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formedinresponse to the need for an Academy of Science consonant with the dawn
of democracy in South Africa: activist in its mission of using science for the benefit of
society, with a mandate encompassing all fields of scientific enquiry in a seamless
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This Report follows a request from the Department of
Science and Technology (DST) to the Academy of
Science of South Africa (ASSAf) for an independent
critical appraisal of the State of the Science, Tech-
nology and Innovation (STl) System in South Africa.

It follows and builds on two other system reviews, the
2007 Organisation for Economic Cooperation and
Development (OECD) Review of Innovation Policy
and the 2012 Ministerial Review Committee report on
the STl landscape. Most importantly, the Report con-
siders how the National System of Innovation(NSI) is
conceived of within the National Development Plan
(NDP) and the expectations that attach to its func-
tioning in this context.

The six chapters of the Report take stock of where the
country was in 1994, and where it is now, two dec-
ades after the first democratic election. The Report
provides a critical analysis of the NSI and, where pos-
sible, seeks to make better use of economic analysis
and draws on international experience to tease out
the issues. It identifies knowledge deficiencies and
offers some immediate recommendations and sug-
gested areas for future research.

Summary
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The main body of the Report starts with Chapter 2 that offers a précis of the evolu-
tion of innovation policy through its three phases since 1945: ‘the linear model’; the
‘firm-centric innovation system’; and the ‘whole economy innovation system’ ap-
proaches. International experience and good practice then points to five actions
that governments take to influence, manage and promote a well-functioning inno-
vation system: viz. framework conditions, knowledge workers, knowledge exchange,
knowledge infrastructure, and policy learning. These actions inform the remainder of
the Report.

Note is taken of various international metrics that characterise South Africa as a ‘fac-
tor-driven economy’ at a level similar to Brazil and Chile. A concern is expressed at
the country’s slippage on the Knowledge Economy Index (KEl), while believing that
there is cause for celebration in the good scores that some of the research universi-
ties enjoy. The above assessments indicate that if government policies pertinent to
innovation are out of alignment, the national innovation system will not prosper. This
is most clearly demonstrated in the Global Competitiveness Index (GCI): excellent
financial performance, but poor general education and hence low overall rank.

Chapter 3 offers a brief analysis of selected policies, strategies, plans and reviews
of relevance to the innovation system that have emerged since 1994. The object of
the analysis is to interrogate how the innovation system idea has been considered in
these various pronouncements — the Reconstruction and Development Programme
(RDP); the Growth, Employment and Redistribution (GEAR) strategy; Accelerated
and Shared Growth Strategy (AsgiSA); Joint Initiative on Priority Skills Acquisition (JI-
PSA); Biotechnology Strategy; Nanotechnology Strategy; National Research and De-
velopment Strategy; Ten-Year Innovation Plan; Industrial Policy Action Plan (IPAP);
science, engineering and technology institution (SETI) reviews; Human Resources De-
velopment (HRD) Strategy; National Research and Technology Strategy; OECD Re-
view; Ministerial Review Committee; Ten-Year Review and Fifteen-Year Review. The
Report agrees with the 2007 OECD Review comment that there was a lack of under-
standing of the broader concept of an innovation system since there was no cross-
cutting and authoritative source communicating a unified vision across government,
let alone to business. The NSI might be thus described as “pilotless’, a situation that for
better or for worse has barely changed over the last 19 years.

The National Development Plan (NDP) represents novel thinking about innovation. It
gives greater prominence to STl than any of the preceding policy documents and,
importantly, adopts and advocates a system-wide view of STl in relation to broader
society. It takes the concept out of the sole domain of the DST and considers it to
be relevant across government. In brief, the NDP considers the NSI as a vital means
for improving the quallity of life and improving economic competitiveness. It empha-
sises continuous learning, partnerships, networks, coordination and coherence as
essential for economic growth. Of utmost importance is collaboration among gov-
ernment, business and industry, research institutions, including science councils and
universities, as well as the public at large.

Any recommendations to re-energise the NSI cannot be seen in isolation from the
NDP, and innovation actually becomes a key enabler for many of its elements. The
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government’s acceptance of the NDP as the blueprint for the country over the next
20 years presents a unique opportunity to reposition the NSI by communicating cor-
rectly the significance of innovation and why it is important for the nation’s future.

The goals of the NDP, with its emphasis on the need for the NSI to serve the needs of
society, are aligned with World Bank conceptions of innovation. The key issue for de-
veloping countries is to strike the right balance between using and attracting existing
technology and knowledge, and adapting these to the local context, while simul-
taneously pursuing focused research and development, including that regarded as
‘frontier technology’, in domains where there is local advantage.

The next section, Chapter 4, provides quantitative evidence of the inputs to, and
outputs and outcomes arising from the innovation system. The characteristics of the
skills pipeline, from school to higher and further education, are presented, along with
interpretation of the time series of research and development (R&D) surveys. One
gains the view that there is no real overall shortfall of funds, but a more or less general
shortfall of R&D personnel.

Next follows data on research outputs (publications, citations), South Africa’s inter-
national standing and the steep rise in foreign co-publication. At this stage it is not
possible to ascribe a single cause to this escalation, and further research is needed
to determine the reasons and, more critically, whether the growth will be sustained.

The concentration of research output shows important shifts since 1994, with infec-
tious diseases emerging as a major research area, despite confusing signals previ-
ously emanating from the highest level of government.

On the other hand, the data on the inputs to R&D point to a system that is moving
to embrace the potential of all its people. The demographics of the science council
sector have shifted dramatically toward ‘African’ participation, even when bearing
in mind that ‘African’ includes many staff from north of the Limpopo River, a fact of
life that is true across the economy and society as a whole. In turn, this supply-side
failure pushes up the cost of labour, so that the growth in gross expenditure on re-
search and development (GERD) is strongly driven by salary inflation.

The innovation outputs — patents, trademarks, plant cultivars — reveal the following:

= South Africa’s high relative United States Patent and Trademark (USPTO) standing
in the 1980s has fallen; as a commodities exporter its profile is now similar to that
of Norway, not Korea.

< Domestic patenting shows a volume pattern similar to Malaysia, but is spread
among many institutions rather than being highly concentrated in the universities
as is the case in Malaysia.

= Our country continues to excel in the registration of plant cultivars.

< The technology balance of payments gap is not large by world standards.

In summary, the data suggest that the innovation system continues to display robust-
ness, but like the greater economy is not growing as fast as it should. All things being
equal, the stretch targets for human resources laid down in the Ten-Year Innovation
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Plan will be unattainable, and if these are unattainable, so too will be the stretch
targets for GERD:GDP, research publications and PhD production. Growth requires
people - their nurturing, retention and recruitment, from all communities, worldwide.

Chapter 5 provides further analysis and a synthesis, commencing with a concept
map of the research and innovation landscape. The choice of a concept map is
deliberate, as it is felt that a conventional tabular or matrix diagram does not reveal
the complexity of the landscape. It is of course recognised that research and in-
novation systems are dynamic, and in principle it would be valuable to depict this
time evolution using a software engine such as Gapminder™. Unfortunately, this lies
beyond our limited scope.

The evolution of science council mandates is then examined, followed by a discus-
sion of the innovation activities of firms, and the ways in which university research
capacity is supported. This leads to an analysis of the evidence of Innovation Survey
2005, the Global Innovation Index, and Global Entrepreneurship Monitor (GEM).

The discussion of the research and innovation landscape also covers the knowledge
infrastructure, including science and technology parks, and Centres of Competence
(CoC:s). Attention is given to the roll out of internet broadband, noting that vested in-
terests continue to be an obstacle to its deployment to support research and educa-
tion efficiently and economically. The chapter concludes with a consideration of the
key elements of a successful NSI and the strengths and weaknesses of the South Af-
rican NSI. The Report relooks at the 2007 OECD Review and Ministerial Review report
recommendations on NSI coordination focusing on the annual STI Summit held in July
2013 and the transformation of the National Advisory Council on Innovation (NACI).

Arguably, ‘big science’ has taken the place of the strategic missions of the apaurt-
heid era. Simply being awarded the Square Kilometre Array (SKA) is a significant
achievement; building the sixty-dish MeerKAT telescope will stretch our capabilities
and capacities yet further. Exactly how this effort will enhance local manufacturing
R&D and innovation outputs remains to be seen. The experience of the European
Southern Observatory in the Atacama Desert of Chile will be particularly instructive
and is deserving of close study.

From the onset of democracy to the 2030 endpoint of the NDP is a critical time for
South Africa and the country is now halfway through that period. The war-ravaged
countries of Western Europe, Japan, and the Asian Tigers were able significantly to
raise their living standards in a generation. Others, such as Malaysia, will take perhaps
two generations to reach high-income status. South Africa is in a hurry, and to pros-
per and develop needs to think as smartly as did the Asian Tigers who recognised
that their main resource was people. This is what the NDP sets out to do. But it does so
without a crisis-driven base of support. The country is perhaps too complacent, and
has not developed a sufficient sense of urgency.
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Based on the key findings, the STl panel suggested a set of recommendations for
reinvigorating the NSI even though in the remit from DST this was not requested. The
recommendations could usefully be considered for improving the South African NSI
system:

1. The major message of the Report is simple: everything possible must be done to
open the skills pipeline and ensure that quality emerges from it.

2. Regular studies of linkages among NSI actors need to be undertaken to deter-
mine what improvements are needed to the system. There is a need for a careful
review of the positioning and expectations of outputs of all the actors and insti-
tutions in terms of their optimum roles in serving the regional and local system of
innovation.

3. Mechanisms need to be put in place to enhance the selection and use of tech-
nology and knowledge that is globally available, in order to develop the capac-
ity to utilise these for the most pressing social and economic needs.

4. A comprehensive and fully inclusive communications strategy for the NSI and its
role in the NDP should be developed and implemented.

5. There is a need to integrate education and local research systems into the NSI
approach to get the alignment, the focus, societal support and the enhanced
cohesive energy to meet the country’s needs.

6. There is a need for coherent opportunities for ‘lifelong learning’ as the speed
of change in technology and knowledge is so rapid that individuals need assis-
tance to stay abreast.

7. There is a need to develop an augmented new set of output indicators that go
beyond the traditional measures that will facilitate determination of the value of
investment and link to the goals of the NDP.

8. Scoping studies of priority sectors (e.g. those identified in the NDP, the Industrial
Policy Action Plan (IPAP) of the dti, etc.) and, in particular, the knowledge-based
sectors, such as information and communication technology, biotechnology,
pharmaceuticals and health, should be carried out to identify large and small
business contributors and the related industry associations in each case.

9. Reviews must be conducted of policies and instruments to determine their ef-
fectiveness and to suggest enhancements or changes that should be made. The
reviews should be placed in the public domain to canvas further input and the
formulation of recommendations.

10. In re-establishing the NSI, Regional Innovation Forums should be supported and
strengthened. An assessment should be carried out, by region, of the regional
determinants and the active linkages.
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1

The ASSAf Report
builds on two
important system
reviews: the OECD
Review of South
Africa’s Innovation
Policy (2007) and the
Ministerial Review of
the STl Landscape
(2012).

The NDP has been
adopted as gov-
ernment policy and
offers an opportu-
nity to interrogate
the links between
the NSI and the
NDP.

Introduction

This Report follows a request from the Department of Science
and Technology (DST) to the Academy of Science of South Afri-
ca (ASSA() for an independent, critical appraisal of The State of
the Science, Technology and Innovation (STl) System in South
Africa.

While the discussion of an innovation system framework started
in the late 1980s, it was only in the early 1990s when attention
was given to the idea of a formal South African National Sys-
tem of Innovation (NSI) and the new role that STI might play in
the country’s development. Subsequently, efforts have been
devoted to policy development, the roll out of interventions,
and reviews of institutions consisting of the evolving innova-
tion system. This appraisal comes after two important system
reviews: the 2007 Organisation for Economic Cooperation and
Development (OECD) Review of South Africa’s Innovation Pol-
icy and the 2012 Ministerial Review of the STl landscape. Most
importantly, this Report follows the publication of the Nation-
al Planning Commission (NPC) national diagnostic, and the
adoption of its subsequent National Development Plan (NDP)
as government policy.

The NPC diagnostics report, which identified nine challenges
experienced in the country, provides a good platform to deter-
mine whether the NSI is geared towards addressing the chal-
lenges such as unemployment, poor quality of education, ail-
ing health system, inadequate infrastructure, etc.

The NDP seeks to eliminate poverty and reduce inequality by
the year 2030 and, amongst many other themes, identifies STl as
key drivers of the changes that will be needed to bring about
necessary reduction of poverty, unemployment and inequal-
ity (Presidency, 2012). These three scourges are not unique to
our development condition; some countries have faced even
more challenges and have found a way to restructure and
build prosperity.

The STl study panel has quite justifiably asked the following
obvious questions: What will this Report offer that is markedly
different from its predecessors? What new analysis will it bring
to bear? Are there really aspects of the NSI that have thus far
eluded understanding?

We expressly hope that this Report does provide insights and
suggestions that are new and useful in the present and future
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context. The period 2007 to 2012 has been so turbulent domestically and internation-
ally that one cannot assume that the OECD and Ministerial Review reports represent
the last word on what is happening in and to the innovation system. In this short pe-
riod we have also seen a political realignment within our country, and serious strain
in the international financial system since 2008.

There are a number of reasons that make this study essential. The first is to take stock
of where the country was in 1994, and where it is now, two decades later. The NDP di-
agnostic has given much attention to addressing this question, but there were gaps
in what it had to say regarding education, science, technology and innovation. The
second is the need for a detailed analysis of the STl system for use by decision-mak-
ers. The third is to draw on international experience to tease out the issues as they
present, to identify the shortfalls in our knowledge, to offer some immediate recom-
mendations and to suggest areas for future research.

This Report was not designed or resourced to carry out primary research and has
therefore not investigated the process of policy formulation in depth. As is the pre-
ferred practice of the Academy of producing a ‘consensus-style’ report?, this Report
is confined to the critical analysis of secondary sources assisted by the now greatly
magnified power of Internet search. Document search and retrieval are now almost
instantaneous, the main problem being the sheer volume of material. Additionally,
even where a panellist was part of an original policy-formulation process, that person
was never privy to all the vagaries of that process, and not always part of the events
leading to the final version of the resultant position paper or policy document. Her-
bert Simon’s ‘bounded rationality’ applies, so that the conclusions one draws from a
reading of policy may not get to the heart of the matter.

The Report comprises six chapters including this Introduction. It follows an innovation
systems approach to consider the role of the system actors and the way that they in-
teract over time and in context. Evolution and niche are important themes through-
out the Report with the post-1994 policy frameworks of the SA STI. The main body of
the Report starts with Chapter 2 that commences with a discussion that serves to
highlight some of the main issues confronting all innovation systems, and the way
that these have evolved over the years.

Chapter 3 offers a brief analysis of polices, strategies, plans and reviews of relevance
to the innovation system that have emerged since 1994. The object of the analysis
is to interrogate how the innovation system idea has been included in these various
pronouncements.

The next section, Chapter 4, provides quantitative evidence of the inputs to, and
outputs and outcomes arising from the innovation system. The characteristics of the
skills pipeline from school to higher and further education are presented, along with
interpretation of the time series of research and development (R&D) surveys.

!The ASSAf panel comprised Prof Robin Crewe (Chair), Profs Ahmed Bawa, Wieland Gevers, John Higgins, Jo-
hann Mouton, Francis Petersen, Tshlidzi Marwala and Dr Petro Terblanche.
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Chapter 5 provides further analysis and a synthesis, commencing with a concept
map of the STl landscape. The evolution of science council mandates is examined,
followed by discussion of the innovation activities of firms, and the ways that univer-
sity research capacity is being supported. The chapter concludes with consideration
of the key elements of a successful NSI and the strengths and weaknesses of the
South African NSI.

The concluding chapter offers a synthesis, some recommendations and suggestions
for further research.

17
The Innovation System Approach
2.1 Taking stock and moving forward

South Africa is now in its twentieth year of democracy, is politi-
cally stable, and has made significant achievements in reduc-
ing absolute poverty, providing affordable housing, access to
electricity and water, and mitigating the impact of the burden
of infectious diseases. Whilst still unacceptably high, violent
crime has also come down. However, despite large investments
in schooling and further education and training, the quality of
both leaves much to be desired, especially in the key areas
of mathematics and science and language use/academic lit-
eracy. Higher education is performing better, though there are
large pockets of dysfunctionality, dropout rates are unaccept-
ably high, and the overall efficiency is low. On the labour front,
persistent unemployment mirrors inadequate labour productiv-
ity, ultimately translating into sluggish growth, and a worrying
balance of payments deficit. There is some concern that we
are facing a ‘middle-income trap’ and that we might indeed
be fortunate in having maintained a 3% growth rate for two
decades. That argument is flawed for the simple reason that
our upper-middle income country displays very high inequal-
ity that remains stubbornly high despite large social transfers.
These are the challenges that the NDP seeks to address, and
to do so with urgency since the present equilibrium is unsustain-
able.

More people must enter employment; new industries must be
developed; all this whilst promoting environmental sustainabil-
ity and preparing for the impacts of climate change. In 1990,
foreign exchange reserves were around six weeks of imports,
and the foreign debt stood at the equivalent of 60% of gross
domestic product (GDP).

The economy was highly concentrated — on the one side, the
state-owned industries and utilities; on the other, the ‘big six’
of Anglo American Corporation, Sanlam, SA Mutual, Rem-
brandt, Liberty Life and Standard Bank that in 1994, controlled
83.7% of the Johannesburg Stock Exchange (JSE) capitalisa-
tion (McGregor, 2008). From 1963 to 1987, the total number of
patents awarded to South African inventors filing in the United
States was 1 744 compared with the 343 awarded to Korean in-
ventors. In the production of military weapons, the country had
reached stage 10 on the 11-point Krause scale and was able
to carry out independent R&D and the design of advanced
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weapon systems with foreign high-technology inputs (Batchelor and Willettt, 1988).
South African universities had launched the initial careers of four Nobel Laureates in
the sciences and medicine. With appropriate re-orientation and stimulation, techno-
logical and economic take-off seemed a reasonable prospect.

On the negative side, apartheid had balkanised the country into a myriad of adminis-
trations and pseudo states that had absorbed money from the central fiscus, but had
contributed only a small share to GDP. Even so, the ‘Bantustans’ and other administra-
tions built an African, coloured and Indian? middle class, albeit without political rights.
When the apartheid government ended in 1994, the security services were already
50% black. Teaching, nursing, and police services were largely black as well. But Afri-
cans were essentially frozen out of participating in the economic heartland as business
people. Trading licences were rarely granted to Africans, with business opportunities
reserved for the minority groups of the Tri-Cameral Parliament.

In the first few months of majority rule after the 1994 election, the problem facing the
new government was how to put together that which apartheid had rent asunder, to
effect redress, and to invigorate the economy. This called for an astute balancing act,
the more so as gold production had been in decline since its peak of 32 Moz of refined
gold in 1970 and was down to half by 1994. Industrial growth also declined steeply from
the 1970s onward.

The new government introduced the Growth, Employment and Redistribution (GEAR)
Strategy (RSA, 1996) that sought to create a positive investment economic climate
in order to drive growth to 6%. In the event, buoyed by rising commodity prices, the
economy grew, but at an average rate of only 3%, peaking at around 5.5% in 2005/06.
The increasing burden of infectious disease, with its human, social and financial costs,
added to the problems facing government, as did absence of a compact among
state, labour and capital that could have expanded job opportunities, but instead
saw salary awards that exceeded baseline inflation. According to Jafta and Boshoff
(2008), the rate of profits accruing to business was excessive; others estimated that
these were no higher than the United States (US) average .

While GEAR was still being implemented, the Accelerated and Shared Growth Initia-
tive for South Africa (AsgiSA) was introduced. AsgiSA growth diagnostic analysis identi-
fied binding constraints and possible opportunities and promised a more balanced
footing growth (Presidency, 2006). Before the AsgiSA policy could be taken further,
President Thabo Mbeki was replaced by Jacob Zuma as President, and in sequence,
three new economic policy documents appeared: the New Growth Path (EDD, 2010);
the Industrial Policy Action Plan (IPAP) 2 (the dti, 2011); and finally the overarching NDP
(Presidency, 2012).

In common with the vision statements of many other countries, the NDP, or Vision for
2030, identifies STl as key pivots for achieving a more inclusive society (Presidency,
2012: 93):

2 Prior to 1994 the South African demographics were classified as blacks, whites, coloured and Indian; after
1994, black is inclusive of Indians and coloureds.
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Science and technology are the differentiators between countries that are
able to tackle poverty effectively by growing and developing their economies,
and those that are not. The extent to which developing economies emerge as
economic powerhouses depends on their ability to grasp and apply insights
from science and technology and use them creatively. Innovation is the pri-
mary driver of technological growth and drives higher living standards.

