developed world.





(d) Scientific and Technological Institutions and the Productive Sector


The experience of the industrialised countries has shown that there is an inseparable linkage between institutions set up to exploit the potential of science and technology and industry.  The development of institutions for generating technical change in agriculture and industry was not based on replicating "wholesale" models from other countries, but on choosing , adapting and modifying the systems to fit in the existing local environments.





But unfortunately, this does not seem to be the case in many countries in Africa.  The scientific and technological institutions in Africa are typically disconnected from the productive sector.  The lack of contact has been explained by historical factors.  In the first instance, most African countries inherited a skewed education system which was only aimed at producing technocrats and bureaucrats to service the administrative set-up of the colonial governments.  The education system, thus, never incorporated the practical orientation needed to make scientists and engineers relevant to the needs of the indigenous agricultural and industrial sectors.





Secondly, as African countries became independent, many new governments saw industrialisation as an indispensable strategy to accelerate economic change and development and reduce dependence on the developed world.  Most African countries followed the import-substitution industrialisation strategy with the objective of locally producing finished consumer goods to compete and displace expensive imports.  This industrialisation strategy necessitated heavy importation of machinery, equipment and high level management and technical personnel.  There was no urge for local entrepreneurs to look for local inputs and there was no thirst to build capacity for experts.





Many studies of technology policies in various industrial countries have shown that research institutions have played an important role in facilitating technological development.  African countries, therefore, need to find the improved means of increasing the flow of technology from the universities and other research institutions to the industrial sector.





II.3 Science and Technology in Africa in the Context of Food Security and Sustainable Development





Since the early 1980s many reports by the Economic Commission for Africa, the World Bank, the World Food Council, the World Food Programme and the Food and Agricultural Organisation have shown a steep and continuing decline in food production per capital and overall agricultural production in Africa.  Many African countries have been turned into the biggest net importers of food, making the African continent the greatest importer of food aid.





There is again an urgent need to analyse Africa’s food security issues in relation to the performance of the region’s agricultural food sector and discuss the contraints to increased food production.  Meeting food production demand in years to come suggests the importance of appropriate policies and approaches.  According to the ECA there are five fundamental conditions to agricultural progress in Africa:


environmentally sustainable;


compatible with population growth rate;


technologically feasible to increase yileds to raise output;


economic incentives (quality growth, equity and economic policies); and


based on regional economic co-operation and integration.








These fundamental conditions means that action is required from several fonts, at the same time.  It is on this account that science and technology should play a critical role in enhancing food security, population and environmental sustainability.  Building an endogenous scientific and technological capability has to be taken as the vital focus for Africa’s dvelopment and it is particularly germaine in coping the food deficit.  This realisation will have to insipre initiatives and actions by ECA member States.


�
PART THREE


 POLICY ISSUES IN SCIENCE AND TECHNOLOGY IN AFRICA FOR THE 21st CENTURY


III.1 Introduction


As we approach the 21st century the African continent is facing enormous challenges: low economic growth, high levels of unemployment, low levels of global investments, free trade and environmental regulations.  In addition, there seem to the increasing levels of uncoordinated social and economic aspirations that are not being supported by the current geopolitical system.





At the same time, interactions between industry, the S&T system, the economy, education and training policies are fragmented and uncoordinated.  In many African countries, a substantial part of government sector resources has been channelled to military purchases with negligible benefits, or even counter-benefits, for the civilian populations.


 


The present S&T system, its structure, operation and utilisation in many African countries is also distorted and cannot respond to the new national and international challenges, including those related to improving the quality of life of its masses. As already noted, existing strengths have been (and still are) insufficient to address the crisis. In addition, the present system is also not well positioned to address new developments and opportunities in the international S&T arena, where the African continent has to take its place in the global scientific community and deal with technological opportunities in fields such as information technology, environmental imperatives, biotechnology and flexible manufacturing technology.





This realisation that technology, the world and Africa in particular are changing fast and that policy makers must adapt and adjust to the emergence of a relatively new context, a new vision and a new strategy is needed.  This is the orientation of this part of the report.  Thus, the aim of this part is to identify the building blocks of change as knowledge, science, innovation and entrepreneurship, operating within an effective intra- and inter-governmental machinery, followed by well-functional S&T systems. Such systems would include institutions in regional, sub-regional and national levels, and the public and private sectors working together to develop, protect, finance and regulate new science and technology.  The overall premise is that coherent and adequately resourced vision would form the major instrument to ensure that science, research and technology contribute to the objectives of African countries and regional institutions.





The discussion of policy issues in this part has drawn on the experience of the ECA member countries and other developing regions who have grappled with similar issues. The common features are building on existing strengths and restructuring national and regional policies and programmes to support human resources development, education, industrial innovation and academic research and training. However, ultimately it is for individual African countries and relevant institutions to determine the best course of action to meet the many serious challenges and to accept joint responsibility for implementing the required changes. 





