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FOREWORD

The National Research and Technology Audit marks a significant milestone in the history of the
development of science and technology in South Africa. It represents a bold step by the Department of
Arts, Culture, Science and Technology to take both qualitative and quantitative snapshots in time and
to create a foundation for better-informed policy formulation processes in the future. The results of
this audit will undoubtedly provide an essential framework for the National Research Technology
Foresight Project that is currently under way to plot a course for a science and technol ogy-influenced
future for South Africa.

The audit was a task of the magnitude that was always going to test our intellectual and management
capacity. Its novelty in the South African context meant that every step of the project was in itself a
learning process from the point of view of both the information unveiled and the business of

managing such a project.

The set of reports and the National Research and Technology database provide a comprehensive
picture, for the first time in South Africa’s history, of the heart and soul of the science and technology
system. What we see in this report is not all gloom. Certainly, there are serious shortcomings, but we
must also recognise that our science and technology provide us with a solid foundation from which a
national economic and social renaissance can occur in our new democracy. A critical blemish in our
science and technology system results from policies, practices and tendencies of the past that ignored
85% of the population as a potential source of science and technology human resources. Science and
technology are embedded in knowledge and skills in people. Each and every South African that is able

and willing to become a contributor to our national effort should be enabled to do so.

We believe that science and technology in South Africa have more to offer than we have ever
imagined. The challenge to us is not what science and technology can do for us as a nation, but how
we should use and manage science and technology for the common good of the people. In many
respects, science and technology provide the means for us to address the major socio-economic
problems facing us. The results of the audit in the form of the reports and the database, provide the
platform from which to begin to formulate policies and strategies that will allow usto use science and
technology to achieve our social and economic objectives, for without science and technology, these
objectives will not be achieved. However, further research is needed to reap the full benefit of the audit
effort.
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EXECUTIVE SUMMARY

In May 1996, the Department of Arts, Culture, Science and Technology, announced that a
National Research and Technology Audit (NRTA) would be undertaken by the department.
The gated object of the exercise was ‘an assessment of the strengths and weaknesses of South
Africa’s science and technology system’ and to provide data and information to be used as a

basisfor policy.

The NRTA covered publicly funded S& T aswell as the contribution and activities of the
private sector. Whereas the data from the public sector was fairly comprehensive, that from the
private sector isbased on a carefully structured sample. It is therefore important to recognise
that the NRTA did not capture total population data-sets, which naturally resultsin a need to

harmonise information to achieve consistency between the individual survey reports.

The audit has produced the following outputs:

Five survey reports

?? Sientific and Technological Infrastructure

?? Human Resources in Science, Engineering and Technol ogy
?? Scholarship, Research and Devel opment

?? Technology Base of the South African Business Sector

?? Research and Training Equipment in South Africa

And two additional reports

?? Scoping Scenario Trends, and a
?? Synthesis Report (Technology and Knowledge).

The data collected in the surveys has been integrated into a single database. This will be made

access ble via the Internet, as a means of making the data widely available.
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1. Main findings of the National Resear ch and Technology Audit

South Africa’s science and technology system is endowed with a well-devel oped infrastructure
of inditutions with good potential and a core of skilled and knowledgeable people, with
achievement of international stature. However, there are some gructural, organisational and

societal weaknesses.

11 Scientific and Technological Infrastructure

Science and Technology performers as a whole spend R9.66bn pa. This excludes the
contribution of the private sector. The majority was spent on education and training (66%) with
only 16% being spent on R&D. This sector employs 70 000 people of which under 50% are
classfied as professonal and technical staff. Of these latter 33 000 technical staff, 54% are
employed by the Higher Education sector.

A noticeable feature of the international survey was the number of countries (Japan, Taiwan,
USA, Jordan) which have an aligning vision or a target set of objectives for the sysem. Where
a dmilar srategically approach could be discerned in the SA system, it was more typically

focussed around the objectives of the previous government, e.g. Defence.

At a macro level, the SA science and technology infrastructure does not compare favourably

with international benchmarks. Key indicators here are:-

?? the edimated gross expenditure on research and development (including the business
sector), as a percentage of gross domestic product (GERD/GDP), where South
Africa’'s 0,9% is lower than that of technology leaders, such as Korea, Japan and USA
(who average 2,5%), and on a par with Hungary, Spain, Portugal, New Zealand, Chile
and Brazil. Our private sector, however, is a much more significant player than in the
latter group of countries,

?? The number of science and technology staff, per million of the population, is far below
that of comparable countries;

?? Our low output per capita in science and technology.
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12 Human Resour ces in Science Engineering and Technology (SET)

Various scenarios were evaluated, but if one assumes that the present output trend in the
Higher Education Sector persids, there will be a sgnificant shortfall in engineering and related
categories, and in medical and management sciences, while art, sports and entertainment
graduates will be in oversupply, by a factor of more than 5. If much higher output in the
scarce categories is to be achieved, a significant change in the numbers of learners receiving

University exemptionsin Matric Maths and Science will be required.

An analysis of post-graduate trends revealed that the output of masters and doctoral graduates

isrelatively low, in relation to the number of academic staff available to supervise them.

Despite recent progress in the eradication of gender and racial imbalances in the SET fidld in
general, the majority of SET human resources are gill white males. This imbalance is even

more prevalent among research scientists.

13 Technology Base of SA Business Sector

The survey was conducted on the basis of structured interviews with a carefully constructed

sample comprising 313 industrial companies.

South Africa’'s “R&D Investment” to “Sales Turnover” ratio isless than 1/3 of the comparable
USA benchmark indicator. The SA Industry spends 90% of its R&D expenditure locally, of
which 80% is spent by companies themsalves. R&D funding, received from large companies,
is il heavily skewed: about 1/3 of the total amount is spent in the eectrical and electronic

industries.

The three main drivers of technology are funding, the availability of resources, and R&D time.
The shortage of kills was the mogt important issue affecting the business sector’s ability to
perform R&D. What was surprising, is how rare it was to find either an R&D culture in a
company, or any perception that the lack of appreciation for R&D was proving a barrier to

investment.
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However, in both large companies and SMMEs, on average, about 70% of respondents
perceive Government to be playing a minor, or often no role in promoting R&D and technology
invetment. There are, however, high expectations that this Stuation should be reversed with
clear direction and priorities being established, especially in sectors where South Africais able

to compete internationally.

14 Scholar ship Resear ch and Development

The Higher Education Sector (HES) spends the largest proportion (50%) of its direct R&D
expenditure on basic research, and the larger part of this is devoted to strategic, rather than
fundamental research. This means that fundamental research currently makes up less than
25% of all research within the HES, and less than 5% of all R&D in the public sector. All
performers in the public sector devote more than one third of their expenditure to applied
research. There has been an overall increase, between 1993/4 and 1996/7, in R&D expenditure
devoted to developmental, i.e. more misson-oriented, work. All of these trends support the
global trend towards more application-driven forms of research in the public sphere. Concern
about the adequacy of the core of basic research in our national research system, was also
raised.

More than 50% of public sector expenditure (business excluded) is directed at three sectors,
namely: agriculture, mining and manufacturing. Thisresultsin relatively low spending in areas
such as health, community services, housng and energy. Expenditure in the higher education
sector is more evenly spread, with a greater emphasis on education and social services.
However, high priority (GEAR) areas, such as communication and information, and energy,

receive little attention.
Interdisciplinary collaboration is highest in the fields of agriculture, basic medical sciences and

chemical sciences. It is lowest in the arts, humanities and economic sciences. Overal inter-

ingtitutional collaboration, across sectors, is only 21%.

15 Resear ch and Training Equipment in SA
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The main findings of the local scene, condsting of more than 2000 items of equipment valued
at R1.8bn, are asfollows:

?? The cost of replacing and upgrading the existing infrastructure exceeds the capabilities
of the individual players. More than R500m is estimated to be required for
replacements up to the year 2000, and an additional R250m for immediate needs.

?? Equipment policy and management in the country, is far from best international

practice, with the stakeholders aiming to address their problemsindividually.

2. Recommendations

The synthess report makes four recommendations. Each recommendation has policy

implications.

21 A directed science and technology system

Science and technology has become increasingly multi-dimensional and multi-disciplinary. In
consequence, no single government department, acting on its own, will be able to maximise the
positive impact that science and technology can have, on the multi-faceted problems faced by

the country in an increasingly complex world.

The gate currently commits R7.37b (including R4.2b to higher education) to the science and
technology sysem. Analysis of the audit data suggests that, when assessed againgt established
national objectives, thisis not being employed optimally. Thereis accordingly a need to review
and drategise the state’'s contribution to the science and technology system. This should be

extended to a consideration also of the contributions made by other funders.

From a review of the South African policy environment, it is clear that the South African
government has established clear socio-economic priorities, and that these were developed in a
trangparent manner involving many stakeholder groupings. It is also apparent, however, that
the mechanism for trandating these national priorities into desired outcomes and priorities for

entities within the science and technology system, has yet to take effect.

Accordingly, there is a need for a more formal and structured approach, to ensure the

converson of accepted national priorities into concrete national programmes for the science
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and technology system. These programmes need to be more outcome- and output-orientated,
and incorporate an explicit system for reviewing the efficiency and effectiveness of the resource

commitment.

The creation of the Ministry and Department of Arts, Culture, Science and Technology in
1994, provided a vehicle for government to focus its role in developing a science and
technology system that will respond to the demands set by the nation’s socio-economic
priorities. The White Paper on Science and Technology published in 1996, outlined priorities
for, and challenges facing, the national science and technology system. There is, however,
concern that the priorities enunciated in the White Paper are expressed in very general terms
and do not trandate into clear objectives, against which science and technology performers

might be properly evaluated.

The White Paper also created governance structures for the S& T system, that alow the
relevant line government departments to ensure that the system responds appropriately to socio-
economic demands. These dructures include the Ministers Committee on Science and
Technology and the Directors General Committee on Science and Technology. In addition, the
White Paper made provision for the creation of the National Advisory Council on Innovation,
which comprises members, appointed by the Minister of Arts, Culture, Science and
Technology, and drawn from different stakeholder groups in the national system of innovation.
The National Science and Technology Forum continues to function as a non-governmental
body which is used as a sounding board.

The structures and systems that are currently in place, appear to contain most of the necessary
elements for an effective national system of innovation. The challenge that remains, is to
ensure that these structures and systems will actually function to create a coherent interface,
between the national science and technology system, and the national system of innovation.
Such coherence will have to be reflected in the outputs and outcomes, related to the national

macro-economic goals.

Vi
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Recommendation 1
The strategic planning and strategic management of the national science and technology

system requires a policy apparatus that will enjoy such a high degree of respect that
government, business and civil society, as key stakeholders in the national system of
innovation, will “ take their cue” fromit and adjust their activities to accord with its stated
objectives and requirements. This inclusive apparatus would then set the basic tone for the
strategic planning and strategic management of science and technology by ALL eements
comprising the national system of innovation, and will inform the collective planning and
management of the national system of innovation. Such an apparatus must give purpose to
the science and technol ogy system and, through incentives, remove conflicting interests that

prevent or inhibit the science and technol ogy system from working coherently.

2.2 Policy-directed growth in science, engineering and technology skills

GEAR sets ambitious objectives for growth in both the economy and human development over
the period until 2000. Trandating national objectives into requirements for the science and
technology system, the audit has established that the country has an adegquate number of higher
education ingtitutions with suitable capabilities. However, the audit has confirmed that there
are some dgnificant shortages of resources, particularly human resources, in a number of
important disciplines. If the GEAR objectives are to be achieved, urgent action will need to be
taken to improve the supply of these human resources, not only to fill the current shortfall, but

to provide for the future growth expectations.

Training more people in science and technology related areas where shortages currently exig,
could be an important spur to economic growth. In particular, if the development of the small
bus ness sector, which is employment-enhancing, is to proceed more rapidly, there will need to
be a greater supply of persons with scientific, and particularly, technological kills. Training
in, and the diffusion of, such technical skillswill require a far more deliberative policy than has

prevailed up to the present.

Most policy documents of government line departments make some reference to the required
development of human resources and skills within the field of that department’s competence.
These invariably refer also to science and technology human resources and skills. In the

absence of well co-ordinated policy formulation by different government departments, it is

Vi
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unavoidable that there will be incoherence in policy proposals on the development of science
and technology human resources and skills. No sngle government department can alone
develop a coherent human resource and skills development policy, that will meet the national

reguirement.

Recommendation 2

A coherent national human resource and skill development policy, and accompanying
strategies, should be developed urgently. Such a policy should aim to negate all the
undesirable features of historical policies, patterns and practices. The policy should
ensure that human resources and skills, of appropriate quality and in appropriate
quantities, are developed with a view to macro-economic policies and improving the

human devel opment index.

23 A technologised® society

Operationally speaking, technology is the system of competencies and capabilities within an
organisation or society, which amplifies the ability of humans (in other words, it is *“human-
plus’) to achieve their objectives, and to satisfy their wants and needs. Technological
innovation is therefore, not just a process of artefact improvement, but implies a genera
improvement in the system of competencies and capabilities, which support the artefact within

an organisation, and within society.

Although modern technological innovation is often linked to scientific progress, scientific
progress on its own is not sufficient to produce socially meaningful innovations. It isin fact
possible for a country to have a highly advanced scientific capability, but a poorly devel oped
capability for sustainable technological innovation, in so far asit applies to finding solutions to
problems relating to economic growth and human development. The full benefits of global
scientific advances over 200 years of scientific progress and industrial growth, are enjoyed by
possibly no more than one fifth of the world's population. South Africa is a microcosm of the
global dtuation, noted by growing poverty and a poor level of human development, with the
majority of the country’s population being marginalised and alienated from the technologically
advanced indugtrialised sector of the country. For the latter, technology is often a perplexing

! Technologising implies the upliftment of people — a process of capacity generation where people can benefit in full from the fruits of
technol ogy.

viii
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subject, and innovation a threat. It is perceived to be a threat to their competence and
capability to sustain themsdves, and their families, in an ever more bewildering world,

wheress, in fact, it should be a redeeming force.

Given her current state of economic and human development, South Africa cannot create a
sugtainable culture of technological development by smply focusing on building the science

and technology system.

South Africa will have to focus equally on removing the barriers to available technologies, that
result from human attitudes to technology as both alien and alienating. The technological gap
between different societies continues to widen, even as technologies become more widely
available, depending, inter alia, on the attitudes of the various societies to technology. The
competitive abilities of those societies that lack familiarity with technology, and consequently
do not readily embrace available technologies, can significantly be impeded. South Africa
should strive towards a technology-friendly society, in which its citizens of all social ranks, will

embrace technological innovations asintegral features of twenty-first century societies.