As such, the NDP gives much stronger prominence to STl than the earlier Reconstruc-
tion and Development Plan (RDP) had done. Most importantly, the plan adopts a
system view of the interrelationships among STl and broader societal influences. In
short, it advocates the innovation systems approach (Presidency, 2012: 325-7):

The system of innovation has a key role to play. It is the principal tool for creat-
ing new knowledge, applying knowledge in production processes, and dis-
seminating knowledge through teaching and research collaboration... The
national system of innovation is about networks and partnerships. Research
and development happens in many sites outside universities, including the
science councils, state-owned enterprises and industry.

This is an important development, given the observation of the 2012 Ministerial Re-
view Committee that the innovation system concept appeared to lack currency
beyond the walls of the DST.

What then is meant by the concept of an innovation system, and indeed, what is
meant by the very term innovation? Some clarity and common understanding must
be brought to bear on these concepts lest a clutter of meanings is bandied about
with resulting confusion. The next section seeks to clarify these.

2.2 Innovation and innovation systems

Innovation has become the new catchphrase in discussions concerning the drivers
of economic growth and societal well-being in developed and developing coun-
tries (EU, 2010; Government of India, 2010; Farrell and Kalil, 2010). ‘Innovation’ has
attained canonical status, as a panacea to revitalise flagging economies. Some-
times the term is closely associated with the terms ‘knowledge economy’ or ‘knowil-
edge-based economy’, adding to a welter of ideas that places the layperson at a
disadvantage. In a sense ‘innovation’ now holds sway, much as the phrases R&D or
science and technology (S&T) did in the past.

Innovation is rarely defined, as if its meaning is obvious to all, citizens and policymak-
ers alike. This lack of definition spawns confusion that elides innovation with invention,
if not with S&T and R&D. And in the social domain, innovation is often interchanged
with the verb ‘change’ as in educational change, or social change. So innovation
means different things to different people and communities of practice, and where
there is lack of commonality, misunderstanding will proliferate.

The most widely adopted definition of innovation is that laid down in the Oslo Manual
(OECD, 2005). This definition informs the thinking about the South African STl system,
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the Southern African Development Community (SADC), African Union (AU), Euro-
pean Union (EU) and the World Bank. Specifically, (OECD, 2005: §146):

Innovation entails the implementation of a new or significantly improved
product (good or service), or process, a new marketing method, or a new
organisational method in business practices, workplace organisation or exter-
nal relations.

This definition is catholic: it implicity embraces both technological and non-techno-
logical innovation, and does not limit the act of innovation to firms. By this definition,
innovation occurs across society, in firms, health, education and the informal sector,
even if the Oslo Manual method does not tell us how to measure these.

The OECD definition stands at the heart of the OECD/Eurostat survey methodology
that is widely used to measure firm-level innovation activities and results, alongside
codified intellectual property rights, such as patents, business processes, trademarks,
copyright, registered designs and plant cultivars. The OECD/Eurostat innovation sur-
vey methodology is of course open to the criticism that it focuses on firms and thus
neglects public sector, social, and informal sector innovation, as well as innovation
in indigenous knowledge systems. Innovation in the public sector and social domain
is of interest to government, and calls forth its own set of approaches for determining
ex ante and posf facto outcomes and impacts. Such studies are done using various
evaluation methodologies, including counterfactual studies, randomised controlled
trials, quantitative surveys and qualitative investigations.

In practice, there are many other definitions of innovation, so for example, Peter
Drucker saw innovation as “change that creates a new dimension of performance”,
while for Joseph Schumpeter, it included the introduction of a new good or method
of production, conquest of a new source of supply or half-manufactured goods, or
the implementation of a new form of organisation (Godin, 2008). To innovate is to
bring about change on a detectable scale. It is pertinent to emphasise that inven-
tion is not innovation.

In this context, it is also useful to acknowledge South Africa as an emerging econo-
my and thus it is useful to explore relevant definitions developed by the World Bank
(2010a:):

Innovation should be understood as the dissemination of something new in a
given context, not as something new in absolute terms. While economically
advanced countries naturally work at the technology frontier, developing
countries have considerable opportunity for tapping into global knowledge
and technology dissemination in their domestic context. This ability will be
decisive for initiating new activities, notably in service industries, for improving
agriculture and industrial productivity, and for increasing overall welfare in
areas of health and nutrition.

This Report makes use of the World Bank (2010) definition of innovation which means
technologies or practices that are new to a given society. They are not necessarily

The World Bank (2010)
provides a more recent
definition that should
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developing countries.
In their understanding
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may not be an
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system in an emerg-
ing country.
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new in absolute terms. These technologies or practices are be-
ing diffused in that economy or society. This point is important:
what is not disseminated and used is not an innovation. Dissemi-
nation is very significant and requires particular attention in low
and medium-income countries.

Innovation, which is often about finding new solutions to existing
problems, should ultimately benefit many people, including the
poorest.

For understanding innovation, distinguishing high technology
from low technology is not very useful, particularly in low and
medium-income countries. High technology may not generate
jobs and wealth, while low technology developments and the
exploitation of indigenous knowledge can lead to significant
economic growth and improved welfare. The use of high tech-
nology in all sorts of products, processes, and services can be
more important than producing it.

Innovation is distinct from research and in fact need not result
from it. Innovations come from the entrepreneurs who make
them happen and ultimately depend on a society’s receptive-
ness. Thus, even in considering the most appropriate definition of
innovation for a particular situation, the socio-economic status
of the country plays a role and sets the framework for later plan-
ning.

It is clear that to see innovation as a direct link to local S&T, and
even more so to local R&D, which may be more relevant in a
highly developed country (e.g. the OECD countries), may cre-
ate an inadequate model for an innovation system in an emerg-
ing country.

Science - ‘knowing why’, and technology - ‘knowing how’, re-
quire no definition, and we shall assume that the reader is com-
fortable with the meanings assigned to these. But the meaning
of R&D is another matter. Again it is the OECD (2002) that pro-
vides the standard definition:

‘Basic research’ is experimental or theoretical work un-
dertaken primarily to acquire new knowledge of the
underlying foundation of phenomena and observable
facts, without any particular application or use in view.
‘Applied research’ is also original investigation under-
taken in order to acquire new knowledge. It is, however,
directed primarily towards a specific practical aim or ob-
jective. ‘Experimental development’ is systematic work,
drawing on existing knowledge gained from research
and/or practical experience, which is directed to pro-
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ducing new materials, products or devices, to installing new processes, systems
and services, or to improving substantially those already produced or installed.

This definition masks great complexity. The systematic measurement of R&D dates from
before World War Il, and it took another three decades before the definitional issues
were (provisionally) settled through the adoption of the Frascati Manual (OECD, 1963).
The Frascati Manual is now under revision toward a 6™ edition. The fact of these pe-
riodic revisions attests to the changing nature of science, technology, industry and
society so that what is termed the ‘Frascati technology’ (Gault, 2010) remains a work
in progress. The most recent addition to the Frascati Manual is the Annex on Measuring
R&D in Developing Countries (OECD, 2012).

It is clear that there is a need to create a common understanding of innovation and
the NSI applicable to this country, and to use this as a tool to interrogate the role of the
NSl in the NDP.

The Frascati Manual lays out the guidelines for measuring the financial and personnel
inputs® to R&D. For these to be internationally comparable, it is essential to agree on
what counts as R&D, and what is assigned to the category ‘other scientific and tech-
nological activities’. So, for example, mining exploration, geological mapping, social
surveys, policy research and market research are not generally counted as R&D. The
guidelines specify what is in and what is out, with some countries completely excluding
research in the social sciences and humanities.

Godin (2007) has reviewed the OECD work on R&D and innovation policy from the first
Frascati Manual through to the first Oslo Manual arguing that from the outset a systems
approach informed the Frascati methodology. This, he claims, is evident in the tracking of
the flow of funds among the key economic actors or institutions that perform R&D — univer-
sities, industry, public laboratories and not-for-profits, thereby pointing to their systemic
relationships. According to Godin (2007), the idea of a research system was therefore
already taking shape in the 1960s. Godin (2007) then shows how these ideas naturally
flowed into the 1980s articulation of the ‘innovation systems approach’ under the lead-
ership of Chris Freeman, author of the first Frascati Manual, and that of Bengkt Ake
Lundvall, former deputy head of the OECD Science and Industry Directorate. The inno-
vation system approach developed and was carried forward within a small community
of practice, a network.

The ‘approach’ remains essentially that — an unfolding way of thinking, so that strictly
speaking, one cannot refer to the innovation system ‘paradigm’. Writing for the World
Bank, Jean-Eric Aubert characterises innovation policy as moving through three phas-
es (World Bank, 2010a).

2.2.1 Llinear model of innovation

In the first science-led phase, innovation arose through the conversion of the findings
of basic research and subsequent applied research and development into useful
products (Figure 1).

3 Bibliometrics offers a proxy measure of the outputs of R&D by studying the characteristics of peer-reviewed
scientific publications.
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Figurel: The ‘linear model of innovation’

This ‘linear model’ underpinned the emergence of numerous
national research laboratories in the wake of World War Il, which
joined an already existing constellation of public goods (health
as in the Pasteur Institute; animal as in the Onderstepoort Veteri-
nary Institute) and research institutes associated with commod-
ity production already founded in an earlier stage of industrial
development and globalisation of markets. The linear model is
famously captured in Vannevar Bush’s report to President Tru-
man in which he extolled the virtues of publicly-funded R&D.

Accepting such a model, one is led to the conclusion that by in-
creasing the investment in basic and applied research, there will
be a natural flow of new knowledge, ideas, inventions through
to the overall objective of innovative products and services in
the market, growing the country’s economy.

The simplicity of the linear model remains a common way of
thinking about the needs of science in relation to society, not-
withstanding a number of shortcomings documented by Mah-
djoubi (1997). Chief among these are the use of R&D expendi-
ture as an input proxy for innovation and the assumption that
technology always follows science.

In an important South African paper by Jafta and Boshoff (2008),
many of the above issues are identified with much the same
conclusion. They quote Caracostas (2007):

Whether he or she likes it or not, a policy-shaper trying to defend
the need for more funds for R&D relies implicitly on the famous
‘linear model of innovation’. The view of innovation sees the re-
lations between research and the market as forming a ‘chain’,
a straight line extending from research to market (‘technology
push’) or from market to research (‘technology pull’). Despite
the fierce criticism they have attracted from the more popular
systemic approaches, these linear models paradoxically con-
tinue to influence thinking amongst decision-makers and public
opinion because they have the virtue of being simple (or ap-
pearing to be so).

In order to obtain some feel for the validity of such a model in
the South African setting, it is useful to explore the results of the
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South African Innovation Survey (2008). If we accept that the linear model applies,
there should be a strong indication that business receives considerable information
for innovation from the research sources such as universities and research institutions.
In the most recent survey, such sources were regarded as ‘highly important’ by less
than 3% of the respondents, while the major sources were internal expertise, custom-
ers and suppliers. It is thus difficult to correlate the ‘user perspective’ with the ‘direct
linkage’ to R&D. Nevertheless, this model still dominates thinking with the on-going
reference to the ‘innovation chasm’ developed as part of the DST’s R&D Strategy
(2002) and reinforced by the Ministerial Review making its recommendations in terms
of ‘research and innovation’. Again, both these are indicators that there is not a
good understanding of the necessary components in a successful innovation chain,
and this needs to be urgently explored.

The concept of the innovation chasm (DST, 2002; DST, 2008; Kaplan, 2008; Pouiris,
2008), is widely referred to by the DST, as well as the Technology Innovation
Agency (TIA), National Intellectual Property Management Office (NIPMO) and
the Council for Scientific and Industrial Research (CSIR)*. TIA places the exis-
tence of the innovation chasm as a given in its outlook on innovation strategy®.
The idea of an innovation chasm has migrated across our borders into SADC dis-
course (Neba, 2012).

The innovation chasm concept appears to originate from De Wet (1997), the CSIR’s
former head of policy, who depicted South Africa as a ‘technology colony’ in which
“there is an almost insignificant flow of technology from the local R&D community
to the local industrial sector, mainly because the relevant R&D is mainly done ‘back
home abroad’”. What has been missed in the subsequent evolution of the idea is
that De Wet (1997) did not view technology colonies as dysfunctional. Instead he
argued that what he called a ‘Type 1’ technology colony that developed its human
resource base could soar, as for example the case of Singapore. A second group,
called a Type 2 technology colony, was rich in natural resources, e.g. the oil-produc-
ing states and South Africa, and they would face the eventual reality of resource
depletion. Accordingly, they had to find ways to diversify their industries before the
inevitable dawned. This required a joint approach between local enterprises and
government, in short, a system-wide approach.

The technology colony concepts are highly complex. Essentially the notion of an in-
novation chasm amounts to the claim that there is market failure, hence the need
for mechanisms to smooth the path. What then is the evidence for the failure to com-
mercialise? And, if there is a chasm, what is government doing about it?

To answer the first question, appeal is made to three sources of information: the In-
novation Survey 2005 for the period 2002 - 4 (Blankley and Moses, 2008), the country
findings of the INSEAD/WIPO Global Innovation Index (Gll), and the Global Entre-
preneurship Monitor (GEM). The Innovation Survey 2005 was conducted during the
economic upswing, and this should be borne in mind when interpreting the results.

4 http://streaming.csir.co.za/View.aspx?|D=3331~4k~jEaHVhFO.
5 http://www.tia.org.za/News/Innovation-agency-eyes-Africa.
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The survey involves primary data collection from a stratified random sample of firms,
rather than from a small panel of CEOs of large companies as tends to be the case
for the Global Competitiveness Index (GCI). Innovation Survey 2005 results of primary
interest to this Report may be summarised as follows:

51.7% of firms claimed to be innovating:

1. New technology, machinery and software constituted the main cost involved in
innovation.

2. Most innovation was incremental, with 10% being ‘new to the market’.

3. Information for innovation came first from within the firm, and then from industry
or industry associations; very little information (5%) was sourced from public re-
search organisations (PROs) or higher education institutions (HEIs).

4. Some 15% of innovating firms had collaborative partnerships with HEls, a finding
that seems to contradict 3 above.

5. Only 3% of innovating firms applied for a local patent.

With the exception of the low patenting rate, this picture of the relationship between
firms, PROs and HEIs is quite similar to what pertains in the advanced economies. In-
novation primarily involves market players, not the non-market organisations. Innova-
tion Survey 2005 gives an impression of confidence.

So does the above evidence point to the existence of an innovation chasm? On
the one hand large firms see themselves as innovating, and their bottom line would
suggest a healthy rate of profit. On the other hand, Gll and GEM tell a different story,
namely that of insufficient growth in new firms. This points more toward a problem of
the investment climate, than an innovation chasm per se.

Basson (1996) described the CSIR researchers of the 1980s as having developed two
lines of research: personal interests versus politically-driven, the latter term being her
euphemism for security and weapons research. Kahn (2013) describes this period as
one in which ‘own agenda’ science existed alongside ‘technology for the war ma-
chine’. That was how science of the day prospered.

The ‘linear model’ of innovation thinking peaked in the early 1970s when the high
cost of the US wars in South-East Asia forced cutbacks at home with calls for ‘value
for money’. Already in the 1960s, the US Army Planning, Programming and Budg-
eting System had started a process of reigning in defence and science expendi-
tures. In the United Kingdom (UK), Rothschild (HM Government, 1971) enunciated his
‘customer-contractor’ principle to bring accountability to publicly-funded science:
“However distinguished, intelligent and practical scientists may be, they cannot be
so well-qualified to decide what the needs of the nation are, and their priorities, as
those responsible for ensuring that those needs are met”. Politically accountable
principals would decide on the priorities, not the heads of scientific institutions. The
tension between these groups persists to this day, and not only in the UK. Research
contractors were expected to find customers who would pay for their research.
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In the firm-centric in-
novation approach, the
firm is at the cenfre of
innovation activity.

‘Stagflation,” the phenomenon of stagnant growth coupled
with high inflation, became widespread in the Western econo-
mies in the 1970s, yet somehow Japan prospered. With empiri-
cal evidence accumulating from industry studies, the recogni-
tion grew that innovation was rather more complex than the
apparent simplicities of the ‘linear model’ and its treatment
of R&D as a public good, freely available to all-comers. In the
early 1980s, Freeman, after studying the Japanese industry and
its relationship with the Ministry of International Trade and In-
dustry, and Lundvall, with his work on the Danish industry, were
instrumental in reviving interest in Schumpeter’s ideas on inno-
vation. This, together with the appreciation of the role of the
economic actors (universities, industry, nhon-governmental or-
ganisations (NGOs), PROs) as part of a larger system, led to the
formulation of what became known as the ‘innovation systems
approach’. Alongside was a reappraisal of economic assump-
tions and economic theory, with the rise in status of evolutionary
economics and ‘New Growth Theory’ with their emphasis on
the role of institutions and knowledge as factors in production
(Romer, 1986; 1990).

2.2.2 Firm-centric innovation approach

In its early form, the innovation systems approach understood
innovation as arising when economic actors searched for in-
formation in response to changes in markets. The prime mov-
er in the process of innovation was a firm that interacted with
other actors — firms, universities, and PROs. In this formulation,
the role of government was mainly to ensure that the appro-
priate framework conditions — macro-economic stability, hu-
man resource provision, intellectual property rights protection,
regulations and financial incentives — were in place to support
innovation activities. Despite the obvious government role in
democratic Japan’s success, and in authoritarian states, such
as Taiwan, Hong Kong and South Korea, this formulation was
essentially consistent with free-market principles that were held
to be the sine qua non.

In this second formulation of innovation policy, embodied in the
Oslo Manual, firms stood at the centre of innovation activity,
and innovation surveys were thus designed to focus exclusively
on the private sector. One consistent finding of innovation sur-
veys worldwide is that firms obtain information for innovation
mainly from other firms, the market actors, and not from uni-
versities or PROs, the non-market actors. Universities” main con-
tribution to innovation is to generate the reservoir of the high-
ly skiled and to conduct basic research, while the PROs are
sites of scientific and technological services (testing, mapping,
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breeding, disease control, vaccine production, standards), as
well as performers of public goods applied research, especially
in health (e.g. Medical Research Council (MRC)), agriculture
(e.g. Agricultural Research Council (ARC)) and security (e.g.
the Council for Scientific and Industrial Research (CSIR)). The
Triple Helix movement may be viewed as an attempt to re-em-
phasise the role of universities as sites of knowledge production
whence new techniques for measurement and analysis diffuse
into industry (Etzkowitz and Leydesdorff, 1997).

2.2.3 The whole economy innovation system approach

The third, and present phase of innovation policy is a work in
progress, with the innovation system understood to cut across
the entire socio-economic structure and government itself, so
that effective innovation policy requires ‘whole of govern-
ment’ policy, and like a convoy, moves forward at the speed
of its weakest member. If one component of policy lags, the
entire structure is retarded. This third phase is evolving in the
context of the 2008 world financial crisis whose resolution is as
yet unknown. The evolution of innovation policy occurs in con-
text — geopolitics, technological change and societal expec-
tations.

The geographic boundaries of innovation systems are in flux. In
the face of global manufacturing value chains and the estab-
lishment of multinational company R&D laboratories in many
countries, the very idea of a ‘national’ system is under question.
Within countries, one finds concentrations as regional systems
of innovation, as for example, the Pretoria-Witwatersrand-Ver-
eeniging area, and the Greater Cape Town innovation system.
The concentrations are quite typical — one thinks of the Milan
region of Italy, the South-East of England, or Silicon Valley, as
cases in point.

Then there are geographically dispersed ‘sectoral’ systems of
innovation. Local examples of such sectoral systems are the Te-
lemetry System of Innovation in the Western Cape and Gaut-
eng; the Viticulture System of Innovation in the Cape Wine-
lands; the Mining and Metallurgy System across the minerals
belt, and so on. These various concentrations underscore that
innovation activity tends to agglomerate in specific regions
and industries. This raises the need to explore the potential of
regional and local innovation systems in enhancing economic
growth in the country.

But the very nature of innovation activity is also changing. One
such change is ‘user innovation’ as described by Von Hippel



28

(2988) in his book The Sources of Innovation?, in which he offered a fundamental chal-
lenge to how innovation was then viewed, namely that product innovations were the
work of product manufacturers. Von Hippel (1988) contended that this was generally
untrue as the sources of innovation were manifold and then proceeded to amass the
empirical evidence to support this contention. By his analysis, the functional benefits
that accrued to a firm could make it a user, supplier or manufacturer of an innovation:
“the functional role of an individual or firm is not fixed; it depends instead on the par-
ticular innovation being examined” (Von Hippel, 1988: 3).

A second is the changing role of the university, as signalled in the seminal work of Gib-
bons et al. (1994) that questioned the social contract for science that had endured
since World War Il. They argued that the period had seen an erosion of boundaries
among state research organisations, industrial laboratories and universities, with basic
research and applied research carried out in all three and the penetration of science
across the economy and society. For this reason a new social contract was needed
that recognised a shift in the balance. What they termed ‘reliable knowledge’ pro-
duced under ‘Mode 1’ science had to yield to a new reality — ‘Mode 2’ - whereby
for science to advance, it must become “socially robust knowledge’ that displayed a
new societal accountability (Gibbons, 1999).