III.2 S&T Policy Options for African Countries Toward 21st Century


(a) Establishment of Coherent National S & T Policies


An overview of the status of scientific and technological research and a review of the scientific and technological history in the context of institutional and political change in Africa would clearly reveal the various efforts undertaken by governments in a bid to establish national science and technology policies.  In many countries, these efforts, which were initiated right after gaining political independence, have resulted in the creations of numerous research establishments ranging from advisory research committees, research institutions, academies of sciences, national science councils to fully-fledged ministries.  In fact, many African countries have diverse scientific and technological infrastructure due to the existence of a large research system consisting of universities, parastatal, international and non-governmental institutions.





However, what has not been appreciated is that the creation of a body or bodies alone does not cause social and economic development.  In many of these countries the establishment of the National Council for Science and Technology or the emergence of the Ministry of Research, Science and Technology has not resulted into any visible and definite defined missions to actively pursue national science policy statements.  The main contention here is that most African countries lack systematic policies and coherent institutional frameworks for accelerating the acquisition and development of scientific and technological capacities and capabilities.  There exist wide contradictions between the existing infrastructure and development goals and objectives.  Accordingly, there is need for an immediate impartial review to rationalise the planning capacities for research and development and their application in many of the African countries that have not yet formulated explicit national policies in science and technology. 





The following ideas are proposed for a well�functioning S&T policy environment in Africa:  


provision of coherent, co�ordinated and focused S&T activities by the establishment of regional, sub-regional and national social, environmental and economic goals;


elaboration of a clear understanding of the roles, responsibilities and accountabilities of different stakeholders within the S&T system;


redirecting military and defence expenditures to civil/commercial needs, and particularly into the S&T system;


increase the economic productivity and employment capacity of the countries and ensure competitive productive structure within the regional and global economy, by applying science and technology;


develop an all-encompassing and deliberate approach to policy decision�making and resource allocations to and within the S&T system;


implement the principles of sustainable development and food security; and


facilitate the creation of S&T and innovation culture within the African society so as to view the S&T system as an important source of informed choices about development





It should, however, be mentioned that it is the responsibility of national governments to establish science and technology priorities in the context of the broader national values, goals and priorities. On this account, the role of government with respect to S&T must be to promote the optimal functioning of the S&T system.  This is done by setting goals and priorities, initiating activities, and monitoring performance and evaluation.  


 


(b) Application of Available Science and Technology


As already noted, Africa’s past activities in science and technology have produced mixed results.  With the assistance of the Economic Commission for Africa (ECA) many countries have managed to register some successes in popularising a basic policy option centred mainly on application of available science and technology rather than on predominantly research as it has been the case up to now.  This fundamental change in the orientation of science and technology policies is exemplified by the comprehensive resolution adopted by the African Regional Conference on Science and Technology at its first meeting held in Addis Ababa in November 1995.  The resolution does not stress simply on research but on issues of application of available technology (investment, transfer, incentives, diffusion, etc.) with relevant research and innovation required in the process of application.  This represents a radical departure from traditional thinking.  The basic policy orientation calls for different policy instruments from those presently used by African countries.





The effectiveness and full benefits of the new policy will require existing institutions and structures to become more flexible and responsive to changes in the national, sub-regional, regional and international situations.  To achieve this ideal, all stakeholders will have to re�assess their present understanding and expectations of S&T framework. They will have to accept the need for a greater measure of co�ordination in their policy�making and operational activities to ensure efficiency and overcome the identified inconsistencies. 


 


A systematic effort is also required to strengthen technological innovation and entrepreneurship within the productive sector and research institutions.  What should be noted in this context is that innovation is not confined to high technology, but, rather, it reaches through incremental steps across the entire spectrum of endeavours, from technology intensive companies and research organisations to natural resource firms, service industries such as banks and insurance companies. Central to the success of this initiative is how best to assist small (including micro), and medium enterprises (SMEs) to access knowledge, apply and adapt technology, and adopt best practices.  Key concerns are how government can improve its support for industrial innovation and how to strengthen the linkages between the private sector and the other contributors to the national systems of innovation.





(c) Human Resource Development 


People are central to any effective system of innovation and unfortunately, as indicated earlier in this report, the area of human resource development has been greatly neglected in many countries in Africa. To lay a solid foundation in education will require a concerted effort especially in strengthening science teaching.  It is important to improve the public understanding of science and technology, with the aim of increasing the interest among students on the powers of science and technology, and also to boost the public's informed participation in political, economic and social activities.