Recommendation 3
A programme should be developed and implemented to technologise South African society,

as a sustainable process of re-creation and renewal that will include improving per spectives

and understanding by all its people.

24 An enhanced national infor mation infr astructure

The challenge to all nations, as they enter the twenty-first century, isto transform the economy
by making far better use of information and knowledge. The science and technology system, in
particular, is becoming increasingly dependent on consderably improved communication and
information flows, among performers located in the various inditutions of the syslem and

sectors of the economy.

South Africa performs approximately 0.2% of all the world's research and devel opment.

Technological innovation, on the part of South Africans, will increasingly require access to
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global knowledge. Global scientific and technological knowledge and information will have to
be exploited through effective international € ectronic communications and networking.

Increased person-to-person contact, more alliances and greater sharing and collaboration, the
reductions of barriers between indtitutions — all will be sgnificantly facilitated through better
information systems. An enhanced information network will therefore be essential to the

development of a more effective and efficient national science and technology system.

New knowledge needs to become known knowledge, by becoming available quickly to all those

involved in research, education, diffuson and innovation.

Recommendation 4

The information network, including the human utilisation capacity, should be enhanced
to serve the science and technology system and prepare the country for becoming a
knowledge society, thereby allowing the people of the country to communicate,

innovate and compete globally, more effectively.
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CHAPTER 1

INTRODUCTION

11 RATIONALE FOR THE NATIONAL RESEARCH AND TECHNOLOGY
AUDIT

South Africa faces many challenges, such as social and economic inequalities, an economy
growing too dowly, significant unemployment, low productivity, vast health care and education
needs, demographic complexity and an increased and evolving rolein Africa. These challenges
are likely to becomesttain acute dimensions-as the country enters the twenty-first21st century.
South Africa’s nascent democracy will only survive if these challenges are addressed with the
utmost urgency and if the high expectations of the mgjority of South Africans, who were

previoudy denied the franchise, are met.

It iswidely recognised in government and in the broader community that technology? (as well
as the science® and research’ that interact with it) is pivotal in tackling such problems. In
essence, the nation’ s well--being and economic competitiveness will depend largely on how the
science and technology assets are Strategically managed and exploited.its It iswidely accepted
that successful nations are those whiche develop and nurture ‘technologising’® policies that
gtimulate the processes whereby knowledge is gained and embodied in people, products and

Services.

It is one thing to recognis=ig the contribution that science and technology can make to meeting
societal needs; and quite another to question whethering the system has the capacity and
capability to fulfil these expectations of contributing to the nati onal Seuth-Afriea's social and
economic well-being. Thise-abeve issue becormespertinent-is especially significant in South

Africatoday because the current science and technology system® was designed, and evolved, to

2 Technology is a set of means (a combination of techniques and skills) embodied in products, processes,
machines and related services by which the physical and informational domains are manipulated.

3 Science includes the natural, engineering, medical, health and human sciences.

* Research comprises creative work undertaken on a systematic basisin order to increase the stock of knowledge,
including knowledge of man, culture and society, and/or directed towards specific practical aims or objectives.

® Technologising implies the upliftment of people — a process of capacity generation whereby people can benefit
in full from the fruits of technology.

® The science and technology system is formed by the relationship and interaction between all the participants
(both funders and performers) in science and technology (in government, science councils, research institutions,
higher education ingtitutions, the business sector and non-government organisations).
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play arole under the previous political dispensation, when the priorities of state were very
different. The circumstancesthe-conditions thatwhieh shaped the character of science and
technology in South Africa have changed considerably, and new conditions have emerged,
placing changed demands on the science and technology system. This necessitates a new
evaluation of the capabilitiesy and weaknesses of the system in relation to the altered
expectations. Expressed differently, any effort to promote a better match between national
objectives and the activities of the science and technology system; will require an assessment of
the capacity and capahility of the the-system. Equatly-significant-it is equally important to
anticipate whichthe areas in which South African-tfe will need a greater contribution from
science and technology and to commit sufficient resources to themseienee and-technelogy.

It was againgt this background that the National Research and Technology Aaudit was

authorised by the government, in order to gain an have somidea abeut-ourof the capacity,

capability and limitations ofin the science and technol ogyscience-ane-technology system; as
they relate to our current and future needs. If South Africa’ s© investment in research and in

science and technology is to make a positive contribution to the present and future well-being of

the new nation, it must come to terms with the current health and status of the science and

technology system. i

12 OBJECTIVESOF THE AUDIT

The principal objective of the National Research and Technology Audit, as accepted by the

Ministers Committee on Science and Technology, isto provide data and information to be

used as a basis for policies directed at increasing the effectiveness of technological innovation’

as a contributor to industrial productivity, economic growth, environmental sustainability and

international competitiveness by way of sound recommendations and implementation strategies.
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The audit was therefore initiated to allow the government to reach a better understanding of the
forces that will shape the long-term future of South Africa’ s science and technology system and
thus fashion a robust national -system that:

?? maximisesiits effectiveness, efficiency and cultural impact
?? optimises the responsibilityies and accountabilityies of the stakeholders

?? minimises conflicting interests and objectives

It ison the basis of tFhese principles wit-previde-ameans-en-which-that the current

government’ s investment in science and technology can be judged.

In order to achieve these objectives, the audit was conceptualised to:

?? assess the strengths and weaknesses of South Africa’ s science and technology system and
determine the efficacy, adequacy and value of the system

?? develop and communicate a better understanding of the forces that will shape the long-term
effectiveness of the nation’ s science and technology system

?? provide direction and/ guidance on how to maximise the S&F-system’s-effectiveness of the
science and technology system to meet the future challenges facing South Africa

13 PROCESS OF THE AUDIT

The Department of Arts, Culture, Science and Technology contracted out to the Foundation for

Research Devel opment the responsibility for managing the initiatives of the National Research

and Technology Audit. The process of the audit comprised the following discrete activities.

131 Surveys

The audit was carried out by way of five surveys, which were each contracted out to individual

and separate consulting organisations. The five surveys were designed to cover the relevant

" Innovation is the introduction to the market of a new or changed product — product innovation — or a new or
changed production process — process innovation. Innovation entails a combination of scientific, technological,
organisational, financial and commercial activities.
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aspects of the funders and performersin the science and technology system and obtain a

measure of the operation and outputs. The surveys were on the following subjects:

Scientific and technological infrastructure
Human resources and skills
Research and scholarship output

Technology across the bus ness sector

S

Research and training equipment

The consultants were contracted to conduct audit surveys, collecting data on the present
Stuation and considering the implications of the findings. Asfar asthe future is concerned, the
survey of human resources and skills was required to include an estimate of supply and

demand.

1.3.2 Futuretrends

A study was commissioned to forecast future trends in the South African economy,

environment and society with particular reference to the technology needs.

1.3.3 Report by the Foundation for Resear ch Development

The management of the Foundation for Research Devel opment undertook to produce an overall
synthesis report, which would use the information and data collected in the audit to guide and
motivate policy recommendations directed at increasing the effectiveness of the science and
technology system in meeting the needs of the country. The Foundation for Research
Development appointed an analytical task team to analyse the five surveys and the future study
and, together with their own knowledge and individual experience, provide input to and
guidance for this report and its contents. The Foundation for Research Devel opment produced
the report based on this input and sought further comment from three *critical’ readers before
finalisation.

14 NRFA-OUTPUTSOFE THE AUDIT

The process of the audit produced the following tangible outputs:

14.1 Fivesurvey reports
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The following survey reports were produced:

Scientific and Technological Infrastructure

Human Resources in Science, Engineering and Technology
Scholarship, Research and Devel opment

Technology Base of the South African Business Sector

S

Research and Training Equipment in South Africa

These reports are being published separately as stand-alone reports of the completed surveys.
The data, findings, recommendations and conclusions of each of the surveys have been used as
the basis for this synthesis report.

14.2 An-Oen-line National Resear ch and Technology Dédatabase

The An-on-line National Research and Technology Dedatabase of the science and technology
capabilities of South Africa was developed by integrating the data produced byef the five

of the science and technology capabilities of every sector of the South African economy and is

structured to serve as a useful, readily accessible tool for well-informed decision-making by
government, business and the public at large. It isingtalled on an audit computer system. The

features of the databa include:

?? profiles of enterprises, ingtitutions and sectors

?? continuous updating facility

?? redrictions on sengitive data

?? in-built functionalities, including statistical analysis and graphical presentation of data
?? interactivity with the World Wide Web

14.3 Report of astudy scoping socio-economic trends

A report, Scoping Socio-economic Trends in South Africa: a Technological Perspective, will
also be available separately as a stand-alone study. The future scenarios presented in this study




National Resear ch and Technology Audit

are used as a bags for the assessment of the needs that will make demands on the science and

technology system, both now and in the future.

144 A synthesisreport

Thisreport, Technology and Knowledge, is a synthesis based on the five surveys and the study
Scoping socio-economic trends. The report also draws on the input of an analytical task team,
the members of which brought their individual experience to bear on the audit survey findings
and recommendations. The members of the analytical task team were not involved in any of the

five surveys.

The report concludes with recommendations that have policy implications in the area of science

and technology in South Africa.
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CHAPTER 2

SCIENCE AND TECHNOLOGY ENVIRONMENT

21 OVERVIEW OF GOVERNMENT POLICY INITIATIVES

ed

A number of the current policy documents of the present government wereere reviewed as part
of the analytical framework to determine their relevance to, demands on and expectations of the
science and technol ogyscience-and-technology system of South Africa, aswell as the extent of

such demands. The policy documents reviewed included:

?? the Growth, Employment and Redigtribution Strategy (GEAR)

?? the Green Paper on Science and Technology

?? the White Paper on Science and Technol ogy-Ahite-Paper

?? the Green Paper on Skills Development Strategy for Economic and Employment Growth
?? the Green Paper on Higher Education

?? the White Paper on Higher Education

?? the Recongtruction and Devel opment Programme

The determination of government and its various organs to eenstruet-develop an integrated
approach to addressing the socio-economic needs of the country is evident in all the policy

documents reviewed;.

Six common ality-ia-themesahich emerges from the review of the policy documents, whichs
condtitute the six “pillars- of a globally competitive and nationally equitable South African
economy. Science and technology have a significant role to play in achieving each of these

pillars:

1. Promoting cEompetitiveness and jJob cCreation
2. Enhancing the gQuality of |Life
3. Deveaoping hHuman rkesources

4. Working towards eEnvironmental sSustainability
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5. Promoting an information society

6. Producing more knowledge-embedded products and services
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Figure2.1
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The relationship between the GEAR objectives for economic growth and social upliftment and
the national science and technology system isillustrated in Fig. 2.1 on page 8. Thisrelationship
shows that the science and technology system forms part of the national system of innovation, a
concept introduced by the White Paper on Science and Technology, and should be a catalyst in
transforming government funding into valuable outcomes of knowledge and skills, technology,
products and processes to serve both the business sector and the social development sector. In
this way, government funding promotes the growth of the economy and improves the quality of

life.

The other relevant policies contain instruments to achieve the GEAR objectives with maximum

efficiency and effectiveness.

22 CURRENT AND FUTURE NEEDS OF SOUTH AFRICA

The most pressing need in South Africa at present is to raise economic growth, in accordance
with the GEAR abjectives, from its present rate of approximately 2% to an average of 4.2%

per annum.,

Other needs articulated in the GEAR objectives are employment growth averaging 2.3% per
annum, as opposed to the present negative growth rate. The urgent minimum need isto create
an average of 270 000 new jobs per annum over the five-year period 1996—-2000.

Some of the other needs that flow from the policy documents include:

?? the redigtribution of income and opportunitiesin favour of the poor and the previoudy
disenfranchised

?? increasesing in the quality and quantity of intermediate skillsin the country

?? increasesing in the quality, relevance and cost-effectiveness of skills development in the
country

?? increaseding the-access byef workers to education and training

?? asociety in which sound health, education and other services are available to all

?? an environment in which homes are secure and places of work are productive
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?? support foring the establishment of viable small, medium and micro enterprises

?? the establishmenting of systemsthat are responsive to current and potential economic and

?? the nurturing of develeping-a culture within which the advancement of knowledge is valued
as an important component of national development:

?? the establishmenting of an efficient, well-coordinated and integrated system of technological
and social innovation

?? improveding support forall innovation that isahieh-+s fundamental to sustainable

employment creation, equity and social development

It is necessary to trand ate South Africa’ s needs are-into current and future demands on the

science and technology- system-aswell-astherole-of-the system-itsaf2. 1t isegually important
to consider what the contemporary role of the science and technology system should be, given

the new soci 0-economic pressures.

23 ENVIRONMENT OF SCIENCE AND TECHNOLOGY SYSTEMS
INTERNATIONALLY

2.3.1 National systems of innovation

An examination of successful nations around the world reveal s that many countries with
successful science and technology systems broadly consider the science and technology system
to be part of a much larger system of innovation, frequently called a national system of

innovation.

A national system of innovation is defined as ‘ the network of ingtitutionsin the public and
private sectors whose activities and interactions initiate, import, modify and diffuse new

technologies .® Innovation is regarded as the act of successfully introducing something new.

Several elements determine the characteristics of national systems of innovation. These elements

include:

8 Freeman C. (1987). Technology Policy and Economic Performance; Lessons from Japan. London: Pinter.

10
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?? the size of the scientific community, itsfields of research and its links with industry

?? the ability of the education system to provide highly qualified researchers and technicians

?? the gtructure of industry

?? the research and devel opment activities of the public and private sectors

?? the way in which science and technology contribute to the accumulation of knowledge

?? the ability to trandate research and devel opment results into new or improved products,
processes and services

?? theleved of investment in the national system of innovation and the results achieved from
thisinvestment

?? the rdative specialisation and international comparative advantage of the national system of

innovation

Government policies play an important role in all the eementslisted. Thisincludes particularly
the gtrategies for mobilising research and development, using technological resources and
providing national support for efforts towards innovation. Policies on, for example, the extent
of the resources mobilised, the industrial sectors chosen for support, the commitment to long-
term national security, the types of ingtitutions involved and the criteria for selecting

innovations for support are all critical in defining national performance and technological style.

Apart from government, the business sector, higher education ingtitutions, science councils and
non-government organisations all play a role as funders of and performersin the system,

thereby participating in shaping the nature and direction of a national system of innovation.