The third aspect of change recognises the phenomenon of the ‘network society’
(Castells, 1996). For science this has assumed shape as the ‘new invisible college of
science’ (Wagner, 2008), whose networks transcend institutional and national bound-
aries, allowing for collaborative problem solving that draws on the best minds and
resources wherever they may be and is reflective of the early membership of the Royal
Society of London. The ‘new invisible college of science’ holds both promise and peril,
with the exponential growth of knowledge and its free exchange raising questions
of governance structures. The present stand-off between Western democracies and
authoritarian regimes concerning Internet content regulation is but one aspect of the
growing tension that the ‘network society’ is generating.

Lundvall (2012) has described an innovation system as:

A ‘social system’, with the central activity being learning, and learning as a social ac-
tivity involves interaction between people. It is also a dynamic system, characterised
by positive feedback and by reproduction. Often the elements of a NSI either reinforce
each other in promoting processes of learning and innovation or conversely, combine
into constellations blocking such processes. Cumulative causation, and virtuous and
vicious circles are characteristics of systems and sub-systems of innovation.

National systems play an important role in supporting and directing processes of in-
novation and learning. The uncertainties involved in innovation and the importance of
learning imply that process calls for a complex communication between the parties
involved. When parties involved originate in the same national environment, sharing
its norms and culturally-based systems of interpretation, interactive learning and inno-
vation will be easier to develop.

8 The choice of title appears to be an act of homage to the classic The Sources of Invention (Jewkes, Sawers
and Stillerman, 1962).
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The International Development Research Centre (IDRC) in Canada has useful insights

into systems of innovation, as they support the conclusions by Lundvall (2012):

1. Today, successful innovation is considered as the result of a process of interaction
and exchange of knowledge involving a large diversity of actors in situations of
interdependence.

2. Recentsocial network theories of innovation lay emphasis on the strategic impor-
tance of relationships rather than technical tools, and on knowledge rather than
technological networks.

3. Knowledge-based innovation requires not one but many kinds of knowledge.

4. Furthermore, it requires the convergence of many kinds of knowledge retained
by different categories of actors. These new criteria require a new organisational
and functional paradigm where the performance of innovators depends on the
relations and cooperation between actors in the system.

Some large firms also engage in ‘open’ innovation, a behaviour subtly articulated
in the catchphrase ‘connect and develop’ (Dodgson et al., 2005). This openness in-
cludes companies wilfully abandoning unexploited patent rights in order to stimulate
the innovation climate.

Last, there are the forms of innovation that are most difficult to quantify and promote,
namely innovation in the informal sector and within indigenous knowledge systems.
Innovation in both of these sectors attracts enthusiasm in the literature, but dissemi-
nation of new products and processes arising from these sectors is very limited. Of
course there are exceptions where indigenous knowledge is available in codified
form as in Hindu Ayurveda or Chinese Traditional Medicine so that in both India and
China, traditional remedies are manufactured to pharmaceutical standards and are
sold through registered pharmacies.

The evolution of innovation policy spans major world events — World War Il, decolo-
nisation, the Cold War, the ICT revolution, the emergence of the Brazil, Russia, India,
China and South Africa (BRICS) bloc, and now the financial crisis. All of these events
shape and are shaped by technological change (Perez, 2002). The new technologi-
cal shaper is the green agenda.

The primacy of the Washington Consensus is waning; the hubris of deregulated mar-
kets is accountable for the financial crisis, even if no single cause can be identified.
Poor risk modelling plus risky innovation in new financial derivatives, such as credit
default swaps, were contributors. Non-technological innovation may be as positive,
benign or negative as technological innovation. Faced with the financial nemesis
it may be tempting to turn to the interventionist ‘BeST Consensus’ of Beijing-Seoul-
Tokyo (Lee ef al., 2007). But this could be another naive attempt to transplant politi-
cally and socially embedded systems across physical space and historic time. It is
hardly accidental that the footprint of pre-World War Il Japanese expansionism is
geographically identical with the Asian Tigers of Chinese Taipei and Korea.

Even so, it is clear that the previously unthinkable may well become the new or-
thodoxy. Great Britain, home to the Hayek-Friedman-Thatcher revolution, and now
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under the Conservative/Liberal Democrat Coalition government, seems to have be-
come more open to state intervention in innovation activity. Evidence of this is to
be found in the UK innovation strategy that uncritically acknowledges the role of
the federal government in US innovation activities. While the US has no centrist in-
novation policy, the combined actions of its Departments of Commerce, Defense,
Energy, and Health, with their billion dollar grants for research, amount to an implicit
innovation policy. What then is the role for government in promoting innovation?

2.3 The well-functioning innovation system

Governments, especially in emerging economies and developing countries, have
an important role to play in fostering the climate in which innovation will flourish. They
play a number of complementary roles: regulator; coordinator; service provider; fi-
nancier; research performer; and even, innovator.

Drawing on the literature (OECD, 1997; Fagerberg, 2004; World Bank, 2010a), one
may identify five actions that governments typically play in contributing to a well-
functioning innovation system:

1. Setting the framework conditions: macro-economic stability; regulation; mech-
anisms for prioritisation, agenda setting and coordination; maintenance of a
standards regime; protection of intellectual property rights; direct and indirect
funding incentives.

2. Ensuring the supply and mobility of knowledge workers: human resources devel-
opment; immigration law; networking mechanisms.

3. Promoting knowledge exchange: mechanisms for knowledge exchange and
technology transfer including codified and tacit knowledge, and mobility.

4. Providing knowledge infrastructure: public research organisations; provision of
scientific and technological services; provision of research and communication
infrastructure.

5. Engaging in policy learning: measurement, monitoring and evaluation; impact
assessment; foresight study; utilising evidence-based decision-making; consensus
conferencing.

These five actions do not display rigid boundaries one from another. So Chapter 3
addresses actions | and V; Chapter 4 discusses actions Il and lll; Chapter 5 deals with
action |V, but there is inevitable overlap of themes from one to another.

2.3.1 Framework conditions

Action | recognises the importance of the financial and regulatory environment, the
‘framework conditions’ that are needed to support the economy and innovation
activity. Firms require a stable and predictable policy environment, sources of funds,
infrastructure, and adequate reward for their entrepreneurial activities, be these
commercial, social or intellectual. If the intellectual property rights associated with
the innovation, or the profits accruing from the innovation are liable to confiscation,
innovation will dry up, and migrate elsewhere. Investment climate and innovation
climate are intimately linked.

Much has been made of the connection between innovation and economic growth,
with numerous governments making pronouncements on the ‘grand challenges’
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that innovation is expected to address (JIIP, 2012). Identification of such ‘grand chal-
lenges’ does not imply that governments are suddenly inclined to ‘pick winners’
through industrial policy as in the early days of the Asian Tigers, but it does speak to
the issue of agenda setting and prioritisation. This is a common concern around the
globe and is addressed through a variety of mechanisms. These range from the ap-
pointment of government chief scientists (UK; USA) through to vesting authority in an
apex body that carries the authority of the highest office.

In Finland for example, the Prime Minister chairs the National Research and Innovation
Council; Malaysia in 2011 founded MIGHT - the Malaysia Government Group for High
Technology’ ,also under the Prime Minister; Germany has no equivalent body. South
Africa is somewhere between these extremes — it had a Minister’s Council for Science
and Technology, but dissolved it. The Ministerial Review report call for a National Coun-
cil on Research and Innovation (NCRI) resonates with apex practice elsewhere.

The 1996 White Paper on Science and Technology proposed institutional mecha-
nisms through which the new Department of Arts, Culture, Science and Technology
(DACST) would exercise a coordination role for stimulating South Africa’s national
system of innovation in general, and in its commitment to the support of science,
engineering and technology development in particular, across government, and to
provide leadership in forward planning, budgeting, management, and evaluation of
the system as a whole and, especially, public sector research. Inter alia these actions
would turn around the fragmented, uncoordinated and weakening innovation sys-
tem (DACST, 1996: 82). It was left to the R&D Strategy to provide many of the mecha-
nisms for attaining these goals, in particular those for budgeting and coordination.

For an external appraisal of the situation ten years after the White Paper, one turns
to the OECD Review. This assessed the extent of system coordination through a four-
level model of policy coordination and found that while there were mechanisms for
cross-department coordination at level 2 (the cluster system), there was no such facil-
ity at the highest level of government (level 1), nor any means to effect prioritisation
(OECD, 2007: 12). It expressed scepticism at the effectiveness of the cluster system
(OECD, 2007: 60) and observed a mismatch between identified strategic priorities
and implemented programmes that suggested the need “to revisit the National R&D
Strategy and to consider the effectiveness of existing coordination and governance
mechanisms”. As OECD (2007) noted in the case of the Pebble-bed Modular Reac-
tor (PBMR), the prioritisation vacuum apparently provided the opportunity for interest
groups effectively to capture parts of the system.

In effect, OECD (2007) claimed that the South African system of innovation was only
loosely coordinated. South Africa in 1994 emerged from a period where there had
been attempts at central coordination in the form of Grand Apartheid and the later
State Security Council. Post-1994, attempts to install central coordination as in the
Ministry for the RDP, the subsequent role of Treasury in promoting GEAR, and the
present difficulties that the ‘adoption’ of the NDP is evincing, suggest a resistance to
central coordination from many quarters. Whether this resistance is the expression of

" http://gsiac.org/newsmaster.cfm?&menuid=8&action=view&retrieveid=15.
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a rejection of any form of coordination per se, or is ideological — “we want our plan
not yours” — will be answered in the fullness of time. Expecting high levels of coordi-
nation for the system of innovation when there is disarray at higher levels is perhaps
hoping for too much. Then again, even without coordination the system might suc-
ceed in fostering and producing innovation.

Jafta and Boshoff (2008), in a thoughtful critique of AsgiSA, consider the role that the
innovation system could play in realising its aims (for which one might as well read
‘NDP’). They quote Metcalfe (2007) to support the argument that to promote innova-
tion one must move beyond the linear model of equilibrium economics with its notion
of market failure, to a system level that provides the appropriate framework for “a
competitive process that is ordered but never in equilibrium ... the purpose of inno-
vation policy is to ensure that it never is in equilibrium but is continually challenged
from within” (Metcalfe, 2007: 452). Looking at existing policy, they find that instead of
the firm being at the centre, South African innovation policy seeks to drive “a one-
way process where the users of the results of the NSI activities ... are the recipients
of knowledge, technologies, and innovation and not active participants in the pro-
cess” (Jafta and Boshoff, 2008: 8). They argue that the most important role of govern-
ment should be to promote competition, address sectoral barriers of entry through
addressing adverse regulatory constraints, and to rectify government administrative
failures. Their conclusion: for firms to innovate they must build new knowledge and
participate in markets with flexibility: “where policy frameworks do not facilitate, or
(even if unintended) prevent firms from participating in markets, it is likely that the
absorptive capacity and skills bases in those industries will also be harmed” (Jafta
and Boshoff, 2008: 14).

This brings us to the next major consideration under framework conditions, namely
finance. Governments offer direct and indirect incentives toward innovation, being
mindful that organisations require capacity to absorb such incentives, much as gov-
ernment requires capacity to manage them appropriately. Where capacity is weak
it is always possible that perverse behaviours may set in and these must be detected
and remediated. One of the most important issues of allocation is that of managing
the supply-demand tension. Scientists can always spend money, so that supply-side
policies are naturally attractive to their interests (Mazzoleni and Winter, 2007).

Direct funding includes the provision of finance capital, grants, land, equipment and
machinery. Indirect funding includes incentives of various forms such as tax exemp-
tions and rebates, customs tariff relief, and the use of state property. In a well-func-
tioning innovation system, financial controls are in place along with measures that
provide an indication that resources are well applied. Even so it must be accepted
thatrisk is an inherent part of innovation and research, some loss is to be anticipated.
Specialist funding agencies will address the differing requirements of the various in-
novation activities — collaboration, training, design, prototyping, R&D, engineering
and accessing consultancy. All such activities and services are essential to a well-
functioning system.

The NSI displays a full range of financial instruments for supporting research and inno-
vation. Given the country’s high ranking for financial market development it would
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be surprising indeed for funding to stand out as a defect of the system. One might
even contend that funding is not the main problem facing the system; it is the ef-
fectiveness and efficiency of spending that constitutes the main barrier to advance-
ment. We shall argue that as a whole there is no shortage of funds for research. What
then for innovation? This is a complex question whose resolution lies in perceptions of
risk and return, the investment climate, and entrepreneurial attitudes. The two official
innovation surveys are consistent in showing that the main source of funding for in-
novation is ‘own funds’ of firms, namely from cash reserves.

Whilst there are complaints that venture capital (VC) is in short supply, this is not a
problem unique to South Africa. According to venture capital fund analysts, the suc-
cess rate for investment is around 1 in 50, with the funding decision turning on the
applicant’s assessment of management and entrepreneurial skills, the quality of their
business plan and projections, the credibility of the proposed innovation, and the
likelihood of achieving the desired rate of return on capital. The recent introduction
of a venture capital tax incentive might promote an increase in VC investment, but it
is simply too soon to tell. These matters will be dealt with more thoroughly in Chapter
4 below.

After a lengthy process going back to the time of the White Paper, DST was eventu-
ally able to persuade Treasury to abandon its objection to subsidies for R&D. The In-
come Tax Amendment Act of 2008 duly raised tax deduction of current expenditure
on R&D from 100% to 150% and also allowed for the accelerated depreciation of
capital expenditure on R&D. The amendment excluded claims for R&D expenditure
on software development, and in the social sciences and humanities, thereby unfor-
tunately excluding much of the R&D taking place in the service sector. The previous
tax regulations allowed all legitimate business expenditures, including expenditure
on R&D, to be tax-deductible, with company auditors providing the standard proof
of purpose. The SA Revenue Service could of course institute its own audits to verify
if it so pleased. Now, however, it was decided that the extra 50% allowance should
be subject to external verification, and DST was given the responsibility for the inves-
tigation. This meant that claimants would have to open their research management
systems to an outside party, the DST. It also required the DST to marshal the necessary
expertise to interrogate research plans and records to determine whether ‘genuine’
R&D was being undertaken.

The outcome of this effort was perhaps predictable: there was a low uptake of ap-
plications for the allowance, with the few applications coming from large, very well-
organised firms with long-standing skills in R&D management, e.g. SASOL (2010) and
Bell Engineering (2010). The experience led DST and Treasury to rethink the legislation,
and in due course a further amendment was promulgated, taking effect on 1 De-
cember 2012. This amendment extended claims to include software development,
but introduced a completely new claims procedure. Companies would now have to
obtain pre-approval from DST for R&D projects for which they would wish to claim the
enhanced tax relief. Pre-approval is a measure that is in force in Hong Kong, China,
Taiwan and Malaysia (Ernst and Young, 2011). It is too soon to tell what the outcome
of the procedure will be in South Africa, but past experience suggests that the uptake
will remain low.
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2.3.2 Policy learning

The above account of the case of the R&D tax incentive is an example of policy
learning in practice. Policy learning is the fifth action of the well-functioning inno-
vation system, and was a matter on which the Ministerial Review also expressed its
view, agreeing with OECD (2007) that there was a serious knowledge gap regard-
ing the workings of the innovation system that had not been adequately filed by
the National Advisory Council on Innovation (NACI). The Committee, noting that the
reviews of NACI had gone unheeded, proposed the establishment of a properly ca-
pacitated, arms-length agency to be called the *Office for Research and Innovation
Policy’ (ORIP) that would provide high-quality policy support to the NCRI, coordinate
STl information, conduct monitoring and evaluation, and carry out foresight studies
as well.

The Ministerial Review was impelled to offer this recommendation in the light of the
two prior reviews of NACI that had not been acted upon, the lack of coordination of
STlinformation, the absence of a policy advisory role for NRF, and the closing down of
the S&T policy office in the CSIR. According to the Ministerial Review, STl data sources
were scattered and under-utilised, and there were serious gaps in the data being
gathered. An additional problem was the mismatch of targets emanating from the
Presidency Department for Performance Monitoring and Evaluation and those of line
departments. ORIP would address the problem of the information chasm.

2.4 The big picture

The development of a common understanding of the innovation process is heces-
sary and desirable, albeit difficult to achieve in practice. A case in point concerns
the expectations that are directed at publicly-funded organisations that in order to
survive must engage with the market in the same way that firms do. The on-going
debates and unease at the proportion of contract income that science councils
earn, and the pressure placed on universities to earn ‘third-stream income’ attest to
the complexity of being both a public and private sector player.

To innovate, to engage in R&D, is to take risk with one’s scarce resources, and calls
for specific capacities that grow with time. It is a truism that in most cases every large
firms grew from something smaller. Obviously, where a large firm splits into a set of
smaller but still large firms, this is untrue, but in the main a small firm, if it survives in-
fancy, may become larger, and sometimes big.

In general, as the innovation surveys show, large firms are the main sites of continu-
ous innovation. Some large firms maintain a policy of ensuring that a fixed proportion
of their products should have been developed in the last three years. Large firms
engage in innovation to stay in business, and will use the most cost-effective means
so to do. Where the need for R&D arises they may choose to effect this in-house, by
outsourcing the R&D they require, or by searching for existing solutions. Smaller firms
do not have the analytic skills and in many cases also lack the absorptive capacity
to utilise R&D, and it is here that government may intervene to provide access to
R&D services. As Gault (2010) observed, R&D in firms is a rare event. Not all firms can
afford to do it; firms are not equally capable; nor can most understand and absorb
the results of R&D. That takes specific talent.
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Understanding markets is an absolute necessity — staying close to the customer used
to be standard advice, but in fast-moving markets this may be insufficient. History
abounds with examples where innovators had to create markets or provide mar-
ket complements in order to sustain their drive for sales and efficiencies of scale.
The Model T Ford could only become the success it was because of the comple-
ments of a road network and sources of vehicle finance. In consumer electronics,
Sony saw the market gap for the Walkman™; Apple had the time and resources
to re-engineer the basic MP3™ player to give the world the iPod™, and to fol-
low this with the iPhone™ and iPad™. In South Africa, Heunis created Mxit™ that
at its peak relayed 30 bilion messages a month, and Shuttleworth thought about
a security algorithm for Internet purchasing and came up with Thawte™. Design-
ing a chip to go inside atrtillery shells ultimately led to DetNet™ electronic detona-
tors. ‘White’ light emitting diodes invented by Nakamura are now replacing both
incandescent and fluorescent lighting; Nakamura began research on gallium ni-
tride semiconductors in 1988 but had to wait until 2005 for a ‘company bonus’ in
recognition of his work. Innovation leadership entails being able to spot innovation
potential, deciding how to seize the opportunity, being determined and patient®.
The DST-CSIR Titanium CoC is an example of an attempt to create a new market,
and is a thrust entirely within the CSIR legal mandate under the Scientific Develop-
ment Act (Act 46 of 1988): “to foster, in the national interest and in fields which in its
opinion should receive preference, industrial and scientific development”.

How does one relate these success stories to the nature of the innovation systems
where they arose? This question is virtually impossible to answer. It frustrates and in-
trigues; it elicits jealousy and fear; protectionism; and even hubiris. If innovation is tak-
en to mean the provision of new goods or services to markets, one might do well to
study the export-led industrialisation strategy of the Asian Tigers, but in so doing one
must take account of the uniqueness of their experience — a combination of early
industrialisation, the US protective umbrella, the possibilities of reverse engineering, a
workforce initially with restricted rights, but growing levels of skill. A summary of these
complex phenomena may lie in a parody of the opening paragraph of Tolstoy’s
Anna Karenina: “all effective innovation systems look the same, the ineffective ones
are unique in their shortcomings”.

Lundvall speaks to the importance of history, context and path dependence in
shaping these behaviours and their eventual culmination in actual performance.
Breaking existing constraints thus demands exceptional times and exceptional lead-
ership. Such a view was offered at the recent World Economic Forum (WEF) for Africa
meeting in Cape Town, with the General Electric Chief Executive Officer (CEQO) for
Africa reminding the audience that each African country presented its own unique
risks and opportunities (Business Day, 2013).