While making school and university curriculum more responsive to local needs, special effort must be made to improve the quality of science and technology education and encourage female students to participate  in such courses.  Special programmes and the popularisation of science and technology must be aired in the local media.





(d) Science and Technology Policy within the Context of Sustainable Development


Growing global awareness of the complementary and trade offs between the national environment and current and future development, which the United Nations Conference on Environment and Development brought to the forefront of development thinking, has led many countries to recognise the need to pursue policies that, inter alia, promote the sustainability of agriculture and rural development.  However, what has not been stated clearly is the context under which to incorporate sustainable development objectives into the mainstream of science and technology policy framework.





Due to the diversity of the subject matter of sustainable development and S&T policy framework, there is need for regional and sub-regional efforts for the conceptualisation and implementation of the integration process.  The process could adopt the following objectives:


identify pertinent sustainable development issues to be integrated in S&T policy analysis;


discuss how the sustainable development issues could be incorporated in the policy and planning framework, including identification of the issues for appropriate methodologies that already exist and for which further inquiry was required;


to identify what, in the way of economic policy for sustainable development, ECA and other development agencies could immediately promote in member countries to improve integration of sustainable development concern in S&T analysis -- what are the priorities and what resources could be mustered to assist in the identified priority areas? and


development of a co-operative effort for applying the identified methods for S&T development in Africa.





For the above efforts to be appreciable, there is also need to adopt a broader definition of term “sustainable development”.  Sustainable development should include the management and conservation of the natural resource base (as outlined by the World Commission on the Environment and Development), but also human capital.  In addition, there should be a clearer understanding of the African perspective to the issue of sustainable development, to include the need for self-sufficiency in food (food security), self-sustaining agriculture, and industrial production.  The characteristics of this new dimension should include, among others, creation and sustenance of long-term demand for agricultural and industrial production within the region, incentives for enhanced productivity, and direct links between the research scientists, technology development and the productive sectors (farmers and industrialists).





Due to the market-based policies of the Bretton Woods institutions,  taking the centre focus in the development pattern of most African countries, coupled with the development in international trade, capital markets and the concomitant growth in regional integration, the approach should embrace a continental (as opposed to national project-level) perspective to the sustainability issue.  It should be contended that African countries need to strive for continental efficiency implied by this perspective of national income growth, and that sustainable development is not to be compromised.





ECA can assist member countries in their efforts to integrate sustainable development in science and technology policy through:


emphasising resource-use efficiency;


addressing the technical problems of resource degradation, environmental damage, and mitigation;


stressing on optimal investment policy; 


designing proper institutional arrangements; and


promoting the application of environmentally appropriate technologies





(e) Sources of S&T Funding


S&T activities in Africa are financed from several sources.  These include, to a very large extent, budget allocations from the central governments and grants and loans from foreign development assistance agencies, both bilateral and multilateral.  Budget allocations by enterprises allocated from their commercial income, levies from stakeholders in various sectors to finance designated activities, and contract revenues have not been fully exploited to support the national S&T activities.





The other sources of revenue that could be tapped to finance S&T activities include:


(i) Funds from levies:


Possibilities exist for tapping research funds from import or export levies on certain inputs, items and products.  Such levies could be used to support well-focused science and technology projects (research and development, informatin technology, promotion, conferences, adaptation, etc).  Industrial research, in particular, should benefit from funds obtained this way.





(ii) Local company's support:


Parastatal organisations and state corporations are charged with the development and management of national resources in a variety of ways.  Often, these bodies rely upon national scientific and technological institutions for data and relevant advice to their development responsibilities.  These familial ties could be strengthened through the building of a two-way traffic, by constituting subventions by state corporations back to the national research system.





(iii) Private sector support:


Opportunities exist for entrepreneurs in the private sector to fund collaborative research with national research institutes and universities.  In addition, modalities could be worked out whereby entrepreneurs invest in research development or in the application of strategic technology.  These modalities include tax-deductible and refundable grants for research and development activities.





(iv) Contract mechanism:


Although there are marked differences occurring between countries, it has been shown that probably the most preferred way of utilising public research establishments is through the adoption of the contract mechanism (see Gummett 1980).  Several examples from some advanced countries can elucidate how the mechanism works.





After the Second World War the United States developed a deliberate policy to have more research performed by non-governmental bodies working under contract to the federal government.  It was thought that the strategy was advantageous in that the government would not only have access to the wide spectrum of existing expertise, but would also enhance "cross-fertilisation" between competing institutions.  The approach proved successful and allowed scientific infrastructure to be very flexible in response to changing programme and project requirements.