2.3.2 Trendsinfluencing the evolution of national systems of innovation

A review of various national systems of innovation in both devel oped and devel oping countries
reveals that the evolution of these systems and the manner in which they operate within national
and international contexts are influenced by several discernible trends. These trends cannot be
ignored if the South African science and technology system isto remain relevant in a global

context.

11
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The internationalisation of technology

This can be measured by the increase in the rate of cross-border technology flows, driven
initially by multinational corporations and then increasingly by corporations of all sizes
attempting to disseminate the results of research, exploit innovations in global markets, and
acquire knowledge developed e sawhere. The internationalisation of technology is changing the
mode, aswell asthe means, of knowledge accumulation. Greater importance is attached to the
international integration of knowledge for innovative applications than to the classical
accumulation of knowledge for academic purposes. Another result of the trend towards
internationalisation is the growth in collaborative and cooperative ventures among business,
government and higher education ingtitutions, which allow the open sharing of technical
knowledge.

Strategic management of national systems of innovation

Nationsincreasingly believe that technology is a key issue in determining economic growth and
international competitiveness. They are leveraging the technological resources within national
systems of innovation to achieve developmental, economic, industrial and social objectives. A
component of thistrend is the nurturing of five competencies that are necessary for managing

technology in an effective and sustainable manner within a national system of innovation:

?? the acquisition of technology in the form of imported embodied technologies and
technology devel oped in-house

?? the development and fusion of technology, which involves bringing together previoudy
disconnected technol ogies to impact new beneficiaries or accelerate innovation, such as the
convergence of communication and information technologies

?? the deployment or uptake of technology, which is the effective demonstration of
established technologies as well as the packaging of technology to enhance knowledge
transfer and technology application

?? the diffusion of technology, which isthe classical sale of technology into end-use markets
or the social diffusion of technology by various means

?? the management of the technology framewor k, which includes the instruments and
techniques that can be employed to take advantage of the systemic interactions within the

national system of innovation

12
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Divergence between science and technology

There appears to be an increasing tendency towards deliberate Strategies that focus on
technological activitiesin selected fields. At the same time, scientific activities tend to be
gpread across a broader set of technical areas. Also, scientific and technological activities are
diverging because the openness that characterises science communitiesis not poss ble among
technol ogists due to the increasingly competitive nature of technological innovations. Therise
of computational sciences, modelling and smulation (in contrast to classical theoretical and
empirical methods) is also transforming the mode of knowledge production and the ingtitutional

forms that mohilise such knowledge.

Increasing degree of specialisation

It is common for countries not to show uniformly strong performance in all aspects of their
national systems of innovation as measured by the strengths and weaknesses of their

manufacturing industries. Such strengths and weaknesses can be attributed to:

?? the availahility of natural resources and the existence of a domestic industry to exploit them
?? sectoral specialisation of production and trade in natural resource-based industries
?? the national demand structure and consumer tastes prompting technological development in

particular directions

For anational system of innovation, the implications of increasing specialisation are positive as
well as strategic. There is considerable evidence to suggest that there are technological,
economic, industrial and competitive advantagesto a nation if it specialisesin certain
technological areas. The technological fields selected for specialisation do not appear to be as
critical asthe degree of specialisation. In most technological fields, innovation activity istaking

place in ever fewer countries because of increasing specialisation.

The barriers to entering certain technological areas and becoming globally competitive are
growing. This has a significant impact on the character of national systems of innovation,
particularly in developing and newly industrialised countries, asit callsin question the
effectiveness of the classical mode of knowledge accumulation and generation. Within national
systems of innovation, the generation and accumulation of knowledge for its own sake only are

becoming less important, while the demonstration, integration, packaging and transfer of

13
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knowledge (or technology) are growing in importance. The concept of what congtitutes
knowledge is thus taking on new dimensions. This aspect of the national system of innovation
offers significant opportunities for developing and newly industrialised economiesto find

alternative and rapid ways of achieving competitiveness and devel opment S multaneoudy.

2.3.3 Characteristics of a functional national system of innovation

The significant characteristics of a functional national system of innovation include:

?? Technology, of local origin, isembodied as packages which can be demonstrated in the
context of appropriate end-user groupings.

?? Innovation and technology projects are performed by transdisciplinary, often international,
teams.

?? All the competencies of gtrategic technology management are developed and employed to
manage the national system of innovation so as to achieve national objectives.

?? Thenational system of innovation operates within a technologising environment, which
enables national relevance to communities and devel ops international competitivenessin
selected areas of the economy.

?? The system is outcome-oriented and outcome-driven. The outcomes are devel oped and
agreed upon by the appropriate stakeholder groupsto ensure the long-term sustainability of
the national system of innovation. Outcomes strongly influence the resource allocation
srategy, with the result that national systems of innovation tend to apply outcome-based
allocation and funding methods.

?? The grong, sdlf-reinforcing linkages among business, government, development agencies,
higher education ingtitutions and other types of organisation are enhanced and maintained
through collaborative projects, some of which are sponsored by the government.

?? The national system of innovation is managed as a system with high-level objectives and
performance measures (both qualitative and quantitative) based on national priorities and
aligned with the agendas of government departments.

?? The national system of innovation facilitates technological and sectoral specialisation by
means of technology and innovation projects aimed at fostering unique competencies, as
well as by developing the networks and ingtitutional support necessary to sustain specialised
technol ogy.

14
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24 CURRENT AND FUTURE ROLESOF THE SCIENCE AND TECHNOLOGY
SYSTEM

The present science and technology system isalegacy of our past.a-peint- The sysem was
designed, and evolved, to perform a particular role and deliver specific outputs. Does; the
system have the flexibility and capacity to adjust to the changing soci o-economic environment?
Since the forces that shaped the system haves changed significantly, it isimperative to
reconsider the role of the system itself againgt the new demands being placed on it. New

conditions and demands thus necessitate the formulation of new rolesfor the system.

The policies of the new government indicate the following roles for the science and technology

system:

?? promoting national development, sustainable economic growth, employment creation and
social equity by contributing to the six pillars described previoudy

?? creating an environment thatwhieh facilitates knowledge the role of strategic knowledge and
ills

?? contributing to knowledge-intensive processes and technology to allow South Africato
compete globally

?? forming an integral part of fa greater innovative environment, which aimsto create a society
thatwhieh is more aware of science and technology and merereadily to accepts and
appreciate the contribution ef-science and technology can make to the-increased national
well-being — a technol ogising society

?? leading the economy and society to accept and ingtitutionalise the new modes of knowledge
acquidtion, transfer and diffusion and the opportunities for mass employment within the
information societyf-al-members-esociety

?? betng-proactivei-enhancing the international standing of South Africa

?? promoting innovation to create competencies in the economy

?? improving the productivity of present commerce and industry

15
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25 MAJOR CHALLENGESTOFOR THE SCIENCE AND TECHNOLOGY
SYSTEM

The issues discusseddemands-and-roles Hsted above present major challengesto South Africa's
science and technology system because of the country’ s historical development and the
assumptions on which the system was initially based. Integrationg South Africainto the new
global economy (based on knowledge and technology innovation), whilest at the same time
addressing the aspirations and needs of South Africans,; is probably the most difficult
challenge in the medium term. The opening of the South African economy to global business
has created pressure of international competition on local industry. The majosty important
dilemma that this challenge presents to decision--makers is how to maintain a balance or,
better, achieve synergy, between becoming internationally competitive and addressing the
eurrent-and-pressing needs of our society. The science and technology system should be able to

assst government and industry in their response to the situation.

This tension between an economy of globality and one of proximity is not unusual
internationally, but our challenge is toiswit-reguire the transform atien-ef-anthe -economy
from one driven by a combination of energy and matter (and land use), to one driven by
information and knowledge. AFhis transformation of this kind ;-represents a majors gnificant
departure from current thinking within the productive sectors of the economyin-asfarasin

terms of the delivery of products and services.
Strategic thinking and action will be required to develop the-appropriate options for South
Africain order to mutually reinforce the balance between being globally competitive and

serving local needs.

Sthe-uccess

depend largdly be-dependant-on the responsiveness, flexibility and capabilities of the science
and technology system. Given the limited capacity of the science and technology system to
address amid-the multiple; and sometimes competing; demands, the following challengesis

section need to be metstating the felowing:

?? optimising and maximising the contribution of science and technology toin addressing the
mounting social and economic demands

?? technologising society

16
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?? deincreasing the efficiency and effectiveness of the system

?? doprioritisng our choices in the system, given the multiple demands

?? dedrategically managing and practically leveraging the system in a coherent and
coordinated fashion without eroding the existing infrastructural and skills base

2.6 VALUE OF THE NATIONAL RESEARCH AND TECHNOLOGY AUDIT IN
THE CURRENT POLICY ENVIRONMENT

The National Research and Technology Audit was sanctioned at the highest level of
government in South Africa, which isan indication that it has the potential to ean-add value to

the implementation of government policy initiatives. Furthermore, the rationale and objectives
artiedtated unambiguoudy position the audit asthe first national effort to come to termswith
the capacity, capabilities and limitations of South Africa’s science and technology system. The
audithasbeceme is needed in order to determine the competing demands on the system and also

to serve as a basis for benchmarking the system.

The audit Fhisprovidess a-the mechanism forte strategically managinge the relationship
between national policy objectives and South Africa’ s science and technol ogyscience-and
technelogy system as part of a national system of innovation. In addition, it allowsthe
performance of the science and technology system to be measured againgt strategic national
objectives. In establishing the capacity and capabilities of the presentef- science and

technol ogyscience-and-technology system, the audit enables an assessment of its strengths and
weaknesses measured against the societal demands. It also —Simitarly-significanthy-H-providess
anthe opportunity for communicatinge the contributi onpesitive-achievements of the science and
technology system in-eentributingtowards achieving national goals. Thiswill lead to an aFhis
withherease the-awareness and appreciation of the fruits of public investment in science and
technology.

The auditaudit has created for the first time; an e ectronic database that, through continuous
updating and maintenance, will provide information which will assst decison-making by
government (whether national, provincial or local), business, the higher education sector,
labour organisations, civic organisations and the public at large. The quality of the information

will enhance decision--making on the role of the science and technology system in future; for

17
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thefirst time in the history of South Africa, it will be possible to base decisions made-on
relevant and current hard-and-analysed-data.

18
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CHAPTER 3

MAIN FINDINGSOF THE
NATIONAL RESEARCH AND TECHNOLOGY AUDIT

31 AUDIT SURVEYS: INTRODUCTION

The audit was conducted by means of five surveys, as previoudy stated. Each of these surveys
collected a large number of data on the science and technology system, which have been
captured in the National Research and Technology Database. The actual survey reports are
extensve stand-al one documents, and hence are not reproduced in this synthesisreport. This

chapter identifies some of the essence of the outcomes and outputs of the surveys.

These outcomes and outputs can be identified as one of the following:

i) dataasasnapshot intime (generally for 1995/96)

i) sometrend data

i) international comparisons of data

iv) projections based on the GEAR objectives and other government policies

V) interpretations
The discussions of the survey reports that follow cover some of the relevant data and

impressions used for synthesis and recommendations. For a fuller understanding of the outputs

of the surveys, the survey reports themsel ves should be consulted.
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3.2 SCIENTIFIC AND TECHNOLOGICAL INFRASTRUCTURE

Survey of the Scientific and Technological Infrastructure

LHA Management Consultants

The scientific and technological infrastructure is defined as including all activities that help
maintain and/or expand the knowledge base. It includes:

?? research and development

?? education and training (post matriculation)

?? generation of information, development of knowledge, standards and guidelines, patents

and licensing

Terms of reference

The primary aim of the survey was to collate, interpret and assess data related to the national
pattern of science and technology funding and performing activities in South Africa,

excluding the business sector and public corporations.

Research design

Relevant information was gathered from science and technology performers and funders in
the government sector, higher education institutions, science councils, non-profit, multi-client
private sector research organisations (for example, the Leather Industry Research Institute)
and a selected number of non-government organisations and national heritage institutions. In

total, 189 organisations were covered.

Information was gathered from available documentation, personal contact and by means of a

guestionnaire.
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The report yielded the following findings:

3.2.1 Performersof science and technology

Science and technology performers, excluding the business sector, spent an amount of R9.55
billion in 1995/96. The expenditure can be broken down asindicated in Table 3.2.1.

Table3.2.1 Expenditure in the science and technology system, by performer: 1995/96

Performer R (million) %
Government 654 7
Higher education 6756 70
Science councils 1470 15
National heritage institutions 112 1
Non-government organisations 558 7
TOTAL 9550 100

The activity split of this expenditure can be broken down asindicated in Table 3.2.2.

Table3.2.2  Activity split of science and technology expenditure: 1995/96

Activity R (million) %
Research and development 1500 16
Education and training 6311 66
Other* 1739 18
TOTAL 9550 100

* Includes deployment of knowledge, standards and guidelines, patents and licensing

The science and technology performance sector (excluding the business sector) employsjust
over 70 000 people, approximately half of whom are categorised as professional scientific and
technical staff, asindicated in Table 3.2.3.
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Table 3.2.3 Staff profile of science and technology performers. 1995/96
Performer Staff Category
Professional/ Admin- Unskilled Unspecified Total
Technical istration labour
Support
Science councils 7 965 2 466 832 406 11 669
Universities 14 362 8 307 8677 5327 36 673
Technikons 3732 2733 2185 - 8 650
Government 5521 41 - 701 6 263
National heritage institutions 448 128 232 977 1785
Non-government organisations 1231 228 168 3994 5621
TOTAL 33259 13903 12 094 11 405 70 661
% 47 20 17 16 100

3.2.2 Fundersand funding of science and technology

The government isthe major funder of the science and technology system. Its contribution

amounts to R7.37 hillion, which isearmarked asindicated in Table 3.2.4.

Table3.24  Government funding to the science and technology system: 1995/96
R (billion) %
Transfer funding 6.24 85
In-house funding 0.65 9
Contract funding 0.48 6
TOTAL 7.37 100

3.2.3 Application of the funds

Disregarding the large education and training component (R6.3 billion), the balance of science

and technology spending (R3.3 billion) is allocated by broad field of application asindicated in

Table3.2.5and Fig. 3.2.1.
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Table3.25  Allocation of science and technology spending by broad field of application
(excluding education and training funding): 1995/96

Field of application R (million) %
Agricultural sciences 671 20
Medical and health 456 14
Engineering, technology & applied sciences 952 28
Biological, physical and mathematical, 635 19

information & computer sciences

Human sciences 653 19
TOTAL 3367 100
Fig.3.2.1

Science and technology spending by field of application for
all sectors: 1995/96
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The main performersin the agricultural sciences are the science councils (55% of the spending)
and the government (31%), while in the medical and health field, the main performersare a
non-government organisation — the South African Ingtitute for Medical Research —which is
responsible for 55% of spending, and the universities, which are responsible for 26%. The
other application field activities are more evenly spread among all performing sectors.
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3.24 The South African science and technology infrastructurein the inter national
context

The science and technology system of South Africa was compared with international

competitors at the macro level. Some of the key issues which came out of the comparison were;

?? The estimated gross expenditure (R4.5 billion) for 1995/96 on research and devel opment
(GERD) (including the business sector) as a percentage of the gross domestic product of
South Africa (R4.84 billion) amountsto 0.9%. Thisislow compared with most of the
developed and devel oping countries with which South Africa has strong science and

technology relationships, and with which it has to compete in international markets.