The student of the economics of innovation will look at the eruption of the industrial
revolution in England and then Belgium, only later to transform the US and Germany,
and Japan. The political and economic institutions in each country interacted with

8 Albert Einstein laid the basis for today’s laser technology in his paper: Einstein, A., 1916. Strahlungs-emission und
-absorption nach der Quantentheorie. Verhandlungen der Deutschen Physikalischen Gesellschaft ,18, 318-323.
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Innovation depends
to alarge extent on
workforce skills that
are largely deter-
mined by public
education systems.

technological change and gave rise to quite different forms of
governance. The quest for markets and regional dominance
on one side and popular demands for a better life on the oth-
er, led to the ‘Age of Extremes’ that spanned the ‘short 20t
century’ from 1914 to 1989 (Hobsbawm, 1994). Its two World
Wars saw the demise of the Ottoman, Austro-Hungarian, Brit-
ish and Soviet Empires, the rise of China and India, the resur-
gence of Germany and Japan, and the US, briefly the one su-
perpower, but now facing a multipolar world. Smaller countries,
notably the Republic of Korea, Finland, Israel, Hong Kong and
Singapore emerged to become producers of high technology
goods, joining the ranks of the high-income countries. The dif-
fering innovation systems of each country played their part in
these shifts.

Acemoglu and Robinson (2012) offer a contrarian view of the
source of economic growth, using econometric analysis to
show that the variables associated with the nature of domestic
political and economic institutions better explain the variation
than models based on climate, geography, capital, knowl-
edge, and labour. Germany, Japan, and the Asian Tigers have
one thing in common, namely having had to recover from the
almost complete destruction of their infrastructure through oc-
cupation and war. The former two recovered under democrat-
ic constitutions imposed by the Allies; the latter progressed un-
der dictatorship or enlightened authoritarian and technocratic
leadership. A second commonalty was their commitment to
building education and training systems, and their capacity to
absorb technology. The recent OECD (2013) Review of inno-
vation policy in the South-East Asian States provides valuable
insights into the drivers of innovation showing that specific in-
novation policy is less important than getting the broad frame-
work conditions right.

The South Africa of 1994 did not face an existential crisis. The
country functioned, with gross inequities, but it functioned,
some elements doing very well indeed. So we are virtually the
equals of Singapore when it comes to financial services, but
we lag behind the Philippines when it comes to education. In
the final analysis, “Innovation depends to a large extent on
workforce skills that are largely determined by public educa-
tion systems” (OECD, 2013: 109). Innovation system functioning
is hampered by its least effective component. It is clear what is
holding us back.

2.5 The innovation system approach in South Africa
Governments play an important role in innovation systems, set-
ting innovation policy, ensuring an enabling environment, and
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intervening directly when the need arises. South Africa’s White Paper on S&T not
only introduced the idea of the NSI, but also scoped out the attributes that it should
meet in addressing national development. The White Paper followed the 1993 IDRC
Mission to South Africa that carried out an OECD-style review of the then S&T policy.
The Mission took place in the closing days of the security state, and perhaps for fear
of any deference to control mechanisms went so far as to advocate high freedom
for science by invoking none other than Michael Polanyi’s Republic of Science as an
appropriate guide for the future.

Mission leadership and the main technical advice for the White Paper came in the
person of a former Chair of the OECD Science and Technology Policy Committee
so that much of its thinking aligns with the mainstream of OECD thinking of that time.
The White Paper offers what might be termed a catholic definition of the national
system of innovation “as a set of functioning institutions, organisations and policies
which interact constructively in the pursuit of a common set of social and economic
goals and objectives” (DACST, 1996: 20). To enable such interaction, the White Paper
laid out the government role in policy formulation and regulation, provision of fund-
ing to promote research and innovation, ensuring mechanisms for technology trans-
fer, intervening in cases of market failure or direct national need, human resource
development and capacity building and the provision of infrastructure. In addition,
it argued for the use of foresight and forecasting methods to inform priority setting,
and for the system as a whole to be subject to performance measurement to ensure
accountability and transparency. These principles were and are consistent with the
best practices outlined above.

The White Paper was silent on coordination mechanism for the to-be-transformed in-
novation system, and for its part the R&D Strategy of 2002 did not address the issue.
Instead, through the subsequent New Strategic Management Model of 2004, the co-
ordinating mechanism of the Science Vote was abolished. The rationale for this was
that DACST should address cross-cutting issues of S&T without intruding on the turf of
sector-specific departments, and would instead provide an overview of what was
happening across government by aggregating the S&T budgets of these depart-
ments. The R&D Strategy also motivated the transfer of the CSIR from the dti to DST.

It then fell to the OECD Review of 2007 seriously to highlight the potential governance

failure that the absence of coordination presented. The matter remained dormant

until the new Minister of S&T of the Zuma administration appointed a Ministerial Re-

view Committee (DST, 2012: 3) to advise on:

< The framework conditions to achieve coordination and coherence of the com-
ponents of the NSI to ensure a functional and effective system that will deliver
innovation-driven national economic and social development.

< The appropriate institutional arrangements and structures (existing, or to be es-
tablished) that will direct the NSI, and will highlight and prioritise future challenges
and research needs, and set out a suitable timeframe for addressing them.

The Committee duly gave its view on the state of coordination exhibited by the
system, the desired extent thereof, and the mechanisms it considered necessary to
achieve this. Where the previous R&D Strategy, Ten-Year Innovation Plan (TYIP) and
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OECD Review had either skirted the matter or reported in general terms, the Com-
mittee gave serious attention to the issue. Its diagnosis of the state of coordination
(DST, 2012: 10) was that

a common understanding of the role of research and innovation in achieving
the priority goals of the country, and the need for more closely coordinated
activities to achieve these ends, remain elusive ... (There was) ... very limited
horizontal and vertical coherence and integration of purpose and effort be-
tween the various agencies of the NSI.

(So that) ... R&D activities appear to be highly fragmented, with the risk or
even the reality of duplicated or contradictory effort ... (and) the limited level
of coherence and coordination (has the effect that) business has been inad-
equately included in the conception and coordination of the NSI.

After taking evidence, the Committee concluded that:

... the most pressing matters concern the need for strengthened and coordi-
nated governance at the highest level ... dramatically improved resourcing
to critical mass directed at a limited number of priority areas, urgent meas-
ures to address the broad range of skills needed for the vitality of the system,
and the much greater involvement of business in the NSI policy arena.

With this in mind, the Committee recommended the inception of a representative
apex body, a Presidential level “NCR/I’. This body would be responsible for prioritisa-
tion, agenda setting and highest-level coordination of effort. Such bodies are to be
found in many of most successful NSlIs around the world — Korea, Japan, and Finland.
The second mechanism for coordination would be through the introduction of *Sci-
ence Vote 2’ in the form of the Research and Innovation Vote that would “function
as a macro-coordinating mechanism to ensure that the country’s public researchers
in all public research-performing institutions (i.e. both HEIs and science councils), are
adequately supported to perform their work. The NCRI, in consultation with cognate
advisory bodies, should provide the oversight of the broad size and shape of this al-
location” (DST, 2012: 17). At the time of writing, the Minister of S&T has declared his
intention not to create another statutory body, but rather to convene an annual
Summit on STl as a means to bring the various players in the NSI together.

How then does the innovation system perform? More detailed answers to this ques-
tion are provided in Chapters 3, 4 and 5 below. Here it is useful to offer some views
from the outside, namely the assessments of organisations such as the WEF, INSEAD-
WIPO and the World Bank. But first a caveat: many of these assessments are based
on the subjective impressions of a select group of business sector respondents, rather
than from large representative surveys. Investment decisions are of course taken on
a mix of hard data and subjectivity, so that the caveat may be more a recognition
of reality than an inherent defect.

The twelve-pillar assessment scheme of the WEF Global Competitiveness Index (WEF,
2012) categorises South Africa and China as among 33 efficiency-driven economies,
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with India in the factor-driven group and Brazil and Russia in transition toward being
innovation-driven. The sources of this assessment are Business Leadership South Af-
rica and Business Unity South Africa through the WEF Executive Opinion Survey and
other databases of OECD, UNESCO, etc. According to the ‘innovation and sophisti-
cation factor’, South Africa (42) lies midway between Brazil (39) and Chile (45), whilst
on basic requirements it stands at 84, as does higher education, while for financial
market development it stands at rank 3, behind Singapore (2) and Hong Kong (1).

On the other hand, the INSEAD-WIPO Global Innovation Index (Gll) places South
Africa at rank 54, above Brazil and below Chile. The various factor scores that place
us above our overall rank include ‘ease of obtaining credit’ (1), securities exchange
activity (9) and ‘protection of investors’ (10), thus confirming the WEF rankings for the
financial sector. University-industry linkage has the relatively high rank of 25.

The Knowledge Economy Index (KEI) (World Bank, 2013) places us at rank 67, a de-
cline of 15 places since 2000, largely because of poor rankings on ICT penetration
(98) and education (81). ‘Innovation’ ranks at 44 suggesting that the former two fac-
tors, together with poor economic incentives are retarding the innovation system.

What the above assessments point to is that if policies beyond the reach of the DST
are out of alignment, the innovation system will not prosper. This is most clearly dem-
onstrated in the WEF results: excellent financial performance; poor general educa-
tion; low overall rank.

The next chapter provides the reader with an in-depth review of policies that have
shaped and impacted the innovation system. It shows that over nearly two decades
of incubation the innovation system approach has gradually diffused into the wider
policy debate.
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Policies, Strategies, Plans and Reviews

3.1 The innovation system in national policy

As argued above, the development and performance of in-
novation systems is strongly dependent on the overarching
context of a country for support, resources and regulation. Its
evolution is intimately connected with, and contributes to the
political, social and economic fortunes of the environment in
which it finds itself. The events of 1990 constituted a watershed
moment for the South African system as discussions to disman-
tle the apartheid machinery and overhaul the entire system in-
tensified. S&T was not spared scrutiny as some of its institutions
were regarded as pillars of the apartheid repressive apparatus.
There was optimism that the high concentration of R&D within
the military institutions would metamorphose into civilian R&D.
This chapter considers the way that a selected set of policies
dealt with S&T and innovation.

We naturally commence with the 1994 Reconstruction and De-
velopment Programme (RDP).

3.1.1 Setting the basis: the RDP

The overarching policy statement of the democratically elect-
ed government was the RDP that set out to mobilise the people
and the country’s resources for the eradication of poverty, and
improving health, education and social cohesion as recorded
in the Government Gazette 1954 of 1994. The RDP noted that
S&T had an important role to play in the development of all
sectors of society but did not use the terminology of the innova-
tion system, and its discussion of economic policies made only
a passing reference to innovation in public enterprises. It did,
however, propose the restructuring and refocusing of major in-
stitutions supporting industrial innovation, such as the Industrial
Development Corporation (IDC) and the Small Business Devel-
opment Corporation. The Office of the RDP, as a Ministry in the
Presidency, had a short life, being closed in April 1996 as a re-
sult of tensions with the Treasury concerning the control of do-
nor funds at a time of financial stringency. The new economic
policy of government was to be the Growth, Employment and
Redistribution (GEAR) strategy.

3.1.2 GEAR and innovation

Faced with external pressures and instability of the Rand, and
concerns over the commitment to sound macroeconomic
policies, government introduced the GEAR strategy to restore
confidence and enhance credibility. GEAR was built upon the
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strategic vision set out in the RDP by committing government to specific macro tar-
gets, and included a phased fiscal deficit reduction plan that was more ambitious
than its predecessor (Lewis, 2001:4). GEAR provided an opportunity to improve policy
coordination, and amongst other efforts set out to enhance the industrial innovation
support programmes. This included retaining the Support Programme for Industrial In-
novation (SPIl), which had some positive impacts on domestic innovation, as well as
the matching grants scheme of the Technology and Human Resources for Industry
Programme (THRIP), designed to strengthen the relationship between educational
institutions and industry. The technology transfer programme of the Department of
Trade and Industry (the dti) that served to oversee and advise on licensing and roy-
alty agreements, was to be converted into an agency dedicated to facilitating ac-
cess by firms to required technologies. GEAR policy put much emphasis on the de-
velopment and support for industrial innovation, but did not mention the NSI and STI
directly.

3.1.3 AsgiSA and JIPSA

The Accelerated and Shared Growth Initiative for South Africa (AsgiSA) was launched
In February 2006, and identified six “binding constraints on growth” that needed to
be addressed to achieve shared growth of 6% and the halving of unemployment
and poverty by 2014. AsgiSA made no reference to the S&T White Paper, the NSI or
any innovation policy whatsoever. It did, however, refer to financial systems innova-
tion. Coupled to AsgiSA was the Joint Initiative for Priority Skills Acquisition (JIPSA)
introduced in 2006 to close the skills gap between current and potential employees
and employment opportunities. The JIPSA steering committee consisted of the dep-
uty president, key ministers, business leaders, trade unionists, education and training
providers, and experts. Its task was to identify urgent skills needs and to develop quick
and effective solutions. Solutions included special training programmes, the goal of
bringing retirees back to employment, engaging with the South African diaspora,
and, where necessary, drawing in new immigrants. It also included mentoring and
overseas placement of trainees to fast-track their development. The JIPSA strategy
document did not mention the concept of the NSI or STl or innovation but focused
on human capital development.

3.1.4 Recognition of innovation through the NGP

The New Growth Path (NGP) launched in 2010 saw innovation as vital to achieving
economic growth in South Africa. The NGP stressed that technology policy should
allow space for some basic research, but even more importantly should promote
myriad, often small and incremental innovations on the shop floor, especially in em-
ployment creating activities. Another link of the NGP policy to the NSI, was in target-
ing the creation of 100 000 new jobs in the knowledge-intensive sectors of ICT, higher
education, healthcare, mining-related technologies, pharmaceuticals and biotech-
nology by 2020. The NGP pointed out the importance of emulation, adaptation and
diffusion of existing technologies that would support large-scale employment crea-
tion and improved livelihoods. It advocated active industrial policy in which develop-
ment of knowledge-intensive sectors and green technologies needed new kinds of
education and training, greater R&D support, as well as the establishment of learning
organisations in enterprises and state agencies (Presidency, 2010). The NGP made no
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explicit reference to the NSI, but referred to strengthening tech-
nological innovation, supporting research, development and
entrepreneurship. Coherence, coordination and collaboration
as an important strategy to achieve employment, economic
growth and quality of life were emphasised as important goals.

3.1.5 The NDP

The National Planning Commission (NPC) was established in
2009 to chart a new path for South Africa that would eliminate
poverty and significantly reduce inequality by 2030. Like oth-
er national policy documents aimed at socio-economic de-
velopment, the NDP recommendations are centred on eco-
nomic effectiveness. Concepts central to the NSI now emerge
throughout the document - science and technology innova-
tion, industrial innovation, education and training innovation
and social innovation. In some part, this new emphasis is per-
haps reflected in the composition of the 26 Commissioners,
a third of whom have backgrounds in science, engineering,
technology, health and environmental science. This might ac-
count for the shift in the fortunes of STI.

The government’s acceptance of the NDP as the blueprint for
the country over the next 20 years presents a unique opportu-
nity to reposition the NSI by communicating correctly the sig-
nificance of innovation and why it is important for the nation’s
future.

The NDP reasons that achievement of the goals of eliminat-
ing poverty and reducing inequality will require a far greater
commitment to deepening the productive base, whether in
agriculture, mining, manufacturing or services. The NDP further
stresses that for these goals to be successful, continuous learn-
ing and innovation, coupled with substantial R&D and support
for commercialisation, are essential.

The plan asserts that South Africa’s competitiveness will rely on
“national systems of innovation that permeate the culture of
business and society”. The innovation system should function
in a coherent and coordinated manner with broad common
objectives aligned to national priorities. The NDP envisages
a system of innovation driven by S&T, with higher education
and training, public enterprises and private businesses and in-
dustries operating in a common framework to address press-
ing challenges, with special consideration given to dedicated
programmes in water, power, marine, space and software
engineering in which South Africa is considered to have both
comparative and competitive advantage. Although some

The NDP represents
novel thinking about
innovation. It adopts
and advocates a
system-wide view of
STl. Any recommen-
dations fo re-energise
the NSI cannot be
seen in isolation

from the NDP, and
innovation actu-

ally becomes a key
enabler for many of its
elements.
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technologies may not be cost-effective in the short term, South
Africa’s plans need to take a long-term view and consider the
possibility that technology will radically transform infrastructure,
mobility and the development of cities, towns and rural areas.

The World Bank conception of innovation through its emphasis
on the need for the NS| to serve the needs of society could
play an important role for the attainment of NDP targets in the
country. The key issue for developing countries is to strike the
right balance between using and attracting existing technol-
ogy and knowledge, and adapting these to the local context,
while simultaneously pursuing focused research and develop-
ment, including that which is regarded as ‘frontier technology’,
in domains where there is local advantage.

In brief, the NDP considers the NSI as a vital means for improving
the quality of life and improving economic competitiveness. It
emphasises continuous learning, partnerships, networks, coor-
dination and coherence as essential for economic growth. Of
utmost importance is collaboration among government, busi-
ness and industry, research institutions, including science coun-
cils and universities, as well as the public at large.

The NDP represents novel thinking about innovation. It gives
greater prominence to STl than any of the preceding policy
documents and, importantly, adopts and advocates a sys-
tem-wide view of STl in relation to broader society. It takes the
concept out of the sole domain of the DST and considers it to
be relevant across government. Any recommendations to re-
energise the NSI cannot be seen in isolation from the NDP, and
innovation actually becomes a key enabler for many of its ele-
ments.

3.2 Specific innovation policy initiatives

The 1996 White Paper on S&T introduced the relatively new
concept of a NSI, as well as the importance of ‘innovation’ as a
key driver for both economic growth and social upliftment. The
White Paper made a most important statement against which
the implementation strategy should be assessed.

Throughout the White Paper, the theme of innovation,
as opposed to S&T itself, has been made central to the
determination of policy and strategy. This is a crucial fo-
cus — excellence in S&T does not necessarily translate into
innovation. The transformation of new ideas into com-
mercial successes, which are so important to the nation’s
ability to achieve economic growth, employment crea-
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tion and competitiveness, requires that attention be given not only to R&D and
the technological factors of innovation, but also the social, institutional and
market factors such as adoption, diffusion and transfer. In some cases, these
non-R&D costs may account for as much as 60% of the total innovation cost.
In the past, policies designed to improve the S&T output of a country have
not recognised the importance of non-technological factors to the innovation
cycle. As a result, S&T initiatives have often failed to deliver consistently and
coherently against promises of economic growth and employment creation.

The White Paper on S&T went further, proposing the development of a number of new
studies, reviews and instruments designed to enhance the ‘system of innovation’ but
one should question how far the policies and strategies indeed moved beyond not just
a S&T focus, but an R&D focus.

One of the first strategies to be introduced after the White Paper on S&T is on biotech-
nology, followed by the R&D strategy.

3.2.1 Biotechnology Strategy, 2001

The 2001 National Biotfechnology Strategy for South Africa dedicated a section to how
biotechnology innovation proposed a set of biotechnology regional innovation cen-
tres ( BRICs) and the establishment of a Biotechnology Advisory Committee (BAC). It
included roles for anchor investors, incubators and technology platforms. The strategy
is currently under review, with a second strategy due in late 2013. The review arose
for a number of reasons, including the absorption of the BRICs into the new TIA; failure
to form the recommended BAC that was to oversee implementation and act as a
coordinator to promote coherence; and despite investment of some R 500 million on
platforms and specific projects to launch companies based on locally developed re-
search, there was little evidence of success.

This situation raises the important question — “What have we learnt from this experience
and how should DST and TIA incorporate this learning?” It appears that no formal re-
view, with interviews of the BRICs, their beneficiaries, government officials responsible,
the broader biotechnology industry and research groups was ever undertaken.

3.2.2 National Research and Development Strategy, 2002

The National R&D Strategy set out to address weaknesses in terms of STI funding, hu-
man resources development, the apparent decline of R&D in the private sector, intel-
lectual property leakage, and fragmentation of government’s S&T efforts. To achieve
these goals, the strategy called for the establishment of five new technology missions
- biotechnology, information technology, technology for manufacturing, resource-
based technology, and technology for poverty alleviation. These missions were to be
advanced by a new body, the Foundation of Technology Innovation, modelled on
Finland’s TEKES. Although the R&D strategy recognised the crucial need for coordina-
tion between government, business, universities and research agencies, it did not pro-
vide mechanisms through which this could be addressed. The Department of Trade
and Industry initiatives, such as THRIP and SPIl, were mentioned as ways to link the
public sector with business, but there was no explicit integration with other sub-sets of
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the wider innovation system. There was oblique reference to technology innovation
and links with universities. Essentially the R&D strategy reads asa strategy for science
rather than being pro-innovation. While the strategy claimed to be evidence-based,
it used flawed data and did not properly contextualise the lessons that it drew from
comparator countries. The underlying ethos of the strategy maintained linear model
thinking, rather than advancing the interactive thinking that is believed to character-
ise innovation systems.

3.2.3 The Nanotechnology Strategy, 2006

The Nanotechnology Strategy sought to position South Africa as a player in this emerg-
ing field, claiming that nanotechnology would cut across biotechnology, technology
for manufacturing, information technology, natural resources sector exploitation, and
by extension could contribute to poverty reduction. A Technology Innovation Network
was proposed to support the implementation of the strategy, but as with other initia-
tives, human resources, infrastructure, and monitoring and evaluation of the initiatives
proved to be a challenge.