More or less the same outcome can be observed in the United Kingdom.  The conception of linking the work of the industrial research establishments to the state of the manufacturing sector gained momentum in 1964 when the British Government established the Ministry of Technology.  However, it was not until 1967 that ministry adopted the idea of contract mechanism as a solution of the observation that despite a relatively high level of R & D the economy in general, and the state of manufacturing industry in particular, left much to be desired.





In January 1970, the ministry issued a discussion document outlining a proposal that a British R & D corporation be set up, outside the civil service, to run the civil laboratories.  The proposed corporation was to be financed partly by a general grant from the government, partly by specific government contracts, and partly by the sale of services, royalty income, joint ventures and other contract work from industry.  The aim was to ensure that the organisation and management of R & D was logical, flexible and decentralised.





The Rothschild report of 1971, which was accepted and implemented by the British Government (see Rothschild 1971) during the 1970s, advocated wider application of the "customer-contractor" principle� to government-sponsored applied R & D, together with the appointment within each department of a chief scientists (to provide scientific advice and to formulate research policy) and a controller of R & D (to be responsible for the execution of the departmental research programmes).  The implication was that the government research laboratories would have to apply to the ministry (the Ministry of Technology was then transformed into the Department of Trade and Industry) for funds for programmes in areas that the minister had defined.





Perhaps the most important of these measures, however, was the frequent imposition, as a condition of government finance, of the requirement that the project in question be partly supported by an industrial customer.  This condition was said not only to serve as a guarantee that a genuine industrial demand for the project exists, but also to foster a new kind of relationship between government and private industry.�





Examples of programmes which were designed in accordance with the government's priority objectives include the "Alvey Programme."  Similar programmes have also occurred in other countries, such as the various programmes of the Agency of Industrial Science and Technology of Japan's Ministry of Trade and Industry (MITI), and the programmes of the Federal Ministry of Research and Technology of Germany (see OECD 1989).  The common characteristics of these programmes is that they have their own management structures, are "visible" in the budgets of the government concerned, and have a clear link with industrial objectives and the stated intention of mobilising all of the sectors within the research network: the institutions of higher education, industrial sector and public research establishments.  There are now several hundred contract research organisations, with the total sales in the European Community, for instance, amounting to US$ 1 billion, representing 1.5 percent of total R & D in EEC (Haour 1992: 178).  The UK contract research market was estimated to be worth £670 million in 1988/89, excluding contract R & D performed by industrial companies for the Ministry of Defence and other government departments and for other industrial companies (Ringe 1991: 16).  It was also estimated that in 1986/87 contracts accounted for 15 percent of university revenue (Bossard Consultants 1989: 48).





From the foregoing discussion it is recommended that there is need to systematically and deliberately encourage links between government research infrastructure (including higher education institutions) and industry (the end-users of the research).  The aim should be to ensure that, in the overall operations of the research establishments, more emphasis is placed on the end-users needs.  The notion of introducing contract mechanism, and thus competition, will have the advantage of boosting the dynamism of research institutions as well as the quality of their services.





One of the incentives used in the advanced countries to encourage the adoption the customer-contractor principle has been the reduction in government funding.  For instance, it was the cutback in nuclear R & D programmes that forced many governments nuclear research establishments to diversify their operations and funds by means of contracts with industry.  However, this approach would not be appealing in the case of developing countries, who already are spending less on R & D in proportion to their national incomes. Instead, what would be required is to institute closer government monitoring of the missions and aims of its research infrastructure, and, at the same time, to allow them far greater autonomy.  As this study noted in several chapters that the ingrained problem of government research establishment has been the incompatibility between, on the one hand, the public sector's administrative and financial roles as well as the rules governing the conditions of employment, and on the other, the very nature of research activities.  This incompatibility becomes even more detrimental when it is no longer merely a matter of conducting research, but also, and above all, of promoting its use within the economy and society.  It is clear that this prime objective of science and technology policies will not be achieved unless the "management" of government establishments are allowed a far greater degree of autonomy, which implies a correspondingly far greater degree of responsibility.





The adoption of the contract system will have a number of advantages apart from the fact that it provides a further channel for funding.  In the first place, the use of contracts can be seen as a guide to enable scientific and technological findings serve the needs of economic development by forging a link with the productive sector.  The existing system under which research institutions just receive finance from above does not prove conducive to ensuring that the projects and programmes undertaken are actually of any interest to the end users.  Secondly, the contract mechanism will break the existing barriers between the different research institutions in the given country, making it easier to serve the needs of production.  The argument here is that if there is money to be made it may well lead to various research institutions pooling their resources (knowledge and facilities) together for specific projects and programmes.  The third advantage is that the increased funding derived from the contracts will augment the institutes' ability to reward its staff by improving on the terms and conditions of employment, thus raising the enthusiasm of the scientists and engineers.