?? The value of 0.9% places South Africa on the same level as Hungary, Spain, Portugal, New
Zealand, Chile and Brazil.

?? Asociated with this observation isthe small number of science and technology staff per

million of the population of South Africa when compared with these other countries.

?? There appear to be signsthat South Africais producing fewer science and technology
outputs per capita than the countries mentioned above which have similar ratios of GERD

to gross domestic product.

Meaningful international comparisons, however, require an intensive study based on sound,

compatible data.

3.25 Conclusion

The overall impresson from this study is that the South African science and technol ogy
infrastructure, although reasonably provided with structures, performers and funding, lacks
cohesion and a clear vison of purpose within a coherent network addressing national
objectives. The contribution of the science and technology system will only be optimised in
securing the necessary growth and improvement in the socio-economic system if the expertise
and facilities within the public sector are integrated, through networking, and are aligned with

the needs of the business sector by means of partnerships.
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33 HUMAN RESOURCES

Survey of Human Resources in Science, Engineering and Technology
E. van Zyl, E. Hall, L. Albertyn, J. Roodt and A. Whiteford
Human Sciences Research Council

Terms of reference

The study had two components:

i. An analysis of the supply of and demand for science, engineering and technology human
resources

ii. An analysis of human resources in research and development

Research design

The following research methodology was used:

Existing databases were analysed and estimates made of the supply of and demand for science,

engineering and technology human resources. The GEAR macro-economic strategy was used as the

basis for labour demand projections.

Questionnaires on employment issues (for example, research and development posts, labour turn-

over, shortages) were completed by organisations actively involved in research and development,
such as higher education institutions, science councils and government.

The survey yielded the following salient findings:

3.3.1 Growth in the supply of skilled human resour ces

The output of graduates from the higher education sector has grown consistently over the last
five years. The growth in the output of university graduates with a first degree has been 3% per
annum, and the growth in the output of diplomates from technikons has been 10% per annum,
asillustrated in Table 3.3.1. The number of university graduates has grown by over 5% in
some disciplines, such as communication, physical education, health education and leisure, and
public administration and social services. Numbers have shrunk in other disciplines, such as
agriculture (-13%) and architecture (-5%). At technikons, the growth rate has been more
dramatic, particularly in disciplineswith small numbers, such as language (65%) and library
studies (51%), while there has been a decline in diplomatesin industrial arts, trades and

technology (-4%).
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Table3.3.1 First degrees/diplomas awar ded at universities and technikons: 1991-1995

First degrees First
awarded at degrees/diplomas
universities awarded at

technikons
Disciplines Total Growth Total Growth
1991-95 | 1991-95 | 1991-95 | 1991-95

Agriculture & renewable natural resources 1537 -13% 2014 10%
Architecture & environmental design 2595 -5% 2466 -1%
Arts, visual & performing 2428 0% 2516 -1%
Business, commerce & management science 24008 2% 16288 7%
Communication 2068 8% 1372 -1%
Computer science & data processing 1963 3% 2547 1%
Education 14971 5% 338 28%
Engineering & engineering technology 6990 1% 10622 2%
Health care & health science 15675 5% 4578 11%
Home economics 959 5% 3252 23%
Languages, linguistics & literature 14055 3% 170 65%
Law 12229 2% 112 16%
Libraries & museums 882 4% 507 51%
Life science & physical science 7177 3% 2528 14%
Mathematical science 2953 2% 141 25%
Philosophy, religion & theology 4006 6% - -
Physical education, health education & leisure 1037 6% 82 57%
Psychology 10761 4% 23 -20%
Public administration & social services 5636 6% 5013 33%
Social sciences & social studies 20390 2% 2268 8%
TOTAL 152320 3% 56876 10%
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3.3.2 Shortages of skilled human resour ces

All the sectors covered by the audit reported shortages of highly skilled scientists, especially in
the natural sciences, most engineering disciplines, information technology and computer

science, aswell asin the economic and business sciences.

In the business sector, 77% of the survey sample identified occupations in which shortages
were currently being experienced, even before the growth levels expected of GEAR aretaken
into consideration. These were predominantly professonal engineers (21% of cases) and

artisans (23% of cases), followed by engineering technicians.

The demand for black physical science, engineering and technology human resources far
exceeds the supply, and much greater efforts to increase the supply of black human resources

arerequired. Only about 20% of all research and development scientists are black.

3.3.3  Future supply of and demand for skilled human resour ces

The survey devel oped some human resource supply and demand scenarios based on the GEAR
strategies and various supply projections. The scenarios arelisted in Table 3.3.2, and the
results of the analysis are presented in Table 3.3.3. The indications are that if the present
growth trend in higher education output continues, there will be sufficient human resourcesin
each category for the ‘Base’ GEAR strategy, but not for the ‘Integrated” GEAR strategy. There
would be a shortage of certain skills, particularly in engineering, medical and managerial
occupations. If the output of the higher education sector remains static at the 1995 levd, there
will be a shortage for both the ‘Base' and the ‘ Integrated” GEAR demand strategies. With no
increase in the present output, there will be shortages, not only in the fields mentioned above,
but also in the business, commercial and management sciences. However, if the profile of
outputs in the various disciplines from the higher education ingtitutions were changed to meet
the needs of the GEAR drategies, it is possible that the total output of graduates and
diplomates could be reduced.
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Table 3.3.2 Scenarios for the supply of and demand for human resour ces

Overall scenario = Demand scenario +  Supply scenario

A Base (GEAR) Trend in higher education output (1991-1995) is
maintained until the year 2000

B Base (GEAR) Higher education output remains constant at 1995
level until the year 2000

C Integrated (GEAR) Trend in higher education output (1991-1995) is
maintained until the year 2000

D Integrated (GEAR) Higher education output remains constant at 1995
level until the year 2000

Note:  The base and integrated scenarios refer to alternative scenarios incorporated in the GEAR
objectives.

Table 3.3.3 Supply of science, engineering and technology human resour ces expr essed
as a proportion of the demand: 2000

OCCUPATIONAL CATEGORY SCENARIO

A B C D
Engineering, engineering technicians, architects & 11 1.0 0.9 0.8
related
Natural science occupations 1.7 1.5 1.3 1.2
Medical, dental & related health services 1.0 0.8 0.7 0.6
Education & related 1.8 1.7 11 11
Legal occupations 3.2 3.0 2.7 2.6
Social sciences & humanities 1.9 15 1.4 11
Business commercial & management sciences 1.2 1.1 1.0 0.9
Art, sport & entertainment 6.6 6.1 5.3 4.9
Managerial & administrative 1.1 0.9 0.9 0.7
Other 9.1 7.4 6.7 5.5
TOTAL 14 1.3 1.1 1.0

Note: A figure of less than one indicates a shortage.
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3.34 Reevant school education

The limited output of secondary mathematics and physical science education represents one of
the most serious weaknesses of the education system when seen from the perspective of the

supply of and demand for science, engineering and technology human resources.

Table 3.3.4 shows that of the 518 000 matriculation candidates that wrote six or more subjects
in 1996, 54% passed. Only half of the 42% of all candidates that wrote mathematics and 67%
of the less than a quarter (23%) of all candidates that wrote physical science passed these
subjects.

Table3.34 Matriculation results (1996)

CANDIDATES WHO CANDIDATES WHO % WHO PASSED

WROTE (1000s) PASSED (1000s)

Male | Female | Total | Male | Female | Total | Male | Female | Total
Mathematics 106 113 218 58 51 109 | 55% 45% 50%
Physical Science 67 58 124 48 35 84 | 72% 62% 67%
TOTAL 228 290 518 133 146 279 | 58% 50% 54%

3.3.5 Postgraduate performance

The availability of researchersis closdly associated with the number of postgraduate students
(especially magters and doctoral students) that qualify from universities. In the period 1991—
1995, approximately 17 500 masters degrees and 3 400 doctorates were awarded by South
African universities. University staff included some 4 500 doctoral academics (Table 3.3.5).
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Table3.35 Postgraduate qualifications awar ded by institution (1991-1995) and
number of doctoral academics*
Academics with Masters degrees awarded Doctorates awarded
doctorates*
University Percentage Percentage Degrees Percentage Degrees
of total of total per of total per
academics masters doctoral doctorates doctoral
with degrees academic awarded academic
N doctorate n awarded N

Cape Town 411 9.1% 1750 10.1% 4.3 372 11.0% 0.9
Durban-Westville 176 3.8% 414 2.4% 2.4 52 1.5% 0.3
Fort Hare 63 1.4% 24 0.1% 0.4 2 0.1% 0.0
Medunsa 44 1.0% 186 1.1% 4.2 17 0.5% 0.4
Natal 298 6.6% 1155 6.7% 3.9 208 6.2% 0.7
North 71 1.6% 5 0.03% 0.1 5 0.1% 0.1
Free State 309 6.8% 1293 7.5% 4.2 254 7.1% 0.8
Port Elizabeth 120 2.6% 337 2.0% 2.8 111 3.3% 0.9
Potchefstroom 250 5.5% 802 4.6% 3.2 152 4.5% 0.6
Pretoria 568 12.5% 2677 15.5% 4.7 547 16.2% 1.0
Rand Afrikaans 188 4.1% 1707 9.9% 9.1 298 8.8% 1.6
Rhodes 149 3.3% 401 2.3% 2.7 109 3.2% 0.7
South Africa 572 12.6% 1817 10.5% 3.2 432 12.8% 0.8
Stellenbosch 375 8.3% 2173 12.6% 5.8 341 10.1% 0.9
Western Cape 166 3.7% 242 1.4% 15 34 1.0% 0.2
Witwatersrand 488 10.0% 2093 12.1% 4.3 380 11.3% 0.8
Transkei 82 1.8% 24 0.1% 0.3 2 0.1% 0.02
North-West 42 0.9% 18 0.1% 0.4 7 0.2 0.2
Zululand 66 1.5% 54 0.3% 0.8 13 0.4% 0.2
Vista 93 2.1% 89 0.5% 1.0 35 1.0% 0.4
TOTAL 4531 99.2% 17261 99.8% 3371 99.4%

* Numbers of doctoral academics are for 1996 or are the latest available figures.

3.3.6 Research and development human resour ce capacity

Based on headcount, and excluding the business sector, there are approximately 19 000
scientists working on research and devel opment, of which the largest portion (63%) are

employed at the universities. However, if calculations are based on full-time equivalent

researchers (FTE),” the universities contribute only 46% of the total time spent on research and

development in South Africa (excluding the business sector).

® For higher education institutions, the concept of full-time equivalent researchers was applied to determine the
percentage of their time that the instructional/research staff spend on research. For example, four researchers that
each devote 25% of their time to research constitute one full-time equivalent researcher.
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The digtribution of research and development capacity among the broad scientific fields shows
that 40% of researchersare in the natural science and engineering fields (based on headcount),

while based on full-time equivalents, researchers in these fields represent 55% of the capacity.

The analysis of performance sectors shows that in the natural sciences and engineering, the
research capacity of the science councils exceeds that of the universities. This supports the case
for closer cooperation among these sectors with a view to building research capacity, especially
in the fields already experiencing shortages of capacity, for example, engineering and the
medical and health sciences.

3.3.7 Mobility of skilled staff

The occupational mobility of research and development staff between the different sectorsis
largely in one direction — from higher education institutions to the business sector. This leaves
the former very vulnerable in terms of its own human resource base. The lack of movement in
the opposite direction could impact negatively on the relevance of the training offered and the
research done by the higher education sector.

3.3.8 Conclusions

The output of secondary education in mathematics, physical science and technology needsto be
improved as a matter of urgency. The composition of the output from higher education needs to
be aligned according to demands. Special provision needs to be made to increase the pool of
research scientists and to draw from a larger base of graduates. The latter should be possible
through planned cooperation among the different role players available to the science and

technology system.
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34 RESEARCH AND DEVELOPMENT OUTPUTS

Survey of Scholarship, Research and Development
J. Mouton and H. Hackmann
Centre for Interdisciplinary Studies

University of Stellenbosch

Terms of reference

The brief for the survey was to collect and analyse data on research projects and their resourcing. A

closer specification of this brief required the following:

?? a description of the nation’s research projects in terms of key variables, such as objectives,
researchers and financial value
?? a classification of those projects in terms of dimensions such as socio-economic sector and

discipline, as well as by main performance sector

Research design

The research design consisted of four components, namely:

?? personal interviews on research policy with key persons in surveyed organisations

?? the collection of documentation on the research policies of surveyed organisations for qualitative
analyses at a later stage

?? mail questionnaires for individual researchers at higher education institutions (15 333 mailed,
3 337 returned)

?? mail questionnaires as above to science councils and 14 government departments, modified for

data collection at the level of programme or main research field

34.1 Typeof research and development

The classfication of the research being done on the basis of the three types of research — basic,
applied and development — revealed that about the same amount of effort goesinto basic and
applied (39% and 38% respectively), while the least amount goesinto development (23%). As
expected, the higher education sector spends the largest portion (48%) of research time on basic

research. The science council sector recorded the highest proportion of time (38%) spent on
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development, which is mainly due to the focus on technology development by three major

ingtitutions.

When basic research is further analysed to fundamental and strategic research, it is revealed
that the higher education sector spends a significant portion of itstotal research effort (23%) on

fundamental research, while all the other sectors allocate very little to this area.

Thetrendsin research make-up reveal a declinein the portion of the total basic research
undertaken by the higher education sector, from 75% in 1991 to 55% in 1995/96. There has
been no sgnificant change in the portion of applied research being done in the higher education
sector, while there has been a growth in the devel opment work.

All performersin the public sector devote more than a third of their expenditure to applied

research.

The activities of each of the broad scientific fields was analysed by type of research (Table
3.4.1).