3.2.4 The Ten-Year Innovation Plan

The Ten-Year Innovation Plan (TYIP) 2008 - 2018 was launched with the aim of trans-
formation towards a knowledge-based economy in which the production and dis-
semination of knowledge both drove economic benefits and enriched all fields of
human endeavour. The focal concern of the plan was to address the government
socio-economic mandate, particularly the need to accelerate and sustain economic
growth and further contribute to the development of the NSI. The plan also recognised
that while the country’s S&T was progressing, there was still a huge gap between South
Africa and knowledge-driven economies — the WEF of ‘innovation driven’ economies,
such as Korea, Finland, Singapore, Sweden, Germany and the US.

The TYIP, building on the R&D Strategy, referred to the failure to commercialise the
results of scientific research, as well as the production of knowledge workers in terms
of quality and quantity. The plan is structured around five Grand Challenges designed
to stimulate multidisciplinary thinking and develop new technologies. The plan sets out
objectives, indicators and targets for where the system should be by 2018. These are
stretch targets, which NACI (2012) found to be highly ambitious.

3.3 The NSI as a learning system

3.3.1 SETI and system reviews

Following the White Paper recommendations, the Department of Arts, Culture, Sci-
ence and Technology (DACST) commissioned reviews of the Science, Engineering and
Technology Institutions (SETIs) and the system as a whole. The purpose of the reviews
was to take stock of the S&T institutions in terms of human resources, infrastructure,
funding and mandates. DACST managed the review process and assembled panels
of experts who submitted their reports to the Minister. The ARC received a report highly
critical of its staff demographics, but in the main, the reviews of the other SETIs con-
fined themselves to commentary on research excellence. No major transformation
followed the tabling of the individual SETI or system-wide reviews.
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After the 1997 system-wide review, individual institutions reviews followed for NACI in
2003, the National Research Foundation (NRF) in 2004 and 2010, the MRC, and the
CSIR. The NACI 2003 review concluded that NACI should provide the government
with well-researched advice on both policy and performance of the NSI, using a
group of experienced and active people selected from the many different areas
within the system. It also recommended that the NACI Act should be amended so
that an independent CEO could be appointed by the board. With the New Strategic
Management Model in place, DST and other line departments now took up positions
on SETI boards, in theory thereby bringing the SETIs closer to government. This prac-
tice lasted some three years and seems since then to have been quietly abandoned
or at best, down-scaled.

At present, the responsibility for carrying out reviews of the science councils now rests
mainly with their line departments and their individual boards. The system of reviews
has become less frequent, and the degree to which the results of the reviews are
made publically available in order to ensure transparency, has not been adequately
addressed.

3.3.2 National Research and Technology Foresight study, 1999

The National Research and Technology Foresight (NRTF) study of 1995 — 1999 con-
cluded with the release of some 14 panel reports and a synthesis report (DACST,
1999). The foresight used a mix of methodologies — panel discussion, the Delphi pro-
cess, and the construction of four scenarios. The NRTF envisaged the innovation sys-
tem as displaying both national and regional characteristics.

The NRTF was a highly innovative process and one of its benefits was to bring a new,
young, and more representative group of scientists and technologists into the policy
formulation process, and to build considerable stakeholder participation. However,
despite the original statement of intent that the NRTF findings would be taken for-
ward by means of an implementation plan, the call for proposals to develop and
manage the implementation plan was terminated. While the R&D Strategy claims
to have been informed by the NRTF findings, it is in fact difficult to find any such link.
What the strategy did explain, however, was that the foresight implementation plan
had been terminated through the unavailability of further donor funds. This might be
taken to indicate that foresight was not felt to be the core business of the DACST, or
that other more pressing demands pushed it aside.

3.3.3 OECD Review

In 2006, the DST commissioned the OECD to conduct a review of South Africa’s inno-
vation policy. The OECD Review process entails a country self-assessment followed by
in-country fieldwork and subsequent presentation of the country report for response
by the responsible authorities. NACI (2006) produced the self-assessment and a four-
person review team spent a fortnight interviewing key stakeholders. The impression
NACI (2006) created was that ‘innovation’ is in fact a ‘building block’ additional to
R&D and human capital, in this case driven by government using ‘policy, governance
and resourcing’ in a top-down approach with the role of business and ‘public and
private users’ being the recipients. According to the NACI perspective, the state was
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the dominant driver of innovation, which as global experience attests is far from real-
ity. If there was confusion as to what an NSl is expected to do, then this representation
only compounded the problem. To use such an organisational model to guide the
later focus areas and implementation parameters would indeed be most difficult. The
NACI report outlined the ‘responsibilities’ of the various government departments, the
business sector and non-governmental organisations (NGOSs) in a compartmentalised
view, but little was said of those aspects that require complex and deep interactions
between all the participants to generate the supportive eco-system for innovation to
thrive. In particular, it considered that DST should assume direct management respon-
sibility for S&T, as detailed in terms of policy formulation, funding, performance and
international relations.

The review team duly carried out their work and tabled their findings to a large stake-

holder meeting at The Innovation Hub in Gauteng. The review arrived at a number of

quite critical findings that were later endorsed by the Ministerial Review Committee.

The following observations are worth repeating (OECD, 2007):

= There seemed to be only a limited horizontal coherence and integration between
agencies in the NSI, and no cabinet-level coordinating body had yet been suc-
cessful in devising and monitoring national level strategies for innovation, and mar-
shalling the resources needed for these.

< NACI’'s mandate was hamstrung by the fact that it reported to the DST and thus
had no structural location that would afford it the authority needed for effective
coordination of a national system.

= Business was insufficiently involved in building the NSI.

= The concept of a NSI has as yet gained limited currency, both in the extent to
which it was understood as something wider than the sum of traditional R&D ac-
tivities, and in the extent to which it had been absorbed into the strategies of key
actors (including government departments and higher education institutions).

= The notion of innovation - in all its dimensions, including technical, economic and
social — was poorly understood, especially on the demand side.

One might have expected these findings to have become the source of a very active
debate across all the actors in the NSI. Instead, nothing transpired, and the subsequent
TYIP appears to have taken no account whatsoever of the OECD views.

3.3.4 Ministerial Review Committee on the STl landscape in South Africa

The most recent appraisal of the NSl is the Ministerial Review Committee report on the
STl landscape in South Africa that was gazetted in May 2012. This report provides an
overview of innovation policy from 1997 to 2007. Although the review was narrowed to
this period, it naturally considered policy discussions from the dawn of democracy to
2010 when the Committee was appointed.

The Ministerial Review Committee regarded innovation as the capacity to generate,
acquire and apply knowledge driven by R&D, as well as the forms of learning and
adaptation that might be market-led or socially driven. The report further indicated
that innovation is to advance economic and social purposes. To them, innovation in-
cluded the search for frontier technologies fundamentally uncertain, highly contex-
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tual and path dependent, but it is at the heart of moving the country from its present
mix of resource and efficiency-driven economic activity to one that is driven by the
generation and application of knowledge.

The Ministerial Committee further found that there are inadequate resource flows
in the NSI, both in quantity and quality, between its actors and in the system as a
whole, whether this is for formal R&D or VC for start-ups and innovative enterprises.
Adequate knowledge infrastructure is a crucial condition for a well-functioning NSI.
This refers to the set of universities, vocational colleges and state laboratories with
equipment for research and to the provision of utilities, such as reliable energy sup-
ply, communications and transport, and especially ICTs, such as broadband and
computing power. The report noted that the earlier National Research and Technol-
ogy Audit and its later NACI-commissioned update, concluded that the public re-
search system was seriously under-capitalised, and that inputs of around R700 million
at current prices would be needed annually over six to seven years for its renewal,
around double what is currently being invested.

In their critique of the Ministerial Review Committee report, Walwyn and Hagen-
dijk (2012) commented that resolving the apparently low profile of innovation policy
within the Cabinet, the weakness of the DST in government, and the general lack of
an innovation culture within the state and society, would demand strategies such as
policy cohesion with other government initiatives (such as the NDP). This would call
for the enunciation of a clear message of benefit; securing external funding sources
in addition to National Treasury; and establishing binding alliances across and espe-
cially beyond government, that is, with industry and with civil society organisations.
New structures might be of some help in achieving these strategies. In reviewing the
recommendations of the report, however, they felt that many of these matters did
not achieve sufficient prominence. The governance recommendations did address
many of the deficiencies of integration, but there was still a strong emphasis on the
R&D element without the necessary balance on other important issues. Walwyn and
Hagendijk (2012) were also critical of what they felt was a long, but un-prioritised list
of recommendations. However, one could argue that this approach had some merit
as it led to rapid implementation of at least some of the recommendations, which
has in fact happened, e.g. review of TIA and of cyber-infrastructure; review of physi-
cal infrastructure and sectoral innovation funds.

3.4 Other government initiatives

3.4.1 Department of Trade and Industry perspectives

The R&D strategy (2002) pointed out that venture capital stimulation and fiscal incen-
tives to encourage and enhance private sector participation were the responsibility
of the dti and its agencies, the IDC and the Small Enterprise Development Agency
(SEDA). The main objectives of the dti are to facilitate transformation of the econ-
omy through promoting industrial development, investment, competitiveness, em-
ployment creation and broad-based economic participation. Technology-oriented
supply measures promoted by the dti include the SPIl, Technology Venture Capital
(TVC), THRIP, SEDA and the SEDA Technology Programme (STP).
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Through the Industrial Policy Action Plan (IPAP) of 2007, the dti identified priority sec-
tors based on substantial growth and employment potential. IPAP 2 2011/12 -2013/14
made reference to technology innovation, specifically noting the DST and NRF strat-
egies that set the overarching framework for technological interventions, particularly
on the research side. IPAP 2 proposed to increase the focus of efforts in support for
the commercialisation of processes and product innovations and new technologies.

The Strategic Plan for 2012 to 2016 of the dti maintains that despite the existing pro-
grammes and various initiatives to support small, medium and micro enterprises
(SMMEs), this sector has not experienced substantial growth. SMMEs still face chal-
lenges of access to financing, the cost of finance and accessing technical support
in general. While there are a few success stories, the lack of adequate data, as well
as inconsistent monitoring and evaluation, make it difficult to assess progress.

3.4.2 Human capital development

The Human Resources Development Strategy for South Africa: A Nation at Work for
a Better Life was adopted in 2001. The mission of the strategy was to maximise the
capabilities and the potential of the people of South Africa, through the acquisition
of knowledge and skills, to work productively and competitively in order to achieve
quality of life for all. In 2009, the DHET revised and renamed the strategy as the Hu-
man Resources Development Strategy for South Africa 2010 — 2030 (HRD-SA).

The central concern of the HRD-SA is to accelerate the development of skills to
match supply and demand. It argues that economic competitiveness is measured
not only by the aggregate skills of a country’s workforce, but more importantly by
the flexibility and capacity of the workforce to adjust speedily to rapid changes in
technology, production, trade, and work organisation.

The HRD-SA maintains that the conventional definitions of human resources develop-
ment (HRD) generally tend to focus solely on strategies that are aimed at using skills
development and supply to promote economic growth. While the promotion of eco-
nomic growth is a pre-eminent objective for HRD in South Africa, it certainly does not
constitute the sole objective of our development agenda. HRD-SA is based on the
National Skills Development Strategy (NSDS) 2005 - 2010 (including the Scarce Skills
List 2007); the Basic Education Strategic Plans (early childhood development, school-
ing, adult education); the Further Education and Training (FET) Strategic Framework;
the Higher Education (HE) Strategic Framework; Immigration Policy; and the HRD
Strategy for the Public Sector.

As to the link between the HRD-SA and STl policies, one of the HRD-SA aims is to
ensure that South Africa is ranked in the top 10% of comparable countries on the
various technology and innovation indices. The HRD-SA strategy aims to improve
technological and innovation capability and outcomes by increasing the number
of skilled personnel in areas of science, engineering and technology, and improving
performance in teaching, research, innovation and the commercial application of
high-level science, engineering and technology knowledge.
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Another DHET initiative is the National Skills Development Strategy Il also launched
in 2009 to increase access to high-quality and relevant education and training and
skills development opportunities, including workplace learning and experience, to
enable effective participation in the economy and society, and reduce inequalities.
The strategy noted that there was currently no institutional mechanism that provided
credible information and analysis with regard to the supply and demand for skills.
While there are a number of disparate information databases and research initia-
tives, there is no standardised framework for determining skills supply, shortages and
vacancies, and there is no integrated information system for skills supply and de-
mand across government. The NSDS Il sees its task to promote occupational direct-
ed research and innovation, and improve technological and innovation capability.

3.5 Presidential programme of action reviews

The starting point for the review was the twin challenges of 1994: developing policy
and legislation in line with the democratic constitution; and virtually simultaneous in-
stitutional transformation. As the first Premier of Gauteng Province put it, ‘we build the
aeroplane, while we fly it’. Second, the government had to deal with the legacy of
apartheid within South Africa, whilst at the same time facing new challenges of inte-
grating the country in a rapidly changing global environment. The Presidency assess-
ment of 2004 Towards a Ten-Year Review made no reference to the NSI per se, with
technology and industrial innovation seen as critical to achieving economic growth.

The Fifteen-Year Review of 2009 took stock of progress of the government pro-
gramme of action, identified shortcomings and challenges, and how to improve
development efforts. In looking towards the future, the review identified broad stra-
tegic thrusts rather than detailed programmes. The review praised government for
introducing the TYIP. The explicit reference to the TYIP might be taken as a sign of the
burgeoning importance that S&T was being given by the Zuma administration.

3.6 Concluding remarks

This chapter assessed whether policy for STl as key contributors has received broad
recognition. It has been shown that macro-economic policy showed an incremental
awareness and recognition of the role that STl play in addressing the critical chal-
lenges of the country. In the RDP and GEAR policy documents, it is clear that R&D,
technology development and the concept of innovation were treated quite sepa-
rately. Even “Towards a Ten-Year Review of Government Programmes” interpreted
the concepts as isolated. But the Fifteen-Year Review swung around to endorsing
the TYIP.

Although the concept of the NSI was advocated in 1996, it was only toward 2009
that the concept began to be more generally accepted, as evidenced in the 2009
National Human Resource Strategy, National Skills Development Strategy lll and to
a lesser extent, the dti strategic plan for 2012 — 2014. Other departments such as
Health, Basic Education, Energy, Water and Environment do not provide readily ac-
cessible data to demonstrate their role in and link with the NSI. Although there were
some intergovernmental departmental meetings, for example the annual ministerial
meeting of the DHET and the DST, there is not much evidence to suggest that the
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inter-ministerial coordination and collaboration relating to the building of a NSI was
taking place. The Ministerial Review Committee concluded that there was a limited
level of coherence and coordination among cognate government departments,
with R&D efforts being highly fragmented. Business, both established and emerg-
ing, was largely excluded in the conception and coordination of the NSI. The NDP
observed that S&T, the education system, government entities, and private industries
should create a common overarching framework to address the country’s pressing
challenges.

What is evident, however, is that the TYIP, unlike the NDP, appears to have wide con-
stituency support — this might be recognition of the importance of STl, or conversely
could reflect just how unimportant STl issues are in the wider political arguments that
are now paralysing the administration. The very prominence of the TYIP in the Fifteen-
Year Review, IPAP, NGP and NDP could variously be due to real commitment, the
serendipitous appointment of the Director-General of DST as the convenor of the Fo-
rum of South African Director-Generals (FOSAD) Economic Sectors and Employment
Cluster, or simply the low political stakes attached to issues of research and innova-
tion. Whatever the reason, the prominence should be exploited to the full.

In summary, it is not unreasonable to claim that the conceptualisation of an innova-
tion system and governance have been inadequate from the outset.

Moreover, the governance structure centred on DACST-DST, whose later New Stra-
tegic Management Model was found to be largely beyond the power of DST to
implement. Once the even weak coordinating function of the Science Vote was
terminated, line departments simply related to their PROs as they deemed appropri-
ate. In more than one case, this saw the steady erosion of research infrastructure as
baseline budget increases fell in real terms. This goes some way toward explaining
why line department policies and strategies might have paid lip service to ‘innova-
tion” without seeing their behaviour as impacting on the NSI as a whole. The OECD
Review comment that there was a lack of understanding of the broader concept
of an innovation system rings true since there was no cross-cutting and authoritative
source communicating a unified vision across government, let alone to business.
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The South African school
system features in the
NDP as in the previous
reviews as a major
constraint to a vibrant
NSI.

In terms of perform-
ance, there is a high
achieving core and
a large periphery of
under-performing
schools.

Quantitative Evidence: Inputs, Outputs and
Outcomes

4.1 Introduction

The system of innovation is a complex organism that relies on
numerous direct and indirect inputs as its various component
actors, institutions and constituencies go about their activities.
A wide range of indicators is used to depict and assess the per-
formance of a NSI. South Africa has a well-established national
statistics system, but this does not mean that the system is com-
plete.

Key input data needed to provide comprehensive STl informa-
tion cover the full spectrum of education and training statistics,
information on the institutional actors in the NSI, R&D, and inno-
vation activities. Among these, the state of the pipeline of learn-
ers completing school with high achievements in science and
mathematics is a critical component. Another often neglected
pipeline is the supply of technical skills. Ultimately, successful
innovation systems stand or fall on the quality of their school
and technical education systems. An additional important in-
put indicator is R&D expenditure. Not only are there gaps, but
as is true for all systems, there are occasional changes in meth-
odology that make time series comparisons inappropriate and
difficult.

Output measures include research publications, number of pat-
ents, number of trademarks and the technology balance of
payments.

4.2 The skills pipeline

4.2.1 Human capital: school level

This analysis will start with an assessment of the school level. By
law, the school system is now non-racial, with nominally open
access. In practice, the school system continues to reproduce
class divisions, and these follow racial cleavages. The school
system is bifurcated with a high achieving core, and a large
periphery of under-performing schools. In the main, the core
consists of high fee-paying private schools, the more modest
fee-paying ex-model C schools, and a clutch of well-perform-
ing schools in the black community. There has been significant
expansion in the number of high fee-paying schools.

The school curriculum has seen considerable reforms; the most
important being the attempt to replace what was viewed as

There has been a
large injection of funds
into the teaching pro-
fession to raise certifi-
cation levels. By 2010,
over 67% of teach-

ers had a four-year
teaching qualification
(increased from 25%

in 1998).
]

South Africa spends
6% of GDP on educa-
tion, the 38™ highest
in the world.

Learner participation in
school falls off sharply
after Grade 10, reflect-
ing government policy
of compulsory school-
ing fo age 15 and the
point where learners
may enter the labour
market at age 16.
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teacher-centred rote learning with learner-centred outcomes-
based education. From 2008, with the abolition of the three-
level Senior Certificate (higher, standard and lower grade),
mathematical literacy or mathematics were made compul-
sory subjects in the National Senior Certificate (NSC). (The 1994,
ANC Policy for Education and Training did in fact call for both
mathematics and a science subject to be compulsory through-
out the years of schooling. Thus far it is only the mathematics
requirement that has become national policy.)

In parallel, the teaching profession has enjoyed large injections
of public funds to raise certification levels, to the extent that by
2010, over 67% of teachers had a four-year teaching qualifica-
tion (admittedly of highly variable quality)up from 25% in 1998
(CEPD, 2011).

These various inputs equate to spending 6% of GDP on educa-
tion that places us at 38™ highest in the world, well above the
average. On a purchasing power measure, our teachers are
paid at rates among the highest in the Commonwealth.

In terms of participation in schooling, the sharp

fall off in enrolment after Grade 10 reflects the point
when most learners reach age 16 and may enter

the labour market (Table 1). Furthermore, compulsory
schooling is only to age 15.

Table 1: Enrolment ratios by grade for 2011

Grade Enrolment ratio
General Education phase gross enrolment ratio 90%

Grade 9 net enrolment ratio 96.5%

Grade 10 net enrolment ratio 100.3%

Grade 11 net enrolment ratio 81.9%

Grade 12 net enrolment ratio 56.9%

Source: DBE, 2011.

It is obvious that sound practice in general education lays the
basis for further education and beyond. For an assessment of
the general education phase, one may turn to Trends in Interna-
tional Mathematics and Science Studies (TIMSS) in which South
Africa has participated since 1995. Even though the TIMSS test
items do not entail a perfect content match with our curricu-
lum, they do provide a reasonable means for benchmarking
and the measurement of progress. Table 2 presents our TIMSS
achievements in the international context since 1999.
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Performance on inter-
national tests reveals
that while the TIMSS
score has increased
since 2003, it is still
much lower than
international levels.

Of concem is that even
the best-resourced
schools only perform
at the intemational av-
erage and. South Africa
is ranked in the bottom
three of 45 countries
that participated in
the TIMSS survey.

Table 2: TIMSS scores (Grade 9), 1999, 2003 and 2011

| Mathematics score Physical science score
1999
South Africa 275 243
International average | 487 488
2003
South Africa 285 244
International average | 467 474
2011
South Africa 352 332
International average | 467 477

Source: TIMSS.