(v) Fiscal incentives for innovation in the business sector:


Evidence has shown that the programme of fiscal incentives should be broadly based and aim for the development of an indigenous innovation culture, a concept that would include incremental innovation. It should be coherent with other elements of the S&T system and encourage technical links with other R&D performers. It should establish performance benchmarks and a financial framework. A combination of tax credits for existing enterprises and rebates for start�up companies is generally necessary, with as little emphasis as possible on rebates. The industrial community at large should be involved in the design and implementation of the scheme and the appropriate auditing functions should be established beforehand. Most importantly, tight procedures for evaluating the system should be established at the outset so as not to wane out the participation of firms.





(vi) Other Sources of R & D Funding


Other sources include:


Significant reallocation of the existing government budget for S&T activities;


Use of tax incentives to promote greater investment by the private sector;


Use of levies to other sectors of the economy to promote joint technology development for the benefit of all stakeholders in the sector;


Targeting of some increased share of Official Development Assistance to support innovative technology development and diffusion; and


Use of patents, industrial property and royalty systems for technologies provided by the R & D institutes.





(f) Creating a Competitive Environment


With the conclusion of the Uruguay Round of Multilateral Agreements (URA) a more liberal and competitive international trading environment is emerging, a trend expected to accelerate.  Many African countries are signatories to URA and are accordingly expected to make a transition towards more open trading environment. It is expected that this new environment will particularly promote trade in high value�added manufactures and service products.  On the other hand, international trade in raw materials and raw-material-intensive commodities will grow much more slowly.  Many governments in the continent are, therefore, expected to strive to stimulate innovation in local firms to advance their ability to compete on international markets.  Co�ordinating S&T policy with those in related areas becomes increasingly important to promote competitiveness. 





However, the envisaged liberalisation brings new dimensions to global competition that have both positive and negative effects on developing countries, particularly those in Sub-Saharan Africa.  The URA's provisions lay down the framework under which countries will acquire, absorb, develop or apply technological capabilities.  Whilst these measures appear to favour the technologically-developed countries in maximising returns from the innovations, questions arise as to whether the developing countries in Africa will benefit from the implementation of the new technology-related disciplines due to the low levels of technological development.





It can, therefore, be argued that the present global realities make competitive advantage a direct function of technological capability.  While increased global welfare is expected from the provisions of URA, it would seem that developed countries will reap a disproportionate amount of these benefits and the much-expected increase in technology transfer and diffusion to less developed countries from some of these provisions may not materialise even in the long run.  It seems that the URA will increase  the hold of Multinational Corporations not only on trade, but also on technology, globally. African countries would require to make certain strategic choices and seize new windows of opportunity created from global trends in innovation activities of multinational corporation, to increase their technological capabilities.





While the developed countries have generally welcomed the URA with plenty of optimism and even enthusiasm, the less developed countries, and, in particular, the countries of Sub-Saharan Africa (SSA) have been less than enthusiastic in accepting its provisions even after a number of special concessions have been granted to them to allay their fears.  An important factor for this lack of enthusiasm on the part of SSA is the fact that the URA replaces the more favourable concessions that they received from the various Lomè Conventions, which granted them special privileges in accessing the markets of the European Union which are their most important trading partners.  A large part of their exports and imports are carried out with this group.





On the one hand, SSA countries stand to gain from liberalisation in all sectors, but on the other they stand to lose substantial existing benefits from special relations, while being unable to exploit, at least for the moment, the opportunities and benefits of liberalisation. Since technological capabilities have been identified as the most important determinant of global competitive advantage, whether SSA countries can compete in the short, medium or long term in the global economy will depend on their ability (or inability) to build technological capabilities to exploit the opportunities offered by URA and to cope with the threats they face in the context of global competition.





(g) Implications of Technology Development


The African countries will certainly face special problems arising from their institutional and infrastructural deficiencies as well as their stage of technological development.  The major implications on technology development would include:


(i)  Availability and cost of technology:


There is a real danger that once Intellectual Property Rights are heavily protected, the technologies so protected may not be made available and if they are made available, the cost and terms and conditions may be erroneous.





(ii)  Extension of patents to new areas:


The extension of patents too new areas of micro-organisms and plant varieties raises a number of complex issues due to lack of adequate awareness and understanding in many African countries and has implications such as:





Definition of Micro-organism:


The definition of micro-organism is an issue that the developing countries may have to contend with.  For the purpose of patent protection under TRIPS, the term micro-organism will be understood in its widest sense to include any biological material which is self-replicable or which is replicable via a host organism; and


The difference between discovery and invention with respect to biotechnological processes.





Another problem with regard to the patenting of biotechnological inventions is the difficulty in deciding where discovery ends and invention begins.  That is the difficulty in drawing the borderline between the products of nature and a product of man.  The reason is that the starting point or the basic working material of a biotechnological process is always some kind of living matter; matter that pre-exists in nature.