Table3.4.1  Type of research and development in the higher education sector by broad
scientific field: 1996

Type of research & development Number of
Broad scientific field Basic Applied Development resgarch

% % % projects
Arts 64 24 12 87
Economic and business sciences 43 39 18 369
Engineering sciences 29 44 27 473
Humanities 67 25 8 1256
Medical & health sciences 34 50 16 696
Natural sciences 53 37 10 1746
Social sciences a7 38 15 1502
Average of all research projects 48 37 15
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3.4.2 Expenditure on resear ch and development

Approximately athird (R1.1 billion) of research and development in the country is funded by

the government.

More than half of the government expenditureis directed at three sectors — agriculture, the
mining and metal industry, and manufacturing. This high proportion is due largely to the levels
of expenditure at three of the science councils — the Agricultural Research Council, Mintek and

the CSIR. These are all orientated to serving the wealth-generating sectors of the economy.

The analysis of the expenditure by sector creates the impression that the priorities are ill those
st by the past and do not reflect the national socio-economic concerns of the present

governmen.

While the survey analyses the trends in research and development expenditure and makes some
international comparisons, these need to be accepted with caution asthey include only estimates
of research and development figures for the business sector. The figures for this sector

probably include a large portion of expenditure on industrialisation and other areas that should

not be included in the classical research and devel opment analysis.

The data indicate that there is probably a need for greater capacity for basic research in the
natural sciences and engineering within the higher education sector in order to prepare the
country better for the challenges ahead. The consequences of eroding the basic research

capacity in these areas at this stage of the country’ s development would be severe.

3.4.3 Research collaboration

The report also analyses patterns of research collaboration within the higher education sector
based on the authorship of research papers published. It found that 29% of publications had
multiple authorship, 28% of the funds obtained were in the form of joint funding, 27% of
publications had interdisciplinary collaboration, and only 21% involved collaboration with a
non-educational ingtitution. However, 13% of the works were multi-sector, meaning that co-

workers were from various sectors, including business and ingtitutions abroad.

35



National Resear ch and Technology Audit

Mogt inter-ingtitutional collaboration isin the field of basic medical science, based on the
authorship of joint publications.

3.4.4 Conclusons

The survey generated a wealth of information about scholarship and research and devel opment
within the South African science and technology system. The picture that emergesisof a
system that comprises a diversity of research cultures and practices. It demonstrates strong
capacity in a number of sectors and fields, clear divisions of labour with regard to type of
research and research output across scientific fields and ingtitutions, definite patterns of
research collaboration, and established strengthsin certain niche areas. It is also a picture of
‘imbalances’ in capacity and output, and weak inter-ingtitutional and inter-sectoral
collaboration.

There are a number of warning signals. a decline in expenditure on basic research over the last

five years, weak inter-sectoral collaboration, and non-alignment of expenditure with socio-

economic priorities as far as application is concerned.
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35 TECHNOLOGY BASE OF THE BUSINESS SECTOR

Survey of the Technology Base of the South African Business Sector
Access Market International (Pty) Ltd and MTA Consulting (Pty) Ltd

Terms of reference

The survey was carried out to determine the extent to which private firms and public corporations
within 17 technology-driven business sectors of South Africa invest in research and development and
rely on, or benefit from, external funding. It also set out to identify the extent to which these

companies were competing internationally.

Research design

There were several stages in the research design:

?? The Standard Industrial Classification (SIC) was used to highlight the sectors of the economy that
utilise technology to produce products.

?? Representative sampling established that some 1 260 companies would constitute the broad
sample for a fully representative picture to be obtained of the technology base of the South
African business sector. Since only significant companies were to be considered, some 313
companies were selected for interviews.

?? A business survey questionnaire was developed by a specialist technology task group, pilot-tested
and analysed prior to being used on the sample of companies selected for interviews.

?? A series of buy-in interviews was conducted in conjunction with the audit management and

consultants.

The activities of the business sector can be categorised in terms of the following four areas of

activity:

?? continuous process industry (typical of processing and resource-intensive industries)
?? discrete product industry (typical of assembly and complex factor industries)
?? information industry

?? service indugtry
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Thefirst two are the major drivers of the South African economy, while the last two are
primarily dependent on the successful and active outputs of the first two. The information and
service indugtries are not further discussed as the survey concentrated on the agriculture,

mining, manufacturing, construction and energy sectors of the bus ness sector.

The sample sizes per SIC sector used in the survey were small. The analytical task team for the
audit therefore grouped the SIC sectorsinto broader sectors— namely, the continuous process
and the discrete products sectors — to create a larger database for analysis. These groups were
broadly classified into discrete product and continuous process sectors according to Table
3.5.1. Whileit isrecognised that these allocations are not pure, they do give sufficient
information to understand the research and technology thinking and strategies in the two major

sectors.

Table3.5.1 Industry sectors

INDUSTRY SECTORS

Continuous process Discrete product

Agriculture Rubber and plastics

Mining Civil construction

Base metals Textiles and footwear

Pulp and paper Electrical and electronic
Power generation Medical and pharmaceutical
Petrochemicals Automative and transport
Glass and non-metallic Metal products and machinery
Food and beverage Defence

Water

3.5.1 Discrete product industries

The nature and context of discrete product industries

Discrete product industries are those which produce outputs that are usually sold as individual
items, such asamotor car or ateevision set. The products are usually complex manufactures,
produced as an assembly of many different components and frequently made from many

different materials. They are therefore sometimes referred to as complex manufactures.

Competitiveness in the discrete products industry comes from product design, process
technologies, industrial engineering and marketing. The international trend is away from
inflexible mass production of standard products (for example, the Modd T Ford) to an

optimum batch quantity of one (for example, the customer-specified options for a motor car).
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Computerisation and mechanisation of the manufacturing and assembly processesis leading the
drive in competitiveness, except in those products where there is a high engineering content.
Products that are material intensve and produced in South Africa to international sandard
specifications do not seem to be competitive. An example is the sandard low-voltage dectric
motor which needsimport protection and is not exported. However, high-voltage electric
motors, which are usually engineered to meet a customer’ s specific requirements, are

competitive and are being exported.

Where investment in design and technology has been significant, internationally competitive
products have been achieved, for example, systemsin the defence industry such asthe G5 and
G6 artillery.

The countries that have recently become economically successful tend to be those which have
few natural resources and which have been able to achieve success through the application of
science and technology to the discrete product industries to convert materials into competitive

complex manufactures.

Performance of discrete product industries

Table3.5.2 Relationship in discrete product industries between research &
development and exportsto sales: 1996/97 (indicative)

Industry Rubber & Civil con- Textile & Electrical & Medical & Automotiv Metal Defence
plastics struction footwear electronic pharma- e& products &
ceutical transport machinery
R&D to sales (%) 0.26 0.20 2.00 0.73 10.20 211 1.90 18.00
Exports to sales (%) 3 4 10 1 4 12 12 18

Intheleve of research and development spend to sales, aswell asin the portion of output
exported (Table 3.5.2), the discrete product industries are dominated by the defence industry.
Thisindustry has an extremely high product focus and has been through the experience of

being denied access to imported technol ogies.

It is significant that the area with the highest tariff protection — eectrical and electronics — has
the lowest export achievement. The metal products and machinery sector also usesa
protectionist strategy, but achieves a good level of exports by means of a reasonably high

investment in research and development.

Technology strategy
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Research and technology strategies within the various discrete product industries differ,
depending on the type of ownership, the source of technology, and the individual company

dtrategies for research and devel opment.

Asshown in Table 3.5.3, however, discrete product industries show a strong orientation
towards investing research and development resources in product technol ogies. Two sectors,
rubber and plastic and textile and footwear, focus to a significant extent also on process
technol ogy; this may be because significant portions of both these sectors are actually

continuous process industries.

Table3.5.3  Technology strategy of discrete product industries: 1996/97

Industry Rubber & Civil con- Textile & Electrical & Medical & Automotive Metal Defence
plastic struction footwear electronic pharma- & transport products &
ceutical machinery

Direction of R&D
investment

Product (%) 37 60 45 74 75 61 80 94
Process (%) 41 25 42 11 18 18 8 3
Support (%) 13 0 1 10 0 8 6 2
Information (%) 9 15 12 5 7 13 6 1
Technology 49 5 67 45 89 62 54 11
outsourced (%)

Local (%) 14 0 5 2 1 6 4 4

International (%) 35 5 62 43 88 56 50 1 |

R&D externally 7 0 11 14 0 17 10 16
sourced (%)

Local (%) 3 0 2 14 0 17 8 16

International (%) 4 0 9 0 0 0 2 0 |

Thereisan overall lack of investment by discrete product industriesin process technology and
research and development, which is probably the result of South Africa’s being an indugtrial
colony (importing product and process technol ogies under regtrictive licensng conditions).
Thereisagreat need for more industrial engineering and production technology application and
research to offset this feature of the discrete product industries. This gap is exacerbated by a
lack of international competition and a shortage of skilled human resources with practical
experience. More will haveto be invested in thisarea if the industries are to retain their

position in an increasingly open market-place.
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In most sectors, there is a strong practice of outsourcing technology,™ with the medical and
pharmaceutical sector outsourcing 89% of its technology requirements and most of the other
sectors outsourcing between 40% and 70%. The exceptions are the civil and congtruction
industry at 5% and the defence industry at 11%. In all cases, mogt of the technology is
outsourced internationally. The high imported content of outsourced technology is probably due
to the importation of production machinery, the local machine tool industry being very
underdeveloped. This represents a massive challenge for a long-term sustainable manufacturing

technology base.

In all the sectors, the amount of research and development that is externally sourced™ is small.
Two sectors — civil and congtruction and medical and pharmaceutical — outsource no research
and development locally, while the automotive and transport sector externally sources 17% of

its research and devel opment capacity.

In the discrete product industries, the research and devel opment is often in-house because of the
competitive nature of the products. Product technologies are essential to retain market position
in the market-place. However, there must be room for more external sourcing of research and
development by these sectors in the pre-competitive arena and in the face of increasing

international competition.

Mogt of the externally sourced research and development is placed locally, with a very small
amount going abroad, except in the case of the textile and footwear sector, where 9% of

research and development effort is sourced from abroad.

Three of the sectors— the electrical and eectronic, the medical and pharmaceutical and the
metal products and machinery sectors— show a tendency to patent their research and
development outputs, stressing the reliance on technology to create product differentiation in
the market. The production and publication of trade articles are extensve in the el ectronic and
electrical and in the metal products and machinery sectors, where the market tends to comprise

technical cusomers.

10 Outsourcing technology occurs when companies purchase technology from another source and do not have
ownership of it.

! Externally sourced research and devel opment occurs when a source outside the company performs the research
and development and the company obtains ownership of the outcomes.
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With regard to the limitations on more research and devel opment commitment, the most

common reason given is the lack of available funding to do more.

3.5.2 Continuous process industries

The nature and context of continuous process industries

Continuous process industries are those that produce commodities which are measured in units
of volume, mass, length and area. Often the prices have well-established international
benchmarks against which these industries compete globally, and they thus have to ensure
ongoing process innovation against very clear product specifications. Product development is
driven by local conditions of raw material supply. A sgnificant South African example wasthe
development of alow-chromium gtainless sted (3CR12) in the late 1970s and early 1980s by
the then Midde burg Steel and Alloys (now Columbus), with the assistance of universities and
science councils. This product has become a replacement product for mild steel in a number of

applications locally and globally.

Continuous process industries globally are making increased use of integrated modelling and
smulation to optimise plant and market performance. Complex mode s have become more
tractable with advances in computing power, and data have become available on-line from
computer-based control systems. At the leading edge, real-time smulation models are used to

dynamically improve plant performance.

Theseindustries are gtill dominated largely by economies of scale, although there are notable
exceptions (for example, mini-mills for steel-making). The underlying economics of commodity
markets have led to forward integration in firmsin this sector, with an increasing emphasis on
speciality products. Plant-life extension, integrated asset management and optimisation of plant
operational and maintenance cycles are sources of competitive advantage in continuous process

industries.

Performance of continuous process industries

The continuous process industries generally perform much better in export markets, with lower

investment in research and development. In fact, the sector with the highest research and

development to sales ratio — agriculture — performs the worst in export markets. However, all
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these figures need to be read with an understanding of how they were derived. For example,
South Africa has a policy of beneficiation, which should serve to reduce the exportation of the

outputs of the mining sector and increase the exports of downstream industrial sectors.

Table3.54  Relationship in continuous process industries between resear ch &
development and exportsto sales: 1996/97 (indicative)

Industry Agriculture Mining Base Pulp & Power Petro- Glass & Food & Water
metals paper Generation chemicals non- beverage
metallic
R&D to sales (%) 15 13 0.5 0.6 0.2 0.6 0.6 0.2 0.1
Exports to sales (%) <1 27 54 27 2 15 4 19 0
Technology strategy

The continuous process sector shows evidence of very sound capacities for sourcing and
adopting process technol ogies. With some exceptions, process technologies in South Africa
have been largely imported, but there have been notable innovations at the level of specific unit
operations in some industries. Thereis a strong focus on productsin the research conducted by
sectors with strong forward integration. Sectors facing environmental constraints focus

appropriately on support technol ogies to address environmental impacts.

In a number of sectors, the research and devel opment and technology Strategies are
disconnected from the national science and technology system and, ironically, intimately linked
to international sources (Table 3.5.5). Local indtitutions are therefore not generating the
capacity to support innovation in continuous process industries, and their research needs are
not being directly addressed. Although thisis evidence of the internationalisation of technology
in the process sectors, it also indicates the devel opment of a dependence on suppliers from

abroad as a result of the science and technology system’ s lack of strategic focus on their needs.
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Table3.55  Technology strategies of continuous process industries: 1996/97

Industry Agri- Mining Base Pulp & Power Petro- Glass & Food & Water
culture metals paper gener- chemicals non- beverage
ation metallic

Direction of R&D
investment

Product (%) 100 9 9 38 8 46 82 49 75
Process (%) 0 72 55 26 65 35 8 50 18
Support (%) 0 5 28 35 0 17 7 2 0
Information (%) 0 14 8 0 0 2 3 4 7
Other (%) 1 27
Technology 77 56 62 50 65 59 57 46 100
outsourced (%)

Local (%) 41 32 2 4 15 3 0 22 100

International (%) 36 24 60 46 50 56 57 24 0
R&D externally 39 30 36 0 20 7 16 11 -
sourced (%)

Local (%) 37 29 11 0 12 5 16 4 -
| International (%) 2 1 25 0 8 2 0 7 - |

Considerable resources are available to the agriculture sector in terms of both technology and
research and development. The research function tends to be academically rather than market
orientated, and it appears that research and devel opment and technology sourcing are mostly

not viewed as prime bases of competitive advantage in this sector.