The data show that the international average has remained
static, that the South African scores are way below average
but that the scores have increased sharply. It must of course
be noted that in most countries the test is taken in Grade 8,
whereas our learners take the test in Grade 9. Nonetheless, the
upward move offers encouragement - in the view of TIMSS, the
increase of 60 points for both mathematics and physical sci-
ence is equivalent to a one-and-a-half grade improvement.
The average score of the lowest quintile also rose strongly, so
that overall disparity between the lowest and highest quintiles
decreased. Inter-provincial variation declined, with students in
the former homeland schools showing a greater increase than
their counterparts in other schools.

Whatis worrying, however, is that students in the best-resourced
schools performed only at the international average level, and
that South Africa is still ranked among the bottom three coun-
tries of the 45 that participated in the assessment. Reddy (2013)
explains that the under-performance may be a mix of curricu-
lum and test mismatch, but that teacher qualification is also a
factor; 60% of South African mathematics teachers have a de-
gree, and the corresponding figure for science teachers is 53%,
whereas, the international averages for participating countries
were 87% and 90% respectively.

The next level to consider is the Senior Certificate. Table 3 pre-
sents the Department of Basic Education’s (DBE) attainment
targets, along with the number of ‘passes’ at the 30% level. In
2012, some 511 000 candidates of the ‘born free’ generation,
the survivors of the 1 319 000 Grade 1 class of 2001 sat the NSC
examination.

Table 3: Targets and number of passes (000s) for mathematics and physical science, 2009 - 2012
2009 2010 2011 2012
Target | Pass Target | Pass Target | Pass Target | Pass
Mathematics 125 133 136 125 147 104 158 122
Physical science 120 81 130 98 140 96 150 110

Source: DBE, 2011; DBE, 2012.

It is clear that the
poor state of school
education limits the
potential of tertiary
education. Such
matters cannot fall
outside the discussion
of a NSI as the future
ability to compete in
a global knowledge-
based world is stead-
ily being eroded.

The first cohort took the NSC in 2008: allowing three years for this
educational innovation to bed down, one must observe that
the pass for physical science was and is way below target; that
formathematicsis also lower than target, but not consistently so.
In the view of the DBE, the performance of males and females
in mathematics and physical science has improved. In math-
ematics, the female pass rate rose from 42.4% in 2009 to 49.2%
in 2012; males from 50.2% in 2009 to 59.7% in 2012. In physical
science, the female rate increased from 34.3% in 2009 to 58.9%
in 2012; and for males from 39.5% in 2009 to 64% in 2012 (DBE,
2013). In 2012, the pass rate at 40% or greater in mathematics
stood at 35.7% (80 716 candidates) and in physical science at
39.1% (70 076 candidates). These statistics suggest greater se-
lectivity on the part of schools and candidates; the number of
candidates is down, but the ‘quality’ of the pass rate is up. The
impact evaluation of the Dinaledi Schools Programme (World
Bank, 2010b) attributed only slight improvements in former Af-
rican schools, but little or none in former House of Assembly
schools. The Dinaledi Programme was implemented patchily
and has not made the difference its proposers had envisaged.

No like-for-like comparison can be made with the old higher
grade subjects, but there is the suggestion that the pass bands
of the new subjects are one level below those of the old higher
grade. If so, one might compare the 2012 results with those of
2007 by adding together the number of candidates with E or
better in standard grade and those with F or better in higher
grade for the subjects in question.

South Africa still uses the school completion examination to de-
termine university matriculation, hence the new term ‘Bachelor
Pass’ to replace the previous Matriculation Exemption. In 2012,
a total of 136 047 candidates attained a Bachelor Pass; in 2007,
the number acquiring Matriculation Exemption was 89 838. It is
too soon to tell how these students will fare in higher education.

It is clear that the poor state of school education limits the po-
tential of tertiary education. Such matters cannot fall outside
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the discussion of a NSI as the future ability to compete in a
global knowledge-based world is steadily being eroded.

4.2.2 Human capital: higher education level

Logically the next area for consideration must be higher edu-
cation. Accordingly, Table 4 provides enrolment and gradua-
tion data for the period 2007 — 2011 by subject area.

Table 4: Higher education full-time equivalent (FTE) enrolments and graduates (all levels), 2007 - 2011

Year 2007 2008 2009 2010* 2011

*CESM Cat- | Enrol Grad Enrol Grad Enrol Grad Enrol Grad Enrol Grad
egory

Agriculture  |13465 2271 |13007 |2335 |13247 |2444 |14514 [2580 |16 915 |3 029

i‘i’e”:]‘(’:‘éter 32587 |4252 |34467 |4368 |35209 |4508 [38075 |4756 [36891 |5144

Engineering |59 909 8381 |[62961 [9003 [66827 [9782 [71172 [10200 |77 152 |11 084

Health 46 193 |9432 [49868 [10422 [52439 [11226 [50615 [11202 [51469 [11773

sclences

Life and

physical 290166 |5293 [29563 [5595 [32109 [5735 |46815 [8593 |46 846 |9011

sclence

Mathematics |14 175

2047 (16191 [2427 |17 345 |2411 15384 12036 |21 359 |2 436

STEM Totals  |195 495

31676 [206 057 |34 150 |217 176|136 106 [236 575(39 367 |250 632 |42 477

Grand Totals |760 889

126 618799 490 [133 241|837 779|144 854 1892 936{153 325 |938 200 (160 625

% STEM 25.7

25 25.8 25.6 25.9 24.9 26.5 25.7 26.7 26.4

Source: http://www.dhet.gov.za/Structure/Universities/ManagementandinformationSystems/Graduates/tabid/471/De-

fault.aspx.

*: The Classification of Education Subject Matter altered in 2010 with major changes to health, life and physical

science categories.
I

At the higher educa-
fion level, the pro-
portion of science,
fechnology, engineer-
ing and mathematics
(STEM) enrolments and
graduates (all levels)
has remained steady
at approximately 25%
over the 2007 fo 2011
period.

It is evident that the overall proportion of STEM enrolments and
graduates (all levels) is steady over the 2007 to 2011 period. En-
rolments have grown by 23%, but unevenly across the catego-
ries, with health up by 11%, engineering up by 28%, mathemat-
ics by 50% and life/physical science by 60%. What the above
table does not speak to is the representation of ‘African’ stu-
dents in the graduate output (Table 5).

Table 5: Higher education FTE graduates (all levels), Africans, 2007 — 2011

CESM Category Graduates
Agriculture 2 140
Computer science 3671
Engineering 6 500
Health sciences 6 259

Life and physical science 4710
Mathematics 1476

Total 24 756

% STEM 58.3

Source: HEMIS.

There has been sig-
nificant growth in the
proportion of African
students (including
those from Africa) who
now comprise 58.3% of
STEM graduates.

Access to higher
education still reflects
the historical legacy

of apartheid. In 2009,
participation of students
designated as white
was 56.9%, Indian 44.9%,
coloured 14.8% and
African 13.3%.

Overall progression rates
are problematic: of
the 120 000 students
who enrolled in 2000,
50% dropped out and
only 11% graduated
in three years.
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‘African’, viz. South African students who are black African, plus
students from elsewhere in Africa, comprise 58.3% of STEM grad-
uates. This appears to be a significant indicator of progress to-
ward equity. Up to 1990, Africans were in effect excluded from
engineering; today they comprise 59% of new graduates. But
there are two dimensions that must not be overlooked, namely
access and progression, and these tell a rather different story.

Data from the Council for Higher Education (CHE) on higher
education participation in the 20 - 24-year age band show that
in 2009, this stood at 56.9% for whites; Indians 44.9%; coloureds
14.8% and Africans 13.3%. This clearly reflects the inherited fi-
nancial and, indeed, social capital of the four groups. In the
apartheid era, whites enjoyed a standard of living comparable
with Western Europe, much as did and does the elite in South
America.

Regarding the progression rate, Letseka and Maile (2008) show
that of the 120 000 students who enrolled in 2000, half dropped
out, and only 13 200 graduated in three years. More than two-
thirds of the African and coloured dropouts came from poor
backgrounds. This finding is consistent with that reported by
the Balintulo Committee on the National Student Financial Aid
Scheme (DHET, 2010). For Balintulo the issue was class, no longer
race. For higher education, the issue must be to ask whether
indeed they are adequately responding to the demands that
the new ‘majority classroom’® presents to academia.

An overarching concern must be that engineering enrolments
as indicated in Table 4 above have barely kept pace with en-
rolment growth, and health sciences appear to have contract-
ed: both are critical for the realisation of developmental goals.
It is also useful to have insight into the wider distribution across
fields: through to Honours level, business science, education
and law make up nearly two-thirds of all graduates (Table 6).

Table 6: Graduates by selected qualification and selected fields, HEMIS 2011

3yr 4 yr Honours Masters R | Masters C | PhD Total
Agriculture 307 998 336 179 93 85 1998
Architecture 617 691 501 167 167 13 2 156
Business 14 295 5701 5151 724 1724 129 27 724
Comm
Comp science | 979 714 680 167 53 42 2635
Education 228 5498 6 382 356 215 152 12 831

9This is educator John Volmink’s descriptor.
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Engineering 297 4 458 554 612 256 120 6 297
3yr 4 yr Honours Masters R | Masters C | PhD Total
Health 793 5029 465 570 599 155 7611
Law 721 3420 222 292 328 34 5017
Life sciences 2073 300 1043 460 74 217 4167
Physical 1531 478 965 430 84 176 3664
Mathematics 1198 133 398 105 30 41 1905
Social science |2 420 1520 1086 338 227 99 5690
TOTAL BTYPE 2 545 28940 |17 783 4 400 3 850 1263 |81695

There were about

17 000 permanent
instruction and re-
search staff members
at universities in 2011.
Of these, 35% had
doctoral degrees
compared with the
NDP target of 70%.

Staff levels have not
kept pace with the
growth in student
enrolment and the
number of ‘science
workers' in general
has declined since
2004.

In 2011, a total of 1 576 doctoral degrees was awarded. Ap-
proximately 25% of these were awarded to foreign students
from other African countries. Many of these exit the country
upon graduation, leaving around 75% available to seek em-
ployment, although some of the foreign doctoral graduates
will undertake postdoctoral fellowships that will retain their ex-
pertise in the country. The trend line for PhD production (Figure
2) suggests that by 2018, in the order of 1 200 STEM doctorates
will be awarded, of which a quarter would be to foreign stu-
dents, far below the target of the TYIP.

800
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Figure 2: STEM PhD production, 2006 — 2010

At present, roughly 35% of university instruction and research
staff hold doctoral degrees, with the NDP now setting a target
of 70% by 2030. According to HEMIS, there were some 17 000
permanent instruction and research staff in 2011, at least half of
whom will retire by 2030. Raising the qualification level of staff is a
worthwhile goal that may be driven by legislation and changes
in employment conditions. The question arises as to whether the
desire to raise qualification level will be market-led, or be driven
more actively, and will it be accompanied by an expansion of
higher education staffing? Staff levels have not kept pace with
the growth in student enrolment and would have to be expand-
ed to produce a dramatic increase in PhD graduates.

Technical and voca-
tional education has
been seriously neglect-
ed in policy frame-
works; a total of 13 500
artisans graduated in
1985 compared with

2 548 in 2004.

The challenge now is
to attract working-age
persons to upgrade
their skills, as opposed
to the FET colleges
acting as conduits for
school leavers.
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Finally, there is the often neglected area of technical and vo-
cational education. This sector has seen considerable change
since the 1980s when the state utilities and private sector main-
tained extensive apprentice and upgrading programmes. With
the privatisation and corporatisation of the utilities, and the
growth in services, the demand for technicians fell and these
training schemes declined from 13 500 artisans graduating in
1985 to 2 548 in 2004. Organised labour, responding to past dis-
criminatory practice, successfully lobbied for a new system that
would ensure skills portability. Following the Australian model,
this led to the introduction of a Skills Development Levy and its
use for certified training under the Sector Education and Train-
ing Authorities (SETAs), with the South African Qualification Au-
thority (SAQA) as guarantor of standards. In parallel, the 152
technical colleges were re-organised into 50 further education
and training (FET) colleges with a new qualification structure,
the National Certificate (Vocational).

Table 7: National Certificate (vocational) enrolments (all years of study)

by field, 2010
Field Enrolments
Office administration 25922
Marketing 7 632
Finance, economics and accounting 13 306
Management 8 298
Building & civil construction 10 842
Engineering & related design 18 794
Electrical infrastructure & construction 24 050
Information technology & computer science 11 059
Primary agriculture 2354
Hospitality 7 061
Tourism 7 638
Safety in society 5409
Mechatronics 1200
Education & development 1124
Total 144 689

Source: Cosser et al. (2011).

The FET colleges now resort under the DHET. In the process,
critical skills were lost, with experienced staff being offered re-
trenchment packages. Enrolments have fallen by a quarter
over the last decade and the age and race profile of staff and
students has changed significantly. Cosser ef al. (2011) explain
that the task now is to attract working-age persons to upgrade
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There has also been
a shift from engineer-
ing fields to service-
related fields.

their skills rather than the colleges acting as way stations for
school leavers with no other prospects. No other education
sector has seen such radical changes. Table 7 shows that half
of all enrolments are in service-related fields; while the previous
emphasis of technical colleges was on engineering.

Having addressed the pipeline of skills that can serve the needs
of the research and innovation system, the next matter is to ex-
amine the financial and personnel inputs to the system.

4.3 The inputs to R&D

The inputs to R&D are summarised in Table 8 by means of the
composite indicator, the ratio of GERD (gross expenditure on
R&D) to GDP.

Table 8: GERD:GDP, 1991/92 - 2009/10
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Table 9: R&D expenditure by sector (%), 2001/02 — 2009/10

2001/02 |2003/04 |2004/05 |2005/06 |2006/07 |2007/08 |2008/09 |2009/10
Business/ 54.6 57.6 58.0 59.9 57.2 58.9 59.7 54.1
NPO
Government |20.1 21.9 20.9 20.8 22.8 21.7 20.4 21.6
Higher 25.3 20.5 21.1 19.3 20.0 194 19.9 24.3
education

Source: HSRC (2013).

In 2009/10, R&D
expenditure was:
business (including
state-owned entities)
54.1%; government,
21.6%; and higher
education, 24.3%.

Table 9 shows that the business sector, at around 58% of GERD,
is the main performer of R&D, with higher education and gov-
ernment (science councils, PROs) each accounting for 21%.
This distribution is similar to that of France, Germany and Eastern
Europe. The business sector includes state-owned entities, and
if these are excluded from business expenditure on R&D (BERD),
the business share would fall to around 40%, making our busi-

ness share similar to that of Brazil or Argentina. Back in 1989/90,
the business share was 37%, rising to 47% in 1991/92. The asser-
tion of the R&D Strategy that business was not contributing to

1991/| 1993/ 1995/| 1997/ 1999/| 2001/ 2003/| 2004/ 2005/| 2006/| 2007/| 2008/| 2009/
92 94 96 98 00 02 04 05 06 07 08 09 10

0.84] 0.61 N.S.| 0.60 N.S| 0.73] 0.79] 0.85[ 0.90f 0.93] 0.92| 0.92* 0.87*

Sources: OECD (2011); * HSRC (2013).

Note: NS - no survey.

The GERD:GDP ratio
hovers around the
0.87 level, well below
the target of 1.0.

The 1991/92 R&D Survey found GERD:GDP to be 1.04%, but GDP
was subsequently revised upward (once the homelands were
re-incorporated) so that the official GERD:GDP for 1991/92 is
now 0.84%. Adjusting and rebasing GDP is, of course, normal
practice. This rebasing makes the reduction in GERD: GDP look
less severe than the previously calculated drop of 43 percent-
age points that was declared to be a consequence of the ter-
mination of military R&D projects. It must also be noted that
over the period 1991 to 1999, the performance of the survey
fell to four different parties with consequent instability. How-
ever, the research of Batchelor and Dunne (1998) shows that
the reduction in state military R&D between 1991 and 1993 ac-
counted for eight percentage points in the decline of GERD,
much less than the 43 points alluded to by the R&D Strategy.
The more likely explanation is that the drop in GDP was a survey
artefact. Even so, the drop has acquired mythical status.

Since 2002, the Human Sciences Research Council (HSRC) has
performed the survey on behalf of DST. GERD:GDP appears to
have settled around a median value of 0.87%, below the 1%
target that was set for 2008. Over the period 1991/92 to 2009/10,
real GERD rose by 190%, at a compound annual growth rate
(CAGR) of 4%.

The next matter for consideration is R&D expenditure by sector
(Table 9).

There has been a
steady increase in
foreign funds for R&D.
Of this, 60% (R 1.5
billion) goes to the
business sector.

DST's contribution

to the system has in-
creased from R 1.149
billion (current Rands)
in 2005 to R3.450 bil-
lion in 2009.

R&D is not supported by the data.

The sources of funds for R&D are presented in HSRC (2013) and
our comments will be restricted to three observations. The first
is the R1.1 billion drop in funding from government to business
over the period 2008/09 to 2009/10 that is certainly due to the
termination of the Pebble-bed Modular Reactor (PBMR) pro-
gramme. The reason for this drop was not addressed by HSRC
(2013). The second is the steady rise in foreign funds for R&D - it
would be useful to know more about the use to which these
funds are applied, the more so as 60% (R1.5 billion) goes to the
business sector. Is this mainly for clinical trials or does the fund-
ing go toward more production-oriented research? The third is
that transfers from DST into the system rose from R1.149 billion
(current Rands) in 2005 to R3.430 billion in 2009, entailing an an-
nual compound growth rate of 130%. This is a steep increase,
arising from support to the Centres of Excellence (CoEs), the
South African Research Chairs Initiative (SARChI), the PBMR Hu-
man Capital Programme, the Joule Electric Vehicle, and KAT/
SKA.

The proportion of R&D expenditure by main categories is basic
research 26.5%; applied research 31.4% and experimental de-
velopment 42.1%. This new shift towards basic research is a di-
rect result of the termination of the PBMR project. As is typically
the case, the universities are the main site for basic research.

Expenditure by field of science shows five main clusters: engi-
neering, applied science and technology 30.2%; natural sci-
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The number of FTE re-
searchers in the higher
education sector has
barely changed from
1991/92 to 2009/10,
hovering around
3600. In the business
sector, FTE research-
ers peaked at 6 663
in 2007/08 and have
declined since.

ences 24.5%; health sciences 16.7%,; ICT 15.6%; social sciences
and humanities 13.0%. These summary statements conceal
wide variation: almost all ICT research is in the private sector
that, in turn, does almost no research in social sciences and hu-
manities; research in social sciences and humanities is concen-
trated in higher education institutions where it makes up 34%
of all R&D expenditure (HSRC, 2013). Labour (including student
costs) is the single largest item of expenditure at 45.3% of GERD,
followed by other running costs at 41.9%. The time series of the
availability of FTE researchers is provided in Table 10.

Table 10: Full-time equivalent (FTE) researchers, by sector (1991/92 — 2009/10)

1991/ 2001/ 2003/ 2004s/] 2005/] 2006/] 2007/] 2008/] 20097
92 02 04* 05 06 07 08 09 10

EILF',S‘(';‘GSS/ 3395 3149 (4411 (5300 |5896 |6111 |6663 |6379 |6247
Government |2428 |2134 |2342 |2040 |1974 |2768 |3057 |3052 |2932
Higher 3631 |3424 |3374 |[3508 |3555 |3658 |3672 (3643 [3672
education
Total 9454 |8707 |10127 |10848 |11425 |12537 |13392 |13074 |12851
Students 2353 |5475 |5960 |6833 |5680 |5833 |6035 |6310 |6942
Grand Total |11 007 |14 182 |16087 |17681 |17 105 |18370 |19427 |19384 |19 793

Source: HSRC (2013). Note: 2003/04 student FTE adjusted.

The FTE doctoral
students have fripled
in 17 years, but the
number obtaining
doctorates has only
doubled.

The FTE for techni-
cians has remained
static.

These data offer a number of important messages:

< TheFTEresearchersin higher education has barely changed
over seven years.The decline in business expenditure is im-
mediately evident in the sharp decline in FTE researchers
since the peak in 2007/08.

< The FTE of doctoral and postdoctoral students has tripled
in 17 years; but the number obtaining doctorates has only

= doubled.

< The researcher FTE has only increased at CAGR 2%, while
GERD increased at CAGR 4%. Since staff costs make up
around half of GERD, this points to considerable salary infla-
tion.

« Using the number of researchers as a proxy for size the sci-
ence council sector has not seen appreciable growth.