The difficulty in distinguishing between a discovery and an invention in the case of biotechnological products  is being resolved, even in industrialised countries, more through judicial pronouncements.  Court decisions and patent office practices rather than through clear-cut criteria laid down in legislation. 





(iii) Awareness and understanding of the standards being adopted by the importing countries:


African countries will encounter special difficulties in complying with the standards set by importing countries with respect to both SAPs and Technical Barriers to Trade (TBT).  This is mainly because the right to set the standards rests with the importing countries and includes setting standards different from or higher than those achievable by developing countries. In this respect, developing countries would face two major problems:





 the availability and cost of technologies needed by them to comply with the standards; and 


the increasing possibility of the standards being used by the importing countries as non-tariff barriers to their exports.





(iv) Implications of economic reforms:


Under the current implementation of economic reforms, there will be a growing insistence on the inclusion of tough environmental clauses which will require developing countries to ensure that exports both of agricultural and industrial products conform to environmental and safety standards of the importing countries.  This will impact on the cost and acquisition of environmentally safe technologies.





In view of the aforesaid, and in order to benefit from trade resulting from the URA the African continent may have to be more committed and determined in the development of the domestic technological capability.  The key for realising the best value under the World Trade Organisation emerging from the URA will require the African countries to take appropriate measures.





(h) Administratibe and Institutional Measures:


Some of the administrative and institutional measures to ensure that the Global trading arrangements resulting from URA are beneficial to Africa include the following: 


(i)  Adequate capacity in intellectual property matters:


The grant of patents will require that the Industrial Property Offices (IPOs) be staffed with adequate patent examiners who possess the requisite knowledge in all fields of technology.  In the matter of patenting micro-organisms, IPOs needs to have enough lawyers since the borderline between discovery and invention is currently being settled by court decisions.  Guidance by knowledgeable experts is  mandatory.    


        


(ii)  Exploitation of naturally occurring genetic materials:


Africa will need to consider very carefully the definition of micro-organisms that the country may wish to adopt for the purpose of granting product patents.  Given the wide spread concern that the continent’s wealth of naturally occurring genetic materials would get patented by foreign multinational companies and given that many countries in Africa are strangers to the complexities of patent protection in the field of living matter, it may be prudent for IPOs to begin the process on a continuous note. 





(iii)  Technology policy:


It is imperative that S&T Policy in general and commercially oriented R&D in particular are placed high on the agenda of the national economic development policies.  African countries should therefore consider providing strong fiscal and financial incentives to local enterprises and strategic orientation on applicationof available technology institutions in private and public sector for commercially oriented research and development especially in areas of special importance to their socio-economic trade interests. 





(iv)  Building a strong "Intellectual Property Culture":


For a variety of reasons, there is lack of awareness and understanding of what intellectual property protection means, how a patent or other intellectual property right is obtained and what precautions are necessary to obtain and protect one's intellectual creativity.  It is therefore important for industrial property office to promote an "intellectual property culture" among scientists, technologists in the research and academic community as well as in the domestic enterprises.





A strong intellectual property protection system could be used to enable domestic research institutions, scientists and technologists to reap a reward from their intellectual creativity.  It is therefore important to enhance the researcher's understanding of the requirements of their intellectual property protection  system.


     


(v)  Protection of plant varieties:


As regards the protection of plant varieties, it is in the interest of African countries to establish a system for the protection of plant breeder's rights in order to stimulate private investment in the seed industry and to enable the public sector institutions to earn some reward for their investment in developing plant varieties.  Plant breading skills and agro-climatic diversity can be combined to yield tangible benefits under an appropriate plant breeder's right system.





(vi) Capacity to meet the environmental standards adopted by importing countries implementing economic reforms:


Many countries in Africa will have to develop and strengthen their skills in choosing and acquiring technology, equipment, raw materials and expertise that will enable them to meet the environmental standards adopted by the importing countries.  Unless the skills are developed, the countries may find it difficult to realise the market access opportunities availed under economic reforms. 





(i) Linkages Between Firms and the S&T System 


The policy on S&T should aim at strongly promoting more effective linkages between firms and the rest of the S&T system. The present level of collaboration in Africa leaves much to be desired.