Capacity and productivity

Most export-oriented sectors show indications of the effective utilisation of science and
technology in support of core process technologies. Those that have strong export markets have

the clearest grategic intent with respect to technology and research and devel opment.

The petrochemical, base metal and pulp and paper industries show a strong commitment to
protecting intellectual property rights, which represents a measure of the utility of research,

both in terms of the relevance of the work and its quality.

Given the level of research and devel opment spending in most sectors, there is evidence of good
appropriation of benefits in the sectors with export markets. These sectors face global
competition in commodity markets and utilise science and technology inputs well. It is
interesting to note that these sectors regard insufficient funding as the primary constraint to
doing more research and devel opment, rather that the unavailability of suitable personne or the

lack of aresearch culture. In the agricultural sector, by contradt, the lack of a misson-
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orientated research culture and the unavailability of skilled people are asimportant deterrents
asthelack of funding. (Asindicated, the research culture in the agricultural sector isdriven

essentially by academic values.)

3.5.3 Technology management

The following points raised in the report reflect on the management of technology in the

business sector:

?? The business sector generally employsinformal technology management. Poor strategic
management of technology isevident at all levels of the science and technology system,

including the bus ness sector.

?? People represent a condraint (although never a primary congtraint) in a number of sectors,
suggesting limitationsin the type or number of science, engineering and technology

personnel available to the business sector.

?? Thereisno clear strategic technology focus in information technologies, and this represents
ether serious undercounting in the review process or (more likely) an underestimation of the
influence and impact of information technology on traditional science and technology

activities,

?? The most frequently quoted barriers to increasing expenditure on research and devel opment
were the following:
?? lack of funding
?? lack of ideas
?? “no specific barriers’
Given that funding levels are already low in the majority of sectors, these sentiments
indicate a very low commitment by business management to innovation. This could well be

due to the lack of strategic management of technology in most of the business sector.

?? There does not appear to be any significant relationship between research and devel opment
commitment and export performance, but it is clear that the product focusin research and
development investment by the defence industry has produced internationally competitive
products. It has at the very least proved that research and devel opment commitment locally
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can yield results equal to the best in the world. The notable lack of exports from the
electronics and dectrical sector may be due to the sample of companiesincluded in the
survey, but the results are nonetheless very disappointing.

?? On the whole, South African firmsinvest limited resources in research and devel opment
compared with their competitorsinternationally and tend not to externally source their
research and development. These features are probably characteristic of the culture of local
industry. They need to be addressed as they are not conducive to creating a more
internationally competitive industrial sector.

3,54 Characteristics of and trendsin industry

The audit was able to collect a significant number of data on the technological activities of the
business sector. The surveys allow the development of new insights into the technol ogical
activities of the nation and the effectiveness of research and development output nationally and

internationally.

Although mogt of the data collected were of a snapshot nature, some significant trends were

identified by correlation with previous studies commissioned. The significant trendsinclude;

?? Technology orientation

A perdstent divergence between the research and development outputs and the technology

inputs of companies suggests that in many cases, the management of technology is not a

priority.

?? Poor linkages and networks

A focus on in-house capability to perform research is developing at present in most sectors.
(Fig. 3.5.1 indicates that 67% of research and development expenditure is performed in-house
by companies.) The global trend is towards the formation of joint ventures and the external
sourcing of certain types of research. Thereisonly alimited level of collaboration between the
science and technology infrastructure and business entities in the continuous process industrial
sectors. The low levels of collaboration limit the possible benefits of technology transfer and

innovation and inhibit competitiveness. In certain industries (for example, sugar), regional
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clusters have devel oped through the integration of the science and technology infrastructure
with local indugtries. The result has been that industry has attained a strong, globally
competitive position facilitated and sustained by innovation-based technology transfer.

Fig.35.1 Destination of research and development expenditure: 1996/97

Performers of research and development in the business
sector

Corporate
14%

S&T institutions
8%

Corporate INTERNATIONAL
7%

S&T institutions
4%

SOUTH AFRICA

Within company
67%

While thereisa good variety of ingitutionsin the science and technology system, there are few
linkages across sectors and little evidence of significant levels of shared objectives among

higher education ingtitutions, science councils and the business sector.

Business sector research ingitutes — where they exist (all these research ingitutes serve
continuous process industries) — are too small to tackle the challenges presented by the
information age, the transdisciplinary approach to science and technology and the continuous
renewal and transformation of the science, engineering and technology human resource base.

However, business sector research ingtitutes do have excellent domain-specific knowledge.

The lack of good networking inhibits the development at programme and project level of the
intellectual critical mass required to solve the challenges presented by the information age and
to recognise the reality of the new modes of knowledge generation and management. This
Stuation indicates the limited ability of the science and technology system to be fully

productive and relevant in terms of outputs.
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?7? Market alliances with the science councils

In contrast with the business sector research ingtitutes, the science councils often have the
capacity to provide technology and specialised services but lack market- and/or sector-specific
linkages and legitimacy. This hinders the effective transfer of technology and research outputs.
Improved linkages between science councils and business sector research ingtitutes and between
science councils and industry in general are essential and should be actively fostered to their

mutual benefit.

?? Systemic issues that impact on the business sector

The higher education sector is devel oping linkages to the business sector through the
Technology and Human Resources for Industry Programme (THRIP)* and the Foundation for
Research Development’ s directed programmes, but these initiatives should still be considered
embryonic in relation to the scale of the challenges. The potential benefits of such linkages,
such as more relevant programme and project outcomes and more productive human resources
for the market, can only be obtained once the system embraces the linkages in a positive

manner.

Some sectors have no local research or technology capacity. This pointsto alack of technology
development, fusion and deployment capacity in these industries, leaving less potential for
innovation-led economic growth. Poor industrial and production engineering research,
technology and innovation are evident in the discrete indugtries, but there is a positive level of

industrial spending overall on product development initiatives.

2 The THRIP partnership scheme provides research funding to higher education institutions on a matching grant
basis by industry and the Department of Trade and Industry. The THRIP programme is managed by the
Foundation for Research Devel opment.
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35,5 Conclusion

?? The survey used the following eight stages of a product life cycle devel opment process to
provide an indication of where the effort of the business sector was concentrated:

i) ideageneration —

ii)  research and development

iif) prototype development Innovation

iv) design

V) industrialisation® —
vi) manufacture
vii) salesand marketing

viii) maintenance and service

In the business sector, only one third of the total innovation activity isin research and
development. Twice as much effort is put into the other stages of innovation — activities (iii),

(iv) and (v) —asis put into research and devel opment.

?? Direct spending on innovation was R1.6 billion for the 177 firms that provided information
on spending. For every rand spent by business on research and devel opment, two rands are

spent on the other stages of innovation.

?? Notwithstanding this activity, industrialisation is rated lower than research and
development, prototype development and design, suggesting that product development is
incremental rather than quantum in nature and that there is limited attention to new
production processes. This confirms the view often stated that South Africais till
dependent on embodied technology importation to establish manufacturing capacity.

?? There areindications of a need to strengthen technology management, as a disparity of

approaches and levels of sendtivity to technology was found.

?? Sectoral, inter-sectoral and cluster technology networking is weak.

B Industrialisation is the process of converting a development of a new product or process into the production
activity.
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?? The need for greater process focusin research and development and technology activitiesin
the face of international competition will require new spending by industry rather than
substitution of current spending. This provides an opportunity for research and technology
consortia to contribute to important process technology issues and information technol ogy.

Fig. 3.5.2 showsthat only 34% of research and devel opment investment is currently spent

on process technol ogies.

Fig. 3.5.2

Resear ch and development investment per technology type: 1996/97
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3.6 RESEARCH AND TRAINING EQUIPMENT

Survey of Research and Training Equipment in South Africa
Dr A. Pouris

Science Consultancy Enterprises

Terms of reference

The investigation was aimed at obtaining, organising and analysing data related to training and

research equipment in South Africa.

The exercise had two components:
?? to collect the necessary data for the National Research and Technology Database
?? to cast light on policy and management issues related to research and training equipment at a

national level in the country

Research design

?? Higher education institutions, research councils and other government research establishments
were surveyed using a census approach. Businesses were approached on a sample basis by

another consultant.

?? A questionnaire was piloted with a number of institutions, approved by the management of the
audit and distributed to higher education institutions, research councils and government
departments (2 700 were distributed). Each institution was surveyed individually. The
guestionnaire was divided into two parts:

?? the adequacy and need for research and training equipment

?? an inventory of the available items of equipment

?? A number of institutions were visited to improve response rates and to gain first-hand experience

of issues related to research and training equipment.
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3.6.1 Main findings

The main findings of the investigation were:

1. Thereare 2 168 items of research and training equipment, with a value in excess of
R80 000 per item, recorded in the database, of which:

?? 966 items valued at R1.12 billion were at science councils

?7? 884 itemsvalued at R376 million were at universities

?? 202 items valued at R40 million were at technikons

?? museums and government departments declared 118 items of equipment valued at R256
million

?? the two most expensive items are the National Accelerator Centre (R500 million) and the
medium-speed wind tunnel at the CSIR (R125 million)

2. Theage profile of the equipment (Table 3.6.1) shows that, while 33% of the equipment is
more than ten years old, 838 items of equipment, with a value of nearly R1 billion, were
added to the national stock between 1991 and 1996.

Table3.6.1  Age profile of equipment in South African higher education institutions,
science councils and gover nment depar tments

Year of purchase Number of items of equipment Replacement value
R (million)
1991-1996 838 895.4
1986-1990 432 322.1
1981-1985 273 2111
1976-1980 175 166.2
before 1975 183 115.8

3. There appearsto be a heed to give attention to the renewal of parts of the equipment base.
The Analytical Task Team for the National Research and Technology Audit recommends
that, where necessary, the replacement of equipment should be incorporated as part of the

budget of research programmes and funding agencies.
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3.6.2 Collaboration

The survey identified that a reasonable amount of egquipment was used by outside parties. This
practice could be expanded by requiring ingtitutions to collaborate in the acquisition of large-
scale equipment in the future.

3.6.3 Planning and management

Planning and management of research and training equipment are essential on a life-cycle bags.
The science councils have good financial practicesin thisregard, but higher education
ingtitutions do not have any central systemsin place to assist planning or the generation of
reserves for future purchases. The remaining organisations should consider introducing such
systems.

3.6.4 Business sector

The information gathered from the sample of the business sector on its research equipment
shows signs that the sector is very dependent on suppliers of equipment from abroad. However,
the survey data could be complemented by enlarging the database to include equipment in all
the major research-performing organisations in the business sector.

3.6.5 Conclusion

South Africa needs better strategic integrative management of research equipment.
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CHAPTER 4

IMPLICATIONSOF THE FINDINGSOF THE
NATIONAL RESEARCH AND TECHNOLOGY AUDIT

41 TECHNOLOGY AND THE FUTURE

Thissection is based on the study Scoping Socio-economic Trends in South Africa: a
Technological Perspective.

Scoping Socio-economic Trends in South Africa: a Technological Perspective
P.H. Spies
Institute for Futures Research

University of Stellenbosch

Purpose and subject of the study

A reconnaissance of the general societal conditions under which, and for which, technology
development in South Africa must be planned.

The focus is on the economic, social and environmental trends that are shaping South Africa’s future,
on the stakeholders in technology development and on how technologising the society should be

managed as a means of human upliftment.

4.1.1. Technology

Technological change has been a major driver of growth in the global context and should bein
the South African context. Technological development isa key to social and economic
development. One cannot successfully have any one without the others. Research has confirmed
that technological change has been one of the more important components of productivity

increase and of the growth of modern economies.

In the global market, the most successful nations are those that have a culture of and

infrastructure for technology learning and innovation. The nations that are least successful are
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those that rely solely on exploiting natural resources to survive in the highly competitive global

market-place.

Any country, and particularly South Africa, needs a strategy to create science and technol ogy
awareness, science and technology literacy and awork ethic that places an important emphasis
on competing in the high technology sectors globally. At present, the focus of the S& T policy
debate is on the structure of science and technology-related ingtitutions, but it should be moved

rapidly into plans of action for the nation as a whole.

Thereisacloselink between national competencies and national development, and that isthe
growing importance of technological innovation as a Strategic resource. Unless a country
makes a determined effort to become innovation-driven, it will not be able to compete
effectively in global markets, and will not be able to generate wealth and raise the slandard of

living of its citizens.

The barriers to innovation are ailmost never technological in nature — rather social, palitical,

financial and economic. The primary barriers are considered to be:

?? the structure of society itsdf, the sate of human devel opment and the inequality of the
inditutions

?? the reward system of society

?? the attitudes and concepts of the labour force

?? the political forces that influence the overall economy

?? thelack of demand for quality products and services

It is noted that taxation, finance and competition also affect innovation. The political forces
that create an innovative climate include the presence of scientific and technological know-how
as manifested in research and development ingtitutions and educational ingtitutions. Obvioudy,
an additional factor isthe presence of investors with money for investment, as well aswith

technical understanding and expertise.

The major competitive advantage today is the ability to learn and to apply knowledge faster
than competitors are able to. Knowledge and information are resource flows that are embodied
in human potential. This creates powerful regenerative capacities within society. In today’s
world, ‘achieved’ (created) competitive advantage is more critical than ‘given’ (natural)
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comparative advantage. It is generally accepted that a modern economy is primarily dependent
on its executive, professional and highly skilled classes for continued innovation, long-term
competitiveness, sustained economic growth and development. The knowledge and skill of the
South African population are altogether inappropriate for a country that aspiresto becoming an
industrialised nation.

41.2 Thefuture

Themain drivers of the current and future scenarios are firgtly the global patterns of change,
secondly the regional patterns of change in southern Africa, and thirdly the forces within South

Africathat are driving current trends.

South Africa’ s long-term economic prospectsin a post-industrial technological world are
decidedly bleak unless the vexing problem of the poor status of human devel opment can be
solved sufficiently and rapidly. The major areas are population growth, housing, health care
and education. The additional pressure of urbanisation creates problems of housing and
sguatting, water and sanitation, waste digposal, pollution and transport. These are all areas that

do have, inter alia, technological solutions.

The pressures on the natural resource base are great, as there are much deeper problems,
requiring greater commitment of resources of research and technology for their resolution.