Table 11 offers insight into the FTE for technicians that is equally
disturbing: the FTE for technicans has remained absolutely stat-
ic over the 18-year period. This may reflect the emergence of
ICT and clinical trials as major fields where conventional tech-
nicians are not required, or a case of hard-pressed research
managers simply making do without. Further research is need-
ed to determine the underlying cause.
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Table 11: Full-time equivalent (FTE) researchers and technicians, by sector
1991/2 2009/10

Sector staff Researcher Technician Researcher Technician
Business 3395 2907 6 247 3685
Government/ 2428 1810 2932 1535
Science councils
Higher education 3631 289 3672 580
Total 9 454 5 006 12 851 5820

Source: DNE (1993) and HSRC (2013).

It is now instructive to compare South Africa’s GERD per FTE researcher with that for
the OECD member states combined. Over 2004 to 2007, the median expenditure
in PPP$ (year 2000) per FTE researcher was $187 500 in South Africa compared with
$174 500 across OECD. South Africa’s expenditure is actually higher. This suggests
that there is no shortage of funds, but there is a shortage of researchers. This is illus-
trated by the fact that from 1992 to 2009 the total number of FTE researchers rose by
a mere 38%, at a compound growth rate of 2%. GERD, on the other hand, rose at a
compound rate of close to 4.0%.

In terms of demographics, the R&D Survey of 2001/02 set out to determine the race,
age and gender profile of R&D personnel but found many respondents could not
provide detailed headcount information by race, age and gender. As a result, the
data set represented a significant undercount. This undercount notwithstanding, the
survey found that the proportion of white male researchers was 38%. The age profile
of researchers was similar across all sectors except higher education, whose peak
age was ten years older.

In 1994, the then science council staff with graduate qualifications were predom-
inantly white (LHA Consultants, 1994), with only 5% of the 3 123 graduates being
black. According to the 2009/10 R&D Survey (HSRC, 2013), the graduate research
personnel in the science councils stands at 3 756, of whom 1 820 are white. The mes-
sage in these data is that significant demographic transformation has occurred in
the science councils, where black research staff are now in the majority, comprising
51.5% of the total.

This section considered the restricted world of R&D through the lens of the Frascati
Manual. Reducing the act of R&D to a set of indicators, conveys the impression that
R&D is a commodity, and inadvertently plays into the notion that R&D is something
that all actors in the innovation system are equally able to contribute to, or work
with. The experience of many decades shows that this is simply untrue. What ap-
pears to be true is that R&D is inherently ‘leaky’ so that spillages will always occur, as
for example is the case of encryption technology used in pre-payment meters and
electronic detonators for open-cast mining, both of which had origins in the military
R&D of the 1980s.

From this follows the question: if R&D results are readily available from the higher edu-
cation and PRO sectors, why do firms not take these up? The reason for this apparent
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SA’s publication out-
put is not confined fo
journals indexed in the
WOoS. It is estimated
that the WoS ac-
counts for only 60% of
South Africa’s article
output.

failure is tied to economic considerations and what might be
termed the cognitive capability of firms. Arnold and Bell (2001)
provide a clear explanation of the capacity of firms to absorb
new knowledge that is strongly dependent on their high-level
skills reservair, especially the presence of a sufficient corps of en-
gineers. And even where capacity to absorb new knowledge
is in place, this capacity will only swing into action if the knowl-
edge is perceived to have relevance and have the prospect of
adding value.

4.4 Research output

The conventional measure of research outputs comes in the
form of bibliometric analysis of research publications. Such anal-
ysis relies on the availability of bibliographic databases, the best
known of which are the subscription-based Thomson-Reuters
Web of Science (WoS) and Elsevier Scopus. The use of the WoS
databases as a means of determining research productivity and
impact remains an area of debate, and in response to nega-
tive criticism, and to keep up with its competitors, the Web of
Science has broadened its coverage by field, language and
geography, and now also includes books and book chapters.
The underlying philosophy for the selection of publications fol-
lows a Pareto principle: a core of publications will host the most
important contributions. The WoS is used to obtain insights into
the research products arising from the NSI.

It should be pointed out that SA’s publication output is not con-
fined to journals indexed in the WoS. The DHET Funding Frame-
work (established in 1987 and revised in 2003) includes an addi-
tional list of South African journals (n = 232) that are not indexed
in the Web of Science but which do qualify for subsidy purposes.
This means that any analysis that only takes the WoS as point
of references, underestimate the total article output of South
African scientists and scholars. Because of the fact that many
scholars in the Humanities and Social Sciencs publish predomi-
nantly in local SA journals, this underestimate is even higher for
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Figure 3: Total publication count, 1990 - 2012

Despite no appreci-
able increase in the
FTE researchers, the
publication count has
fripled.

The publication count
with foreign co-
authors has risen from
15% of the total (in
1990) to above 50%
in2011.

South Africa’s share of
world total publica-
tions has fallen from
0.42% to 0.36% over
the period 1995 to
2009 reflecting the
increased confribution
of countries such as
Brazil, India and China.
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these fields. CREST (Stellenbosch University) estimates that ap-
proximately 40% of SA’s article output appears in local journals
and that the articles published in the Web of Science constitutes
60%. Finally, besides the uneven distribution of fields of sciences
in these different indexes and lists, there is also a huge differen-
tiation in the institutional publication practices of SA universities.
Some universities (such as UCT, WITS and UKZN publish more than
80% of their total articles output in the Web of Science, whereas
others (such as UNISA) pubilish less than 20% of their output in the
WosS.

Figure 3 displays the count of all publication types in the Science
Citation Index (SCI) Expanded, Social Science Citation Index
(SSCI) and Arts & Humanities Citation Index (A&HCI) that include
a South African address over the period 1990 to 2012.

The curious aspect of these data is that despite no appreciable
increase in the FTE researchers in higher education over the pe-
riod, the publication count has increased nearly threefold, with
a significant rise taking place from 2003 onward. What then is
driving the increase? (Kahn, 2011; Pouris and Pouris, 2011) Part
of the answer comes from analysis of the trend (Figure 4) in the
number of articles co-authored with foreign researchers. This
shows that the count of publications with foreign co-authors
rose from 15% of the total to 50.5% by 2011, serving as an un-
expected measure of the openness of our research and inno-
vation system, but also perhaps on its dependency on foreign
assistance.
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Figure 4: Article count, South Africa only and South Africa-foreign, 1990 - 2011

Confirmation of the importance of co-authorship comes by
adjusting for fractional counts. Such datasets are laborious to
compute so the data of the US National Science Foundation
(NSF) Science and Engineering Indicators (Table 11) were used.
NSF restricts publication counts to research areas on the WoS
databases that it regards as ‘Science and Engineering.” Table
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Table 12: Fractional publication counts, South Africa, world, world share, 1995 — 2009

1995 1999 2003 2007 2009
World 564 645 610 203 661 753 785 586 788 347
South Africa 2351 2 303 2205 2808 2 864
World Share % 0.42 0.38 0.33 0.36 0.36

Source: NSF 2012, Appendix 5.26

Major research col-
laborating countries
are the United States,
followed by the
United Kingdom, and
then some way be-
hind, a cluster compris-
ing France, Germany
and the Netherlands,
All at similar levels.

Four research areas (in-
fectious diseases; pub-
lic environmental and
occupational health;
immunology; and
virology) have shown
dramatic increases in
publication counts.

12 displays fractional counts for South Africa and the World, as
well as our share of the total.
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Figure 5: Co-authored articles by country, 2003 — 2012

When adjusted for share of authorship, the rise dissipates; our
real share of the world total has fallen from 0.42% to 0.36%. Fig-
ure 5 shows openness as measured by co-authorship with our
five major research collaborating countries.

A full statistical analysis is required to determine accurately the
relative strengths of the drivers of the increase in publication
counts.

4.5 Research focus and concentration

The WoS offers a ready means to analyse research. It is instruc-
tive to investigate the research focus at the transition to de-
mocracy (1990 - 1994) and the situation once the new dispen-
sation had taken form, over the period 2004 — 2008. Over this
time, the number of article counts indexed to the WaoS, which
includes SCI, SSCI and A&HCI databases, increased from 20 909
to 34 463. The inbuilt query facility of the WoS allows disaggre-
gation according to ‘research areas’, a useful category, but
one that is inevitably subjective in that the indexing team must
make decisions as to which category best fits an article and

The universities are the
major producers of
research, followed by
the science councils,
then the national
facilities, with industry
falling far behind.
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a journal. To investigate shifts in focus one may tabulate the
count by research area for the two periods. From this, it is im-
mediately apparent that four research areas have shown a
dramatic increase in their counts: infectious diseases; public
environmental and occupational health; immunology; and vi-
rology, where the ratio of counts between the latter and ear-
lier periods stands at 8.4, 3.5, 5.4 and 6.7, respectively. What is
more significant is to compare the relative share (also known as
‘activity’) of these research areas across the two periods. This
yields a second set of ratios: 5.1, 2.1, 3.3 and 4.1, respectively,
adding further evidence for the new importance of these re-
search areas. At the same time, general and internal medicine
that had received the most counts in 1990 - 1994, fell to 5" po-
sition, but most tellingly its ratios were now much lower, falling
from 0.7 to 0.4 respectively. Surgery, 9" in 1990 — 1994, fell to 32"
with the ratio declining from 0.8 to 0.5. There has been a clear
swing away from research in ‘clinical medicine’ toward infec-
tious diseases.

The swing away from clinical medicine to infectious diseases
took place at the very time that government policy in the area
of HIV/AIDS was uncertain as to focus; this shift cannot be as-
cribed to a drive from government to address the specific ret-
roviral epidemic. While government had elected to introduce
an Essential National Health Research Agenda with an empha-
sis on primary health care, this had yet to translate into a de-
liberate policy to channel funds towards research on HIV/AIDS
(and tuberculosis). On the other hand, the decline in research
on clinical medicine appears to have a source in policy, as a
consequence of the downscaling of provincial support for re-
search in the academic teaching hospitals, whose funding was
a provincial competence. The shift toward research on infec-
tious disease came more from the ‘Republic of Science’ than
from the side of the state, especially as funding became avail-
able from international donors, such as the Bill and Melinda
Gates Foundation, the United States PEPFAR initiative, and the
pharmaceutical industry’s multi-country clinical trials.

The universities, as is generally the case, are the main site of
production of publicly available research publications. The
second largest site is the science councils, the major producers
over 2009/11 being CSIR (784), MRC (366), ARC (308) and HSRC
(208). The MRC count excludes MRC units at universities; the
ARC count is approximate since the ARC institutes publish us-
ing their own addresses. The third concentration resides among
the National Facilities (SAAO, Hart-RAO, iThemba, HMO) that
collectively contributed another 900 papers. Industry falls far
behind, with SASOL (107) and Aurum Health (50) the leaders.
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A total of 7 714 arti-
cles whose authors
stated at least one
South African address
were indexed to the
Web of Science in
2010, and up to the
date of writing, elic-
ited 45 303 citations.

Table 13: Citation counts

4.6 Citation of research and career incentives

Few topics in the academic community elicit quite as much
emotion as the use of publication citation and impact data
to influence decisions regarding research career advance-
ment. The most recent, and high-profile objection to the use of
journal impact factors for the assessment of individual scientists
or, by extension, research group prowess is the Declaration on
Research Assessment (DORA), which arose from a meeting of
prominent cell biology researchers in San Francisco in Decem-
ber 2012. By May 2013, the declaration had attracted the sig-
natures of 150 leading scientists and 75 research organisations,
including the American Association for the Advancement of
Science (AAAS). In short, DORA objects to the use of impact
factors as “a surrogate measure of the quality of individual re-
search articles, to assess an individual scientist’s contributions,
or in hiring, promation, or funding decisions” (Alberts, 2013: 787).

The DORA position does not mean that citation counts are irrel-
evant; the issue is how that information is used. With this in mind,
some aspects of publishing behaviour in South Africa are con-
sidered.

A total of 7 714 articles whose authors stated at least one South
African address was indexed in the WosS in 2010, and up to the
date of writing elicited 45 303 citations. Of the ten most highly
cited articles, nine were in infectious diseases; one in astrophys-
ics. For the next ten, eight were in infectious diseases, one in
high-energy physics, and one looked at lizard behaviour as an
indicator of climate change. Citations averaged 1.96 per arti-
cle, peryear. In the previous section, reference was made to the
importance of foreign co-authorship in the production of scien-
tific publications. One may now investigate the citation rate for
South Africa and other countries (Table 13).

, articles only, 2010.

Countries Article Count Citation count Annual rate
SA only 7714 45 303 1.96
SA-USA 1251 20 254 5.40
SA-England 838 13574 5.40
SA-Germany 453 7577 5.57
SA-France 374 7 684 6.85

Source: Web of Science.

Another view as to the effect of co-publication is obtained by
extracting articles that do not involve co-authorship with our sev-
en major research collaborating countries: USA, England, Ger-

South African authors
enjoy higher citation
rates when they co-
author with a foreign
author.
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many, France, the Netherlands, Italy and Belgium. This reduces
the article count to 5 246, and a citation count of 16 545, or 1.05
a year, half the rate with all countries included. The message is
clear:

South African authors enjoy higher citation rates when they co-
author articles with a foreign partner (this is in line with most bib-
liometric work on the relationship between co-authorship and
citation visibility).

In 1987, the former Department of Education introduced a sub-
sidy for research outputs, updated in 2003. The subsidy is paid
to the HEls for a journal article published in a journal that is in-
dexed in the WoS, the IBSS or the Department of Education’s
list of South African journals. (It is also payable for books, book
chapters and conference proceedings that meet set criteria.)
A publication unit in 2011 would earn approximately R120 000
for the HElI concerned. Some universities share a portion of this
subsidy with their staff who have produced the publications
through the mechanism of a research account, and proceeds
may be used to fund recognised research activities. Others re-
tain the entire subsidy in general university funds, while some
offer a direct taxable inducement to their staff.

4.7 Innovation outputs

The codified and publicly available output measures of innova-
tion include patents (Table 14), trademarks, registered designs,
copyrights and plant cultivars. By their very nature, disclosure
agreements that protect business secrets are confidential and
thus restricted for distribution. Much intangible capital is pro-
tected through this mechanism.

Table 14: South African patents, 1997 — 2011

Year Resident Rank Non-Resident Rank Abroad Rank
1997 355 38 6917 15 599 22
1998 200 50 7190 14 657 22
1999 138 55 3002 26 666 23
2000 895 32 2 400 30 626 27
2001 966 30 5427 19 687 27
2002 983 29 5617 16 684 27
2003 922 32 5303 16 628 29
2004 956 30 5833 16 854 28
2005 1003 33 6 001 16 1106 27
2006 866 35 6 739 16 1006 29
2007 915 33 7 402 16 1167 29
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Year Resident Rank Non-Resident Rank Abroad Rank
2008 860 32 7 081 15 1239 29
2009 822 37 5913 16 1141 31
2010 821 38 5562 17 1175 32
2011 656 38 6 589 16 1105 31

Source: http://www.wipo.int/ipstats/en/statistics/country_profile/countries/za.html.
Note: Non-resident refers to a filing in South Africa by a foreign-registered entity; Abroad refers to a
filing abroad by a South African entity.

Table 14 gives the number of South African patents for the period since South Africa’s
accession to the Patent Cooperation Treaty (PCT). Before commenting on these
trends a second set of patent data for the period prior to PCT accession is provided
(Table 15).

Table 15: South African patents, 1988 — 1995

1988 | 1989 1990 |[1991 |1992 1993 |[1994 | 1995
Non-resident 4905 | 4842 4943 | 4654 |4423 4282 (4968 |5842
Resident 4829 (5134 1093 |1023 |888 904 935 883
Total 9734 |9976 6036 |[5677 |5311 5186 |5903 |6725

Source: as Table 14.

These data show a discontinuity between 1989 and 1990 that requires explana-
tion. Inquiries to the community of patent attorneys® yielded information that prior
to 1990, the patent count included provisional and complete patent applications
for which complete specifications were filed; from 1990 onward, the count only in-
cluded complete applications. Again, this points to the problem of unreliable data.
The ‘real’ level of patenting in South Africa would appear to be far higher than the
official data specify.

The trend shows a strong upward movement even whilst slipping in international rank,
largely because of the sharp rises occurring among the Asian Tigers and China. Table
17 presents applications by field of technology, and shows the dominance of civil
engineering, materials and chemical engineering.

Table 16: Patent applications by field of technology, 1997 — 2011

Field of Technology Share
Civil engineering 7.16
Materials, metallurgy 6.79
Chemical engineering 6.47
Basic materials chemistry 6.15
Medical technology 5.48
Handling 5.04
Other special machines 4.54

10 Confidential correspondence.
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Field of Technology Share
Furniture, games 4.50
Transport 3.85
Electrical machinery, apparatus, energy 3.57
Others 46.45

Source: as Table 14.

—— In the 1970s, South Africa was far ahead of Malaysia in terms of
There are some salu- GDP/capita and scientific output. Today, Malaysia’s GDP/cap-
tary lessons from Ma- ita is 50% greater than South Africa’s and its exports comprise
ggf/':mﬁgr’ﬁ;ﬁgssfre among the highest proportion of high technology products
ment in high quality worldwide. To increase local participation in the ICT industry,
education, especially the Malaysian government has invested considerably in high-
S";gggg%’f’f;%”c%sed quality education, especially in mathematics'* and science,
support of industry. and for nearly five decades has supported the work of MIMOS

Berhad®? that has pursued applied research in ICT since 1985.
Table 17 compares the PCT applications for 2012 of Malaysia
and South Africa, showing the top ten applicants and the world
rank by patenting activity of those organisations.

Table 17: Top 10 PCT applicants, number, rank, for Malaysia and South Africa, 2012

Malaysia PCT |Rank [SA PCT | Rank

Mimos Berhad 146 | 120 Sasol Technology 13 1437

Universiti Sains Malaysia 39 520 CSIR 10 1796

Universiti Putra Malaysia 15 |1266 |Stellenbosch University Sa 9 |1976
Sugarcane Research Institute

. . University of the

Petroliam Nasional Berhad 8 2202 Witwatersrand 9 1976

Malaysian Palm Oil Board 7 2 480 | Ael Mining Services Ltd 8 2202

Ig Group Sdn Bhd 4 4 050 | Discovery Holdings Ltd 7 2480

Universiti Malaya 4 4 050 | Detnet SA (Pty) Ltd 5 3321

Widetech Manufacturing Sdn Bhd 4 4050 Agrlcultu_ral _and Industrial 4 4 050
Mechanisation Group Ltd

Institute Of Technology Petronas 3 5206 | North-West University 4 | 4050

Sdn Bhd

Lembaga Getah Malaysia 3 5206 | University of Cape Town 4 4 050

Source: http://www.wipo.int/ipstats/en/statistics/country_profile/countries/my.html.

As an aside, the increasing trend in Malaysia’s patenting is
remarkably similar to South Africa, with a strong non-resident
involvement in patent applications. There are of course some
major differences: Malaysia’s fields of technology are strong-

1 Malaysia ranks 26" in TIMSS 2011 with grade 8 average of 440; South Africa scored 352.
12*Berhad’ means ‘Limited’ in Malay.
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ly oriented toward high technology; and patenting activity is
highly concentrated in a few entities, whereas South Africa’s
PCT applications show low levels of concentration and high
spread across the economy. The rapid advance of MIMOS of-
fers a salutary lesson. Another lesson comes by recalling that up
to the late 1980s, South Africa was ahead of Korea in gaining
awards from the US Patent and Trademark Office. In the next
20 years however, the situation reversed, with Korea surging
ahead as its consumer electronics industry burgeoned. South
Africa, by contrast, allowed its high-technology military indus-
tries to decline so that the share of high-technology exports
declined. Over the period 1988 - 2008, South Africa inventors
received 2 232 awards from USPTO; Norway some 3 300, while
Koreans obtained 57 625 as its electronics industry entered new
high-technology markets that forced it to patent its goods on
offer. South Africa on the other hand continued to export com-
modities and services, neither of which called for patent pro-
tection.

Next to be considered is trademarks (Table 18) that show con-
siderable growth for both resident and non-resident entities,
with the former outpacing the latter, to the extent that resident
applicants rank 22" worldwide.

Table 18: Trademark applications, 1970 — 2010

Resident Non-resident Abroad
1997 11 218 9118 2152
1998 14 599 9 001 2029
1999 14 153 9785 2208
2000 13509 12 169 3680
2001 12 959 8 942 2 888
2002 12535 7832 3022
2003 14 676 8 092 4 106
2004 14 982 8 844 4278
2005 16 985 10 850 4416
2006 20 017 11778 6 089
2007 17 080 17 921 5 877
2008 16 032 13875 6 000
2009 16 134 10 487 5 886
2010 18 040 12 509 5720
2011 19522 13 962 5641

Source: As Table 13.