There is wide recognition of the importance of universities and other tertiary institutions as sources of promoting technical change and innovation.  Various arguments have been advanced to explain the growing interest in such interactions.  First and foremost, it seems that these relations have been influenced by short�term economic considerations and today's cut throat competition.  Because of the global economic recession in the last couple of year many countries found it imperative to marshal their scientific and technological capacities to improve their competitive position.  Secondly, it is also argued that the current interest in university�industry relations has been caused by "conjectural considerations" and it is merely a stage in the nature of the innovation process itself.  This stage may have started a long time ago, but its impact only began to be felt recently.  This new stage of the innovation process is characterised by the interaction and interdependence of many new technologies, such as information technology, new materials technology and biotechnology.  These new technologies require high degree of academic interaction in basic research and call for the co-operation of people in diverse fields with highly specialised scientific and technological backgrounds.  Thirdly, the role of universities and other institutions of R&D and higher learning on the productive sector naturally falls into place because of their interdisciplinarity, their competence in undertaking basic research, their reservoir of knowledge and information sources, and their ability of recruiting young talents in the field of science and technology. 





What measures can be taken to ensure that research in tertiary education and in other S&T institutions is more effectively linked to the business sector? To this end, the report recommends the pursuit of a three-fold strategy consisting of (i) re-formulation of institutional policies to make the S&T system more responsive to the technological needs of the industrial sector, (ii) implementation of industrial policies to stimulate firm-level R & D activities, and (iii) creation of an enabling environment for R & D.





(i) Promotion of bridge-building institutions:


Studies have shown that there exists a gap between the productive sector and the scientific institutions in many African countries.  The solution could, therefore, have been to bridge this lacuna by promoting another bridging institution.  There are several types of these institutions: technology information units; consulting engineering centres involved with design and fabrication capabilities; science parks; innovation centres; industrial liaison units; and so on.





Beyond the existence of effective "bridges" between the academic institutions and the productive sector, the outcome of such interactive mechanisms is the continued interest between researchers and entrepreneurs to maintain such interactions. This continued interest depends, to a large extent, on the financial expectations to be derived therein.  Since the possibility of increasing the allocation of research funds from the central governments is limited, the S&T units have to initiate mechanisms of identifying new and diverse sources of income and increasing the quality of services offered to industrial clients.  This can be achieved by transforming the units into semi-independent institutions and allowing them to commercialise their R & D and technical services.  This could have the effect of augmenting the revenues received from central governments, internal efficiency of the units and also improvements in demand (industrial) orientation.





It should, however, be noted that due to the low levels of economic development of some countries in Africa in general, and the S&T institutions, in particular, it would not be desirable to emulate the examples of countries in Europe and North America in the establishment of rather comprehensive interactive mechanisms, such as science parks, research parks, or innovation centres.  There is need to create simplified bridging mechanism such as industrial liaison units or offices.  The establishment of industrial liaison offices, so long as they are adequately staffed and properly organised, can facilitate to bridge the gap and enhance the interaction between the research institutes and the end users.





(ii) Stimulation of firm-level R & D activities:


As already noted, government sources for funding industrial R & D in Africa are limited and reducing.  It is, therefore, important that manufacturing firms play an increasing role in augmenting their research expenditures.  In as much as R & D is not likely to directly impact on the economic growth in SSA for the immediate period of time, the carrying out of R & D by firms themselves would have the effect of increasing the chances that such efforts increase their competitiveness in the market.  In addition, the development of in-house capabilities would enhance the likelihood of being able to participate more fully with local research units, thus able to take advantage of the local talents in the identification of appropriate sources of technology and markets.





(iii) Enabling environment for R & D:


The two strategies stipulated above will remain contentious without the intervention of the governments to upgrade the technological capabilities in their countries.  The above strategies, therefore, call for the formulation of R & D policies as part and parcel of the overall policy aimed at the development of scientific and technological capabilities.  Again, it is emphasised that Africa needs systematic policies and a coherent institutional framework for accelerating the acquisition and development of technological capabilities through the promotion of the requisite enabling environment.





(j) Impact of Technology on Democratisation and Governance


It has been argued that some of the explanation surrounding the success of the East Asian countries and the failure of Africa to attain desirable levels of industrial and economic development rests with the meaning of governance to ruling elite, the governed populate, and the associated implication on the quality of governance. This situation has persisted because African countries are characterised by:


unstable polities (Nigeria, Somalia, Rwanda, Burundi, Zaire, Liberia, Central African Republic, Sierra Leone, Gambia, to name but a few);


unstable economies, plagued by high rates on inflation, unstable and depreciation exchange rates, high levels of unemployment, brain drain, and low capacity utilisation in majority of the industries.


burdened ethnic and tribal parochial cleavages occupied with personal gains, with little or no concern for the welfare of the governed. 


 


Under these circumstances, it would be difficult to achieve desire levels of industrial development.  Any pre-occupation with the institution of economic reforms without fully and explicitly addressing the need to have a complete transformation of governance would not lead to any significant improvements in the standards of living of the greater masses.  Thus, one objective of democratisation in Africa is to change from centralised authoritarian rule to more decentralised and democratic styles of governance.