Some of these are;

?? the sharp declinein South Africa’s per capita food production since 1980, with the
likelihood of deficitsin food production by about 2010

?? the anticipated per capita declinein cropland from 0.31 hain 1996 to 0.20 hain 2026

?? the anticipated per capita declinein the availability of fresh water from 1 140 m*at present
to 760m’in 2025

South Africais a water-scarce country, and the pressure from the population and industrial
growth is mounting. The challenge will be to use cresative strategies for both agricultural
development and water resource optimisation. South Africa’ s capacity for food and fibre
production has already reached a ceiling with present-day technology. Thereisaneed for a

food policy to address the emerging food crigis. It is claimed that for sustained improvementsin
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agricultural technology, and thus also for technology-based increasesin agricultural

production, the operating environment of a developed economy is a necessary condition.

The long-term viability of mining in this country will be partly dependent on continuous
technological innovation in the industry and the devel opment of the general competitiveness of

the South African economy.

These are some of the economic problems facing South Africain the future. The science and
technology system can and will have to make a significant contribution to their resolution. This
will require a more efficient, effective and relevant science and technology system working
within the framework of a national system of innovation, and directed primarily at contributing

to solving the problems facing us.

More importantly, the policy aim of the development of a science and technology system for
South Africawill have to be a*human plus approach, which means that technology is
embodied in the competencies of the South African population. Technology is an inclusive
process, it is human development. A devel oping society in today’ s world is a ‘technologising’
society. Technologising therefore implies the upliftment of people — a process of capacity
generation in which people are developed in order that they can benefit in full from the fruits of
modern technol ogy.

The future is not predetermined; it is out there for the making.

4.2 EXAMINATION OF THE REALITIESOF THE SCIENCE AND
TECHNOLOGY SYSTEM

The primary function of the science and technology system of South Africaisto makea
contribution to the future of the country in dealing with the problems facing us and the need to
grow the economy. Any examination of the syslem must be againgt this background, and all

activities within the system need to be judged for:
?? relevance

?? quality

?7? effectiveness
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?? efficiency

These criteria apply to all outputs (that is, skills, knowledge, technology and devel opments),
which should be judged against the needs and requirements of the business sector and the social
devel opment sector, asindicated in Fig. 2.1 on page 8.

421 Rdevance

The relevance of research can be considered in two separate but related ways. The first isthe
extent to which research addresses the most pressing issuesin a particular field, irrespective of

the type of research, and the second concerns the type of research.

The data in the audit seem to indicate that the science and technology system is moving
increasingly towards relevant types of research, or application-driven research. In thisregard,
the most noticeable indicator istheincreasng level of expenditure on development work and

the concomitant decrease in basic research.

While the above observation could be seen as a positive indication, caution against over-
optimism is needed. An analysis at project level remains to be undertaken to ascertain whether
projects are actually relevant in value and in terms of the national objectives and the consequent
demands on the science and technology system. Such an analysis can only be undertaken once
all the aspects of programme and project relevance have been established. Thiswould have to
come from the breakdown of the national objectivesinto relevant programmes. It is apparent
from the findings that research projects conducted at higher education ingtitutions indicate that
a sizeable proportion are classified as applied research (up to 30 %). However, many of these
would be discipline-bound or generic in nature, and in all probability they do not directly
address the technological and information needs of national priorities or resolve salient

problems.
The audit surveys were not really designed to answer these questionsin any comprehensive

way, but the information presented would seem to indicate that the science and technol ogy

system is not coherently geared to address the critical problems confronting South African

SOCiety.

A fundamental shift in the relevance of research isthus required.
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4.2.2 Quality of human resources

The discusson of the issue of quality is based on the understanding that quality implies that the
output isfit for the purpose intended. In the findings of the survey of human resources, one of
the mogt important questions the audit answersis how appropriately trained the human
resource base is. While it is difficult to separate the roles of the respective main contributors to

the focus of training and research priorities, the following observations can be made:

?? Therdatively small proportion of graduates in fields such as engineering and rel ated
sciences callsinto question the appropriateness of the human resources delivery system,
given world-wide trends and the unique problems confronting South Africa.

?? Qualitative findings concerning the induction time required before graduates become fully
functional in the workplace reinforce the impression that too many new entrants to the job
market may not be optimally prepared for their new careers.

?? The asymmetric mobility of people between higher education ingtitutions and the business
sector would seem to indicate that the likelihood of making training more relevant to the
needs of businessis not favourable. The Technology and Human Resources for Industry
Programme (THRIP) and similar initiatives that encourage cross-sectoral and ingtitutional
collaboration therefore become all the more important. Functional systems of innovation are
characterised by the mobility and ‘ multiplexity’ of skilled resources between the
government, business, science councils and higher education sectors.

?? Thereis gill asignificant racial skewnessin the human resources outputs of engineering

and related sciences.

A better match is needed between the needs of the economy and the training and devel opment of

human resources.
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4.2.3 Effectiveness

In the present context, the criterion of effectiveness refers to whether the science and
technology system succeeds in attaining the goals of generating new and relevant knowledge,
devel oping technology and ensuring the continuity of the system by providing research

capacity. The audit suggests the following conclusions:

?? The system has produced a substantial volume of research outputs, although international
comparisons would seem to indicate that there is significant room for improvement, while
other functions, such asteaching in the case of higher education ingtitutions and marketing
in the case of science councils, appear to consume a disproportionate share of capacity.

?? If technology production is defined as one of the ultimate objectives of research and
development, the effectiveness of the science and technology system must be rated as
relatively low, both in terms of the absolute and relative number of technologies reported in
the surveys.

?? With regard to ensuring continuity through the provision of adequate research capacity, the

Stuation is complicated by the following considerations.

?? The higher education system provides an adeguate number of graduates, but the mix of
expertise needs to be changed so that more people are trained in engineering and related
sciences. Thiswould, however, require a fundamental reform of the education system,
especially at secondary level.

?? The prominent role played by the science councilsin their present form raises questions
with regard to the optimal use of ingtitutional infrastructure in their contribution to the
devel opment of research capacity.

?? There seems to be a one-way flow of human resources from the higher education
ingtitutions to the business sector. In the absence of proper strategic management, the
present somewhat impermeabl e boundaries between these two sectors could mean that
higher education ingtitutions will find it increasingly difficult to keep their research and
development capabilities.

?? Theinadegquacy and uneven availability of research equipment at higher education
ingtitutions gives rise to serious questions about the effectiveness and continuity of the

research effort.
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There needs to be a fundamental shift in the effectiveness of the whole science and technol ogy

system.

424 Efficiency

The efficiency of the science and technology system is the measure of the outputsin relation to
the resource inputs, such as staff, finance and equipment. While the surveys were not
gpecifically designed to measure efficiency, the information allows the following tentative

conclusions to be drawn:;

?? The system is not operating efficiently if the relatively unfavourable ratio of research output
to resource input is considered.

?? Thereisalack of research focus within higher education ingtitutions.

?? The low degree of inter-sectoral collaboration, which isnot a newly identified weakness, can
be regarded as a form of inefficiency in the collaborative use of resources.

?? The apparent lack of successin significantly increasing the number of science and
engineering graduates points towards an inefficiency (probably multidimensional) in the
system.

?? The apparent success with which scientific and technological breakthroughs have been
achieved in certain fields (such as defence, mining, metallurgy and the conversion of coal to
liquid fuels and chemicals) indicates that misson-orientated research leads to higher levels
of efficiency.

The science and technology system as a whole does not appear to be functioning at optimal
levels, and the success that South Africa has achieved in certain fields suggests that higher
levels of efficiency could be achieved, particularly through more mission-orientated application
of resources.

425 Statusof the science and technology system

The following conclusions can be drawn:

?? In general, the training of researchers by higher education ingtitutionsis of a high standard.

Thereis concern, however, that the general massification of the higher education sector,

which isrequired to correct imbalances created by the previous palitical dispensation, and
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the funding limitations could jeopardise research training in future and not provide sufficient
incentives for entrantsinto the science and technology disciplines.

?? South Africa has achieved international recognition in some science and technology fields,
but it isequally truethat it islagging far behind in others that may be important for
economic or social development (especially new interdisciplinary fields).

?? The normalisation of international scientific relations affords South Africa excellent
opportunities for research partnerships. However, the normalisation of relationsis already
exposing the strengths and weaknesses of the system, and thisislikely to intensify in the

future.

Despite the weaknesses of the science and technology system, there are a number of areas of
strength on which South Africa should draw if the system isto make a full contribution to the

economic and social growth of the country.

43 RESOURCING OF THE SCIENCE AND TECHNOLOGY SYSTEM

4.3.1 Funding the system

The prime resource of the science and technology system is funds. The funding for the system
comes from three major sources — the government, the business sector and the public. The total
funding of the system is estimated at R15.4 billion, and is tabulated in Table 4.3.1. The values
in thistable, particularly for the business sector, are the best estimates possible at present,

using the audit survey reports aswell as other research and survey documentation.*

4 Department of Arts, Culture, Science and Technology (1994). Resources for R&D 1993/94. Pretoria: DACST;
Foundation for Research Development (1996). South African Science and Technology Indicators. Pretoria:
FRD; Industrial Strategy Project/Foundation for Research Development (1997). Innovation Patterns in South
African Manufacturing Firms. Cape Town: ISP and Pretoria: FRD; LHA Management Consultants (May 1997).
The South African Science Budget Survey, Pretorias LHA.
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Table4.3.1 Funding of the South African science and technology system: 1995/96

R (million)
State 7370
Transfers 6240
Contract 480
In-house 650
Business sector 5550*
Contracts 250*
In-house 4300*
International (including royalties and 1000*
purchase of technology)
Other 3536
Higher education institution’s own income 3182
Non-government organisations 354
Less funds sent out of South Africa (1000)*
TOTAL 15456

* Estimates
The government commitment — which was R7.37 billion for 1995/96 — was made by way of

transfers (R6.24 billion), contracted work (R0.48 billion) and internal departmental expenditure
(RO.65 hillion) by a number of departments; the major ones are listed in Table 4.3.2.
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Table4.3.2  The science and technology budgets of major gover nment departments:
1995/96
Government department Total Transfer Contract In-house
R (million) R (million) R (million) R (million)
Education 4273 4273 - -
SA National Defence Force 529 135 365 29
Mineral & Energy Affairs 437 371 22 44
Arts, Culture, Science & 409 392 6 11
Technology
Agriculture 324 292 2 30
Trade & Industry 312 298 - 14
Environment Affairs & 145 42 9 94
Tourism
Health 115 51 36 29
Labour 113 107 2 4
Central Statistical Service 109 - 7 102
Other departments 604 279 31 293

Source: LHA Management Consultants, The South African Science Budget Survey, May

1997.

The business sector funding had to be estimated for several reasons, the main two being that
only a sample of businesses supplied data on their funding commitment, and it is not always
clear what a business has spent on science and technology. However, based on the results of
177 firms that revealed an expenditure of R1.56 billion and on other research and survey
inputs, the business sector expenditure on science and technology is estimated at R5.55 billion
per annum. Mogt of this sum is expended within the business operations, for the most part for
the implementation of new technologies. It is estimated that R250 million is paid to other
ingitutionsin the system — notably the science councils and the higher education system — and
R1 billion is paid out of the country by way of technology licence fees and royalties and the

purchase of technology.®

The remainder of the funding is the higher education ingtitutions own income from student fees
and other income, totalling R3.2 billion, and non-government organisation funds of R354

million.

5 Reserve Bank, pers. comm.
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4.3.2 Activities of the science and technology system

The funds that enter the system are used in performing various activities dealing with
knowledge. These activities can be grouped into those that deal primarily with ‘known
knowledge and those that deal primarily with ‘new knowledge . The groups would be:

A. Known knowledge
?7? education and training

?? application and diffusion ( for example, standards)

B. New knowledge
?? developing or creating (research and devel opment)

?7? applying (industrialisation)

The activities of A focus primarily on preparing people and other resources either to be able to
create or apply new knowledge, or maintaining known knowledge for societal systems and
gructures. The activities of B, dealing with new knowledge, congtitute what is regarded as

innovation.

The activities of the science and technology system are performed by variousingitutions, some
of which deal with all the different activities of the system. The quantum of funds used for each
of the activities by each of the performersis shown in Table 4.3.3.

Thistableisto be used as a guide only asthere are a number of assumptions and estimatesin
the allocations, particularly in the business sector. The audit was not designed to account for all
expenditure in the science and technology system, and notable exceptions would be the spend
by the business sector on education (by education and training companies) and the application
of known knowledge (by consultants, for example). The table doesindicate that of the
approximately R15 billion spent on knowledge, about 55% is spent dealing with known
knowledge and 45% with establishing and applying new knowledge.

An analysis of these figuresindicates that about 75% of the innovation spend is by the business

sector. If the business sector funding of research and development in higher education

ingtitutions and science councils — estimated to be R250 million — is taken into account, it
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confirms previous findings that the business sector funds more than half of the total research

and development activitiesin the country.

Table4.3.3  Activities of the science and technology system by performer, in rand
(million): 1995/96

Performer Known knowledge New knowledge (Innovation) Total spend

Education Diffusion R&D Implementation

Higher education

institutions 7227 575 7802

Science councils 38 352* 728 352* 1470

Government 54 545 55 654

Other 39 668 141 848

Business 1551* 3100* 4651*

TOTAL 7358 1565 3050 3452 15425

* Estimates

4.3.3 Resourcesused in the non-business sector

Information gathered indicates that the funds spent for science and technology are allocated as

in the following diagram.

FUNDS

55%
PEOPLE

30%

CONSUMABLES

15%

FIXED ASSETS

The‘people’ group would be the actual performers of the knowledge generation or application,

together with the support staff of the ingtitutions. The ‘ consumables would be consumed

during the process, and the ‘fixed assets would be what are used by, or purchased for, the

system and remain after the completion of any activity.

The audit hasidentified that in the science and technology system (excluding the business

sector), over 70 000 people are employed. These people perform about 72% of the activity of

the system, the remaining 28% being performed by the business sector.

About 55% of the total funds of the system are used to pay for the people resource, while 15%

of the funds are used as expenditure on fixed assets and about 30% on consumabl es.
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The value of the assets used by the performersin the public sector is R8.7 billion. Comparable

figures for the business sector are not available from the audit.

4.4 CHARACTERISTICSOF THE SOUTH AFRICAN SCIENCE AND
TECHNOLOGY SYSTEM

This section discusses the characteristics of South Africa’ s science and technology system as
inferred from the surveys conducted for the audit. While some of them may at first appear to be
somewhat salf-evident, that should not detract from their fundamental importance. These

findings could inform policies designed to revise the science and technology system.

44.1 The science and technology system is an open system

Science and technology congtitute an open social system of interdependent subsystems, which
complies with Gibbons's “ socially distributed knowledge system”.*®

4.4.2 Science and technology represent an important part of the national economic
system

The science and technology system, in terms of the number of human resources, annual
turnover and capital investment, represents an important part of this country’s economic

system.

18 Gibbons M. et al. (1994). The New Production of Knowledge: the Dynamics of Science and Research in
Contemporary Societies. Thousand Oaks. Sage.
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4.4.3 Thehuman resource base as primary condition for an effective science and
technology system

Given that a competent human resource base remains the primary necessary condition for an
effective science and technology system, mathematics, technology, physical science and
language abilities at secondary school level represent the Achilles hed of the preparation of
future generations of science, engineering and technology workersin general, and researchersin

particular.

444 Institutions

One of the main findings of the audit is that in comparison with other countries, South Africa
has a sufficient variety of ingtitutions within the science and technology system; a possible
exception is atechnical university. The implication of thisfinding isthat thereisno need for
dramatic interventions at the ingtitutional level in terms of closing down ingtitutions or funding

the development of new major types of ingtitutions.

445 Gapsinthe system

Within the science and technology system, ‘gaps’ exist because of the differing dynamics of the
business environment and other research and higher education ingtitutions that comprise the

science and technology system.

Evidence from the audit suggests that the transfer sciences that enable bridging such gaps are
at an embryonic stage in South Africa, and to a certain extent declining in spite of a very low
base. Thisis due to a culture which encourages learning based on individually driven interest at
the expense of collaboration and network-driven knowledge generation. An example of such a
gap isthe limited productive capability of science, engineering and technology graduates on

exit from higher education ingtitutions.
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4.5 SUITABILITY TO MEET FUTURE NEEDS

45.1 Therole of government within the science and technology system

It isimportant to recognise that the role of government should be congruent with internationally
accepted practice and should take into account the peculiarities of the current realitiesin South

Africa

Based on this undergtanding, the government has the generic role of:

?? establishing the structures to run the system

?? alocating funds at the macro leve in line with priorities

?? designing instruments, such as special programmes, for achieving its objectives

?? drategically measuring and reviewing the impacts and outcomes of science and technology
programmes

?? edtablishing a regulatory regime for the system

A review of the findings of the audit suggests that the South African government is adopting a
low intervention approach. The key role which government should take isto set priorities for
the outcomes of the science and technology system, undeterred by the possibility that its
interventions may sometimes not be fully achieved. Such priorities are normally aligned to a
significant extent with the current national priorities published in various policy documents, as
well as medium- to long-term priorities associated with economic and industrial
competitiveness. In thisway, the government uses the science and technology system

grategically in achieving its policy objectives.

Another necessary function for government is to measure the effectiveness and efficiency of the
science and technology system on a continuous basis. It was found that the government is not
playing thisrole in the South African science and technology system. In an ideal situation, the
framework for measuring the system is derived from the demands on the system, and an agreed,
integrated, trangparent system of measurement isimplemented. Such a measurement system
does not exigt at present. The evaluation of components of the system can never subgtitute for

an evaluation of the system asawhole.
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The policy implication of both these findings is that the government, in partnership with the
stakeholders of the science and technology system, should strategically manage the science and
technology system in order to leverage the assets of the system to achieve medium- to long-term

national priorities.

Examples of such alignment and management of the science and technology system can be
found in developed and developing countries alike. The mechanisms that can be employed

include:

?? partnerships in acquiring, designing, constructing and equipping new manufacturing
industries

?? technology upgrading in the business sector (in other words, moving away from import
substitution to export generation or from labour-intensive to technol ogy-intensive products)

?? creating an educational system and an environment that foster the adoption and diffusion of

technology in order to facilitate technological |eap-frogging

Numerous studies show that it is more important for governments to focus on implementing
innovation structures and linkage programmes than on absorbing state-of-the-art technol ogy

(which the business sector will do more efficiently).

45.2 The science and technology system should be a demand-led system

One of the key findings of the audit isthat it is claimed that the priorities of the science and
technology system (as derived from ingtitutional programme activities and the allocation of
funds) are in line with national priorities as described within the policy environment. The policy
environment is o broad, however, that amost any activity within the system could be claimed
as meeting the national priorities. The national priorities need to be distilled into more precise

objectives againg which the relevance of the outcomes and outputs can be measured.

Government policy focuses on achieving major socio-economic and political objectives, and
policy documents cannot spell out any explicit priorities for the science and technology system.
For this system to be demand-led, there needs to be a linkage between the system and the
national policy objectives. Thislinkage hasto be strategically managed in order to establish the
priorities for the system, trandate them into actions and monitor the outcomes and outputsin

relation to thelr relevance.
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45.3 Dynamic changein knowledge production

One of the central implications for policy isthat in the future, industrial competitivenesswill be

dominated by the new value chain formed by data, information and knowledge.

Thisvalue chain offers South Africans the means of developing global competitivenessin
technological areas selected as national areas of specialisation. Another important reality of this
value chain is that the cogts of technological development and transfer are considerably lower
than the cost of the traditional research and development that characterise the current science

and technology system.

Two of the six pillars of the South African policy environment are the creation of an
information society and the generation of knowledge, and there are significant weaknessesin
the current science and technology system associated with these two pillars at ingtitutional and

systemic levels.

The policy implications of this major finding are that the science and technology system should
recognise the value of knowledge management and incorporate it into the activities of the
system in order to facilitate national technological devel opment. Some weaknesses of the
science and technology system can be diminated primarily by means of focused knowledge
management and transfer at programme and project level. The waysin which this can be

encouraged at various different levelsinclude:

?? encouraging outcome-based transdisciplinary cooperation involving higher education
ingtitutions, science councils and business

?? developing special technological programmes focused on the transfer of technology in order
to solve problems of national priority

?? linking funding allocation mechanisms to encourage new knowledge-intensive activities
relating to the information society

?? encouraging activities at the innovation interface, such as technology platforms, technology
demongtration programmes and technology diffusion projects (which are very poorly

developed in South Africa at present)

45.4 Scale and scope of the system
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A review of the findings of the audit consstently indicates that the level of investment in the
South African science and technology system has been declining in real terms and that thereis

sgnificant under-investment in view of current and future demands on the system.

Although it is recognised that some improvementsin the efficiency and productivity of the
science and technology system can be achieved by maintaining current levels of investment and
improving the management of the system, such improvements would not necessarily be

sufficient to meet the increasing demands.

The policy implication of the findings isthat thereis a need for a quantum increase in the level
of investment in the South African science and technology system. In order to ensure
congruence with the other findings of the audit, any increase in investment should be applied

drategically by:

?? contributing to a restructuring of the science and technology system so asto improve the
management and productivity of the system and align it with national priorities (especially
itslinkages)

?? optimally utilisng potential expertise

?? developing a national infrastructure for the management of knowledge

?? increasing the number of relevant human resources developed and trained by the science and
technology system

?? focusing new resources on technology platforms, and the demonstration and diffusion of

technology
455 Summary
This chapter has outlined the findings of the audit that have the most important implications for
policies designed to leverage the science and technology system to achieve national priorities.
The review indicates that the current science and technology system, although ingtitutionally

complete, does not achieve its maximum potential because of the lack of internal linkages.

4.6 STRENGTHS AND WEAKNESS OF THE SCIENCE AND TECHNOLOGY
SYSTEM
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4.6.1 Strengthsand weaknesses

One of the primary objectives of the audit was to identify the strengths and weaknesses of the
South African science and technology system. When measured againgt the reasons for having

the system, the following tables present alist of the identified strengths and weaknesses.

STRENGTHS

1. There is a well-developed infrastructure of institutions.

2. The existing science councils and the higher education sector have the potential to be strong participants in

the national system of innovation.

3. There is a core of skilled and knowledgeable people.

4. There is capacity within the science and technology sector to contribute successfully to national priorities.

5. There are pockets of international achievement in science and technology, which indicates the capability of

the nation’s human resources to achieve that level.

6. There are examples of successful mission-orientated research and development programmes.

7. The business sector is involved in technology uptake and application.

8. There are examples of technology achievement in the process industries.

WEAKNESSES

=

The system is not led enough by national demands and priorities.

2. The relevance and purpose of the research is not always clear.

3. There is a major mismatch between the needs of the economy and the human resource skills the system is

producing.

4. International and inter-institutional collaboration is lacking.

5. The responsiveness of the system is low; there is a lack of information technology familiarity in the system.

6. The system as a whole is not strategically managed.

7. Specialised research equipment is ageing, particularly at the higher education institutions.

8. The uptake of technology from local sources by the business sector appears to be weak.

9. The system lacks packages of locally developed technology due to the high level of technology imports by

local subsidiaries of international companies.

WEAKNESSES

10. The business sector generally employs informal technology management. Poor strategic management of

73




National Resear ch and Technology Audit

technology is evident.

11. The system as a whole is underfunded to ensure it is making the optimal contribution to the country’s socio-

economic growth.

12. The system has to operate in a society that is not ‘technologised'.

13. In the past, 85% of the population was systematically excluded as a potential source of human resources,

knowledge and expertise.

4.6.2 Strengths and weaknesses compar ed to the char acteristics of a functional national
system of innovation

In Section 2.3.3 of Chapter 2, the significant characteristics of a functional national system of
innovation are listed. Table 4.6.2 relates the strengths and weaknesses listed above to these
characterigtics. From this comparison, it is clear that most of our strengths are potential rather
than in full deployment, mainly because of alack of strategic management. There are even
some empty boxes under strengths, while under weaknesses, one or more islisted in every box.
This may serve as a guide to devising a strategy for the development of the South African

science and technology system. It provides a basis for the recommendations in the next chapter.
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Table4.6.2 Strengths and weaknesses of the South African science and technology system compared to the

innovation

CHARACTERISTICS OF A FUNCTIONAL SOUTH AFRICA’S STRENGTHS SOU1

NATIONAL SYSTEM OF INNOVATION
A Technology of local origin is embodied in packages, 9. The
reflected in end-user groupings. techn
impor
comp
B Innovation and technology projects are performed by 4. Inte
transdisciplinary (often international) teams. lackin
C All the competencies of strategic technology 6. There are examples of successful mission- 10. Tl
management are developed and employed to orientated research and development programmes. techn
manage the national system of innovation to achieve mana

national objectives.

D The national system of innovation operates within a 12. Tl
‘technologising’ environment, which enables ‘techr
relevance to communities and develops international 13.1n
competitiveness. syster

huma
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CHARACTERISTICS OF A FUNCTIONAL SOUTH AFRICA’S STRENGTHS SOU1
NATIONAL SYSTEM OF INNOVATION
The system is outcome-oriented and outcome- 1. There is a well-developed infrastructure of 5. The
driven. Outcomes are developed and agreed upon institutions. a lack
by appropriate stakeholder groups, ensuring long - 2. The existing science councils and the higher systel
term sustainability of the national system of education sector have the potential to be strong
innovation. Funding methods are outcome-based. participants in the national system of innovation.

3. There is a core of skilled and knowledgeable

people.
The strong, self-reinforcing linkages among 7. The business sector is involved in technology 8. The
business, government development agencies and uptake and application. (THRIP is an example). the bt
higher education institutions are enhanced through 11. TI
collaborative projects, sometimes sponsored by itism
government. socio-
The national system of innovation is managed as a 4. There is capacity within the science and 1. The
system with strategic high-level objectives and technology sector to contribute successfully to dema
performance measures based on national priorities national priorities. 6. The
aligned with the agendas of government mana

departments.
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CHARACTERISTICS OF A FUNCTIONAL SOUTH AFRICA’S STRENGTHS SOU1
NATIONAL SYSTEM OF INNOVATION

H The national system of innovation facilitates the 5. There are pockets of international achievementin | 2. The

technological and sectoral specialisation needed to science and technology, which indicates the alway

develop unique competencies and sustain capability of the nation’s human resources to 3. The

specialised technology. achieve that level. the ec

8. There are examples of technology achievement in | Produ

the process industries. 8. Sp

partic
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5.1

CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The audit indicates that the South African science and technology system is endowed with a

well-developed infragtructure of ingtitutions with good potential and a core of skilled and

knowledgeable people. There are pockets of international achievementsin both the business

sector and the social development sector.

However, there are some structural, organisational and societal weaknesses:

7

7

33 3

3

The system as awhole is not strategically managed.

The system is not led by national demands and priorities.

The relevance of much of the research is not clear.

Inter-ingtitutional collaboration and cooperation are poor.

Compared to countries with which South Africa has to compete, the science and technology
system is under-funded to ensure that it is making an optimal contribution.

Thereisamajor mismatch between the human resources outputs and the country’ s needs,
both in terms of demography and discipline.

South Africa’s people do not currently have the capacity to benefit fully from the fruits of
technological advance.

In general, the system lacks information technology familiarity.

The net effect isthat while the system has capabilities, it is not functioning optimally and is not

structured to maximise its contribution to meeting the national objectivesin the areas of

economic growth and social development.

5.2

Recommendations
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Based on the analysis of the audit information as background and recognising the determination
of government and its various organs to devel op an integrated approach to address the socio-

economic heeds of the country, the synthesis report makes four recommendations.

Recommendation 1

The strategic planning and strategic management of the national science and technology
system require a policy apparatus that will enjoy such a high degree of respect that
government, business and civil society, as key stakeholders in the national system of
innovation, will “take their cue” from it and adjust their activities to accord with its stated
objectives and requirements. This apparatus would then set the basic tone for the strategic
planning and strategic management of science and technology by ALL elements comprising
the national system of innovation and will inform the collective planning and management of
the national system of innovation. Such an apparatus must give purpose to the science and
technology system and, through incentives, remove conflicting interests that prevent or

inhibit the science and technology system from working coherently.

Recommendation 2

A coherent national human resource and skills development policy and accompanying
strategies should be developed urgently. Such a policy should aim to negate all the
undesirable features of historical policies, patterns and practices. The policy should ensure
that human resources and skills of appropriate quality and in appropriate quantities are
developed in accord with macro-economic policies and with a view to improving the human

development index.

Recommendation 3

A programme should be developed and implemented to technologise South African society,
as a sustainable process of re-creation and renewal that will include improving perspectives

and understanding by all its people.
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Recommendation 4

The information network, including the human utilisation capacity, should be enhanced to
serve the science and technology system and prepare the country for becoming a knowledge
society, thereby allowing the people of the country more effectively to communicate,

innovate and compete globally.

The synthesis report makes no recommendation for additional funds for the science and
technology system. The first priority isto ensure the coherent, effective and efficient use of

present and future additional funding.
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