The meaningful participation of citizens in a truly democratic state depends critically on their access to information and their ability to assess and respond to that information. Both can be greatly enhanced by information technology and a suitable communication infrastructure. Such an established infrastructure can also play a major role in public education.





As an example, the use of modern technology by the media to disseminate and diffuse of information through satellites linked to the communications system, has dramatically increased South African public's access to information about world conditions. The educational role of this communication channel should be exploited to the full for all other countries in the region.





(k) The Interaction between S & T Institutions in Africa


Over many years, innovative activity in Africa has not been effectively encouraged and institutions have remained static.  Fortunately these trends are starting to change and African countries are recognising that they cannot forge themselves closer to the developed world without revolutionising their technological base.  However, the awareness of the importance of innovation has been seen as synonymous to the establishment of institutional framework to facilitate transfer of technology from the industrialised countries to Africa.  Many countries in Africa developed modern scientific and technological institutions but failed to establish indigenous scientific base.  As a result, the contribution of the institutions has almost always been below expectations in terms of enhancing the social and economic development. 





Despite the existence of all players necessary for an effective industrial innovation to take effect -- the research institutions, the industry and the government machinery -- the links between them are weakly developed.  Even the scientific institutions themselves have only weak links to one another.  Moreover, there have been numerous efforts by various United Nations bodies and donor agencies trying to increase the institutional capability and co-operation, but the impact has been too weak to be seen and understood.





Studies have indicated that there exist some limited interactions between the agents of research and the productive sector (Mwamadzingo 1996; Adeboye no date; Ayiku 1991).  Evidence has shown that this association appears to be relatively stronger on the part of the academic institutions more than scientific institutions.  It should, however, be stressed that the main line of associations between academic institutions and industry has been pursued on informal and individual basis, without much institutional support from the university central administrations or the governments.





From the foregoing it is therefore clear that the need for interaction is well understood by all players in the field.   In as much as the government has realised the role of research in economic development, empirical evidence has shown that it is the same public sector lagging behind in supporting dissemination of local technologies. What is required for effective application of science and technology in the different sectors of the African economies, and between the institutions and the productive system, is a clear policy guideline for effective commercialization of scientific findings.





In other words, since industrialisation and economic development involves the establishment and management of institutions that harmonise and integrate resources, technology and human skills for productive systems, it is imperative to involve the administration of a whole set of processes and programmes.  Science and technology institutions are one part of these processes and programmes.





Studies have, nevertheless, shown that there exist various strong points amongst African S&T institutes such that if they can practise institutional interaction among themselves, and with the productive sector in general, most of the bottle-necks facing industrial development of the region could be minimised.  The aim of the collaboration would be to enable each institution to overcome its development problems more rapidly than it could have done solely on the basis of its own resources.  Therefore, the ideal mode of collaboration is to identify the stronghold and areas of research interest in each institute to be the basis for collective self-reliance in research.





There is, thus, an urgent need to translate the current "nationalistic" mentality on the mandate of national S&T institutions to be concrete units ready to learn from other countries' institutes involved in similar projects and programmes.  The strong emphasis for adopting existing national institutions for rapid economic development of the entire region is because of the inherent weakness of the regional and sub-regional bodies, as already mentioned earlier. The national institutions do not require any new mandates on their establishments to be involved in the proposed collaborative research.  It is obvious that these national bodies are already faced with various problems, but the fact that they are still performing some good work, they can increase their success by being more outward.





To facilitate the performance of the above model, the following steps need to be highlighted:


i. Identification of the areas for collaboration


ii. Formation of a co-ordinating committee linking the institutions concerned: to draw up a simple and flexible constitution, displaying the basic objective of promoting unity among the scientific communities of the member institutions for the benefit of their respective productive sectors. Some of the clauses to be considered include: a share and unquestionable urge to co-operate; a clear and concise perception of the aims of the joint undertaking; a detailed evaluation of the contributions of the each of the institutions, in terms of personnel, institutional and financial resources; and a prior determination of rights and obligations of each institute.


iii. Organise meetings and workshops, in concert with the overall governing science and technology body of the host country.  The problem under discussion should be focused, multi-disciplinary and transnational.  The basic function of the meetings should not be so much to divulge new findings s to more widely diffuse existing results and to stimulate follow-up by planners and researchers.





�
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� The Rothschild report was based on "the principle that applied R & D, that is R & D with a practical application as its objective, must be done on a customer-contractor basis.  The customer says what he wants; the contractor does it (if he can) and the customer pays" (Rothschild 1971: paragraph 6).





� The report also recommended that a "General Research Surcharge" of about 10 percent be added as a contribution to research not directly concerned with the programmes commissioned by the customers.  The intention was to support basic research, which no customer would be willing to contribute to.
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