The final item of codified intellectual property that was con-
sidered is plant cultivars (Table 19). The registration of plant

In terms of the

registration of plant
cultivars, South Africa

is amongst the 15

most prolific countries

globally.
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cultivars is a form of intellectual property (IP) that is generally
neglected in the innovation studies literature, which is surprising
given their obvious economic importance. Then again, plant
cultivars take up to 20 years to develop so their registration
does not capture media attention, and their economic impact
accrues slowly over time. The record of registrations with the
Union of Plant Varieties places South Africa among the 15 most
prolific in the world; the country has lost some ground, but re-
tains standing as an important source of plant cultivars®. Part of
the downward shift is a result of additional countries joining the
Union of Plant Varieties to comply with the World Trade Organ-
isation (WTO) TRIPS Agreement and having their data included
in its statistics, so that the volume of registered plant cultivars has
grown quite strongly in recent years.

Table 19: Registration of plant cultivars

Year 2003 2004 2005 2006 2007 2008 2009 2010 2011
Resident issue |69 79 63 50 76 155 71 92 116
Non-resident |124 198 107 85 149 160 102 185 181
Issue

Total issued 193 277 170 135 225 315 173 277 297

In force 1887 1870 1882 1 866 1 950 2116 2250 2318 2425
World 61478 |[64276 |66915 |70810 |76511 |81595 |86484 [90344 [94413
% 3.1 2.9 2.8 2.6 2.5 2.6 2.6 2.6 2.6

Source: www.wipo.int.

4.8 Technology balance of payments

Information on the technology balance of payments (TBP) from
abroad, and receipts for South African technology abroad, is only
available from 1995 onward. Our discussion will concentrate on
the most recent data (Table 20).

Table 20: Technology payments and receipts, 2000 — 2009

2000 |2001 |2002 |[2003 |2004 |2005 |2006 |2007 |2008 2009
Payments 245 330 442 614 887 1071 (1280 (1591 |1662 |1643
Receipts 40 21 19 26 37 45 46 53 53 48
Gap 205 309 425 588 850 1026 (1234 (1538 |1609 |1595

Source: World Bank, OECD.

The data appear to show that receipts are very low com-
pared with other industrialised countries, and that there is a
large gap between payments and receipts, an issue that has
led to negative concerns expressed by NACI* and the DST.*®

13 The ARC Institute for Tropical and Sub-tropical Crops developed the world’s first seedless lemon ‘Eureka.’ For fur-
ther information on plant cultivars see ARC Annual Reports.

14 http://d2zmx6mligh7g3a.cloudfront.net/cdn/farfuture/BOFizfdepysmYskmNeBub-bPztQBIndQpMgl_HBHMIiY/
mtime:1287481409/files/docs/101014naci_0.pdf.

®http://www.info.gov.za/speeches/2007/07021414451001.htm.
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The receipts for South
African technology
abroad are very low
when compared
with those of other
industrialised coun-
fries, which is puzzling
given the large
expansion in trading
abroad.

The reality is that the gap between payments and receipts is
not large by world standards nor in relation to GERD (65%), or
GDP (0.4%). South Africa is in the same position as Portugal, Ita-
ly, Mexico and Norway. But the data do raise some interesting
guestions. For example, given the fact of the massive expan-
sion of trading abroad, why are receipts so low and static? And
second, why the steep rise from 2001 onward? Is the increase in
outflows because of royalties paid on pharmaceuticals, or yet
another consequence of the Automotive Industries Develop-
ment Programme that pulls in components for assembly ‘under
licence’ in the plants of Uitenhage, Silverton and Durban? The
gap in payments does not matter if the imported technology is
putto good use, asin the case of the AIDP the jobs multiplier may
be invoked. The gap in receipts may matter (and this applies to
the payments as well) if it arises through illegal transfer pricing?®
that would deny tax income to the fiscus.

4.9 Concluding remarks

The inputs to R&D point to a system that is moving to embrace
the potential of all its people. The demographics of the science
council sector have shifted dramatically toward increased *Af-
rican’ participation, even when bearing in mind that ‘African’
includes many staff from north of the Limpopo River, a fact of
life that is true across the economy and society as a whole. In
turn, this supply-side failure pushes up the cost of labour, so that
the growth in GERD is strongly driven by salary inflation.

The innovation outputs — patents, trademarks, plant cultivars —

reveal the following:

= South Africa’s high relative USPTO standing in the 1980s has
fallen; as a commodities exporter its profile is now similar to
that of Norway, not Korea.

< Domestic patenting shows a volume pattern similar to Ma-
laysia, but is spread among many institutions rather than
being highly concentrated in the universities as in Malaysia.

< Our country continues to excel in the registration of plant
cultivars.

< The technology balance of payments gap is not large by
world standards.

It is useful to note at this point that patents and trademarks are
only a good proxy for innovation if the patents are exploited
and put to use.

In summary, the data suggest that the in-novation system
continues to display a certain robustness, but like the greater

16 http://www.oecd.org/tax/transfer-pricing/50526258.pdf.
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economy is not growing as fast as it should. All things being
equal, the stretch targets for human resources laid down in the
TYIP will be unattainable, and if these are unattainable, so too
will be the stretch targets for GERD: GDP, research publications
and PhD production. Growth requires people - their nurturing,
retention and recruitment, from all communities, worldwide.

These measures represent some of the many indicators com-
monly used and cited in the Report. It is acceptable to assess
the status of S&T in South Africa in terms of PhD numbers, pub-
lication counts, citations, patents, etc. but there is a need to
go beyond these measures. The outputs need to be consid-
ered in terms of their relevance to the NSI goals. The views of
employers on the quality of knowledge workers and graduates
produced by our education system need to be assessed. South
Africa needs to develop capability to measure the value of
the investment in innovation-related processes and the returns.
Finally, and perhaps most importantly, the country needs to
have indicators that relate to the imperatives of the NDP.
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5

The concept of in-
novation needs fo

be an overarching
one. Government has
a key role to play in
both the policy and
regulatory level in
establishing an eco-
system that stimulates
and supports innova-
tion. It should have

a leadership role in
communicating the
intent to support
innovation, particu-
larly within the private
sector.

The Evolving Research and Innovation System

5.1 A map of the landscape

The chapter enquires into the characteristics of, and the interac-
tions among the major research and innovation actors, includ-
ing the private sector, PROs, HEls (including new initiatives such
as CoEs, SARChI and CoC:s), science parks and intermediaries.
What is termed research and innovation stand or fall accord-
ing to the extent that they involve mutually beneficial interaction
among their various actors in the NSI, regional systems of innova-
tion, sectoral systems of innovation, and internationally.

The 2012 Ministerial Review grappled with the problem of iden-
tifying the locus of innovation activity. Was this to be found in
the ‘science and technology system’ of the IDRC Review, or
through the combined activity of the *higher education sys-
tem and innovation system’ as the NDP now proposes? This
uncertainty points to some enduring confusion. If the policy
trajectory is to move from a science push system toward one
led by interactions and demand, as embodied in the innova-
tion systems approach, then the NDP conception needs fur-
ther work, lest it might entail a step sideways. The concept of
innovation needs to be an overarching one, which ensures
that comprehensive value chains are cultivated, not just in
government circles and its institutions, but in the country as
a whole. Clearly government has a key role to play in both
the policy and regulatory level in establishing an ecosystem
in the country that stimulates and supports innovation, and to
ensure that the regulatory framework does not inhibit such de-
velopment. It should also have a leadership role in communi-
cating the intent to support innovation, particularly within the
private sector, which is so important in successful implementa-
tion. This can only be achieved by creating this required inter-
active and collaborative environment.

While the argument has been developed that research and in-
novation are quite different things, it should come as no surprise
to find global attempts at finding a way to recognise the differ-
ence as, for example, in the European Commission rebranding
of its Directorate-General Research as ‘Research and Innova-
tion’. In the UK, the quest for synergy involved the merger of
the Department for Business, Enterprise and Regulatory Reform
and Department for Innovation, Universities and Skills into a su-
per ministry, the Department for Business Innovation and Skills.
The Ministerial Review sought synergy by introducing the idea
of the ‘research and innovation system’, and to provide overall
agenda setting and prioritisation, recommended the establish-
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ment of a NCRI that would be supported by an Office for Research and Innovation
Policy (ORIP). It is in this spirit that a ‘research and innovation’ concept map has
been developed, which is shown as Figure 5.
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The choice of a concept map to show the interactions among the actors is quite
deliberate and stands apart from the many schemas depicting the working of inno-
vation systems, including the chain-link model of Kline and Rosenberg (1986), OECD
(1997), Arnold and Kuhlmann (2001), and Meyer-Stamer (2005) to mention but four.
In our view, these models, while elegant, convey a restricted picture of the complex
interactions that underpin innovation activity. The concept map that is offered here
was constructed with a software engine that readily allows for linkages to be incor-
porated into the graphic. Naturally, to avoid ending up with something that resem-
bles cooked spaghetti, one has to limit the number of interactions that are included.

The map serves the purpose of highlighting complexity and provides a means to visu-
alise the interdependency of the system. The concept map is structured with six main
arms: PROs, HEls, companies, NGOs, government (the five of the R&D Survey) plus the
informal sector. The non-market actors are placed on the left and are those mainly
concerned with research and services (PROs), and research and teaching (HEls).

On the right of the concept map are the actors that introduce innovations into the
marketplace that sometimes perform R&D or have the capacity to absorb R&D find-
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The South African
research and innova-
tion system comprises
actors and institutions
typical of a mature
innovation system;

it is the linkages and
interactions that are
weak.

ings. Earlier, the non-equilibrium nature of the innovation pro-
cess as the firm seeks out information and learns, has been
pointed out. The multiplicity of links into the companies’ arm at-
tests to the subtleties of the company operating environment.
Making sense of this is the responsibility of management; it is
not easy.

The concept map conveys the important message that the
South African research and innovation system comprises actors
and institutions typical of a mature innovation system.

What the concept map cannot do (unless one employs anima-
tion tools such as Gapminder™) is to convey the historic depth
of the research and innovation landscape and the way that it
shapes and is shaped by, political, economic and social rela-
tions. Allinnovation systems exhibit high levels of inertia, respond
to incentives, and are able to meld these to suit their own ends.
In that sense they exhibit evolutionary behaviour as they adjust
to changing circumstances. It is thus to be expected that with
changing circumstances, role definitions and mandates may
become inappropriate or stretched.

5.2 Key actors in the NSI

5.2.1 Science councils

A case in point concerns the demand on the science coun-
cils (Schedule 3 bodies) to earn contract income, as the Pub-
lic Finance Management Act (Act 1 of 1999) permits and their
respective acts encourage. The enabling legislation for each
science council creates a juristic person that may enter into
contracts and is in control of the physical assets of the organi-
sation. The issue of mandate creep is partly a matter for the
board of each science councils, and partly a matter of legisla-
tive definitions.

DST, in its annual report to Parliament on government expen-
ditures on scientific and technological activities (STAs), notes
that in real terms core support for the public research institutes
(PRIs) is falling, with the consequence that PRIs would seek oth-
er sources of income that could “inadvertently result in the ero-
sion of capacity or less focus on government objectives” (DST,
2011: 14).

The extent to which the major R&D performing science councils
supplement the Parliamentary grant with ‘other income’ is illus-
trated in Table 21 that shows the grant ranging from 32% (CSIR)
to 68% (ARC) of total income. This does not necessarily imply

79

Table 21: Science council expenditure (current Rands, millions)

Council Year Total Grant Grant % ?5(‘)%9 /10) Ef:/%:{fjgf

ARC 2010/11 871 590 68 772 89

CSIR 2010/11 1731 550 32 1501 87

Geosciences 2009/10 205 133 65 91 44

HSRC 2010/11 341 148 43 192 56

Mintek 2010/11 337 129 38 347 103

MRC 2010/11 553 260 47 382 69

Totals 4 038 1810 3285

Sources: Annual Reports; HSRC, 2013.

The six science coun-
cils have succeeded
in leveraging R1.8b of
Parliamentary fund-
ing into R3.3b of R&D.

loss of control of government influence on science councils
that derive less than 50% of theirincome from the Parliamentary
grant, since the balance of ‘other income’ invariably includes
significant contract work for government departments. The
data cannot be used to interrogate mandate creep or other-
wise. Table 21 also includes data on R&D expenditure by each
science council, and here too some comment is warranted.
The compilation of R&D expenditure is done according to the
guidelines of the Frascati Manual, which is at pains to distin-
guish R&D from “other scientific and technological activities”
that while important, do not count as R&D. So in the case of the
Council for Geosciences, mapping does not count as R&D; for
the HSRC, routine surveys should also not be counted; soil-test-
ing by ARC is a service, and not R&D. In general therefore, R&D
expenditure must be less than the total revenue of a science
council. The value for Mintek is thus an anomaly that requires
explanation.

What is clear, however, is that the six science councils succeed
in leveraging the R1.8 billion of Parliamentary funding into
around R3.3 billion of R&D. They achieve this through meeting
the needs of their constituencies and through active market-
ing. The CSIR, for example, has been highly successful in join-
ing various research projects funded under the EU Framework
7 Programme; the ARC has entered into a long-term contract
to support the Department of Rural Development and Land
Reform; the HSRC is working with the Department of Health on
the National Health Insurance project. At face value, the sci-
ence councils deliver. It is always possible for them to deliver
more; that requires clear signals from political leadership and
the wherewithal for delivery.

Exactly what benefit arises from this work cannot be deter-
mined from these crude figures. The HSRC has done important
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work on nosocomial causes of HIV transmission; the CSIR supports the South African
National Defence Force in a range of secret projects; and the ARC regularly intro-
duces new cereal and fruit cultivars into the multi-billion Rand agribusiness sector,
thereby enhancing our food security. In order to demonstrate scientific and techno-
logical achievement and societal benefit, if not merely value for money, careful post
hoc evaluations are necessary. The culture of performance measurement mooted in
the S&T White Paper remains weak, with output and impact evaluations few and far
between, and this despite the operations of the Ministry for Performance Monitoring
and Evaluation.

Nevertheless, this much is clear, the science councils have all established strong
brands that earn them a unique position with the media. A statement issued by a
science council draws notice mostly in an uncritical manner suggesting one of two
things: that the science councils are ‘trusted’ parties that are sources of objective
and reliable information, or that the media lack the necessary expertise adequately
to interrogate the information that is being released. This innocuous comment points
to what may in fact be a serious shortcoming in the innovation system, namely the
extent of, and manner of science communication with the public.

5.2.2 The business sector

In commenting on the changing role of business under the new political and eco-
nomic order it is necessary to return to the situation of 1990. At that time, close to 10%
of manufacturing industry workers were engaged in arms production. The economy
was operating in import substitution mode, with the export of commodities serving
as its window into the world and the source of foreign exchange for technology im-
ports, with these often purchased at inflated prices. The dominance of Anglo Ameri-
can Corporation on the JSE was beginning to decline, and South Africa, among the
first signatories to the 1948 General Agreement on Trade and Tariffs, was moving
toward membership of the incipient WTO. Four major forces then came into play:
portfolio investment by international fund managers; takeovers of listed companies;
and the evolution of the IDC and the Public Investment Corporation as significant
minority shareholders. More than ever the JSE was open to business.

Faced with the opportunities to trade on world markets and uncertainties at home,
leading firms extended their international footprints, giving rise to listings on foreign
bourses, joint ventures, acquisitions and market capture. In the process, South Afri-
can Breweries became SABMiller, the second largest brewer in the world; and Stand-
ard Bank expanded into Africa, Latin America and Asia. Other companies with large
international footprints include Nandos, MTN, Sappi, Sasol, Remgro, Naspers, Old Mu-
tual, SASOL, ABSA, Aveng, Shoprite, Barloworld, Bell Engineering, Steinhoff and Grind-
rod. They compete in global markets and produce innovations as needed. One must
of course not forget the mining base, exemplified in the transmutation of Gencor into
Billiton and then its acquisition by Australian BHP to become BHP Billiton, a firm even
larger than Anglo American. Many of these firms now derive half of their revenue
globally. For this reason, the South African economy is rated ‘open’, since exports
plus imports amount to 70% of the value of GDP.
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In South Africa, things moved slowly as the economy continued its slide toward the
services sector, with mining and agriculture!” shedding jobs. The job-shedding arose
for a variety of reasons — in mining through the exhaustion of high-yield ore bodies; in
agriculture because of previous forced migration of farm workers, shifts in the choice
of viable crops, and unintended consequences of policy. Some industrial sectors
waned - textiles, armaments, leather goods, and foundries suffered, while others
grew — automotive, financial services, tourism. The previous comparative advantage
of state-owned coal mines and steel works, and agricultural marketing boards gave
way to global prices through the import parity pricing mechanism. This gave cer-
tainty to manufacturers but would seem to have raised their input costs. Faced with
these changed circumstances, companies such as Reunert, that had been major
arms manufacturers, had to re-invent themselves; others such as Aspen, Bidvest, Eu-
reka, Altech, Mediclinic, Discovery, Dimension Data and Datatec grew national and
then international footprints.

Inward foreign direct investment (FDI) was sluggish*®, and generally confined to take-
overs rather than the introduction of new technologies, the exceptions being the sig-
nificant investments into motor vehicle assembly lines. Exports remained dominated
by commodities, with automotive components being a new growth area, but one
whose net effect on the balance of payments remains disputed. The mid-2000s com-
modities boom prior to the 2008 financial crisis culminated in a missed opportunity
as infrastructure bottlenecks rendered the country unable to ramp up its exports to
meet the demands of China for coal and iron ore. The late-2000s claimed another
casualty as Eskom, once among the world’s three lowest cost electricity producers,
fell victim to a mix of flawed planning, disruption of its supply chains, electricity theft
and equipment failures. These factors created the perfect storm of 2008 when the
grid all but collapsed, mines were forced to close, and rolling blackouts followed. In
order to build the cash reserves needed to pay for the cost of new generating ca-
pacity, Eskom has since raised the cost of electricity threefold!®. Low-cost electricity
was virtually the last comparative advantage that the country had retained, and this
was how lost.

Average GDP growth remained around 3%, way below the level needed to bring
about significant improvement in the quality of life. The Gini coefficient was calcu-
lated to be as high as 0.70, though once social transfers were added back, it fell to
0.59 or the same level when the restructuring began (Bosch et al., 2010).

This example suggests dynamism on the part of large firms. As measured by the
methodology of the OECD/Eurostat Oslo Manual, such firms do indeed rate them-
selves to be highly innovative. However, like their Latin American (and Danish) peers
they tend to introduce incremental and adaptive innovations, rather than radical or
disruptive innovations. This means that their innovations do not show up in patents or
royalty payments, but are evidenced in new or increased market share and profits.
Given the enormous role of the services sector, it is not surprising to learn that 25% of

17 Jobs in agriculture declined from 1.8 million in the 1970s to 0.75 million in the late 2000s.
Bnward FDI averaged $4.5 billion over 2005 to 2010.
19 Over 2008-2012 NERSA approved annual rises of 27%, 30%, 26%, 26% and 16%.
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Large firms rate them-
selves as innovative.
However, they tend
to infroduce incre-
mental and adaptive
innovations, rather
than radical or disrup-
tive innovations, so
that the innovations
do not show up in
patents.

business R&D occurs in the services sector; that to an extent ex-
plains the vibrancy of financial services and retail in selling Brand
South Africa abroad. One simply cannot stay ahead without in-
vesting in skills and research, be this market research, the mod-
elling of customer behaviour, or reverse engineering of point of
sale systems.

What is urgently needed is a set of company case studies that
will probe the various strategies that companies have employed
as they absorb information, develop their knowledge base, and
introduce innovations. This is critical to get a better understand-
ing of exactly what is happening, and why.

5.2.3 The higher education sector

With the mergers completed, higher education policy has con-
centrated on the next set of issues — continuing to push access,
equity and redress measures but, increasingly, imperatives that
relate to quality and efficiency. The mechanisms for access, eq-
uity and redress fell to the Department of Education and its suc-
cessor, the Department of Higher Education and Training (DHET),
taking form through reforms of the student loan scheme, rein-
statement of bursaries in areas of skills shortage, re-consideration
of language policy, support to the humanities, and remodelling
the funding formula to level the playing field across the HEls.

As a consequence of the negotiations that cuiminated in the
agreed structure of the 1994 administration, the DST has no di-
rect responsibility for the education system. By law however,
each HEl enjoys considerable autonomy and DST has thus been
able to work directly with HEIs and partner organisations to build
capacity through three major programmes, the SARChI, the
CoEs and CoCs.

CoEs are organised both as single site and decentralised enti-
ties that build on and extend capacity in well-established and
prestigious research areas. At present there are ten CoEs that
cover ornithology, catalysis, tree health biotechnology, theoreti-
cal physics, strong materials, climate and earth systems science,
invasion biology, epidemiological modelling, and biomedical
tuberculosis research. Top-ranked researchers lead these cen-
tres, some of which have pedigrees going back decades (e.qg.
Forestry and Agricultural Biotechnology Institute; Percy Fitzpatrick
African Institute of Ornithology). The choice of centres shows a
strong match with pressing social and environmental issues fac-
ing the country and the present needs of industry (hydrocarbon
synthesis; pulp and paper). There is also a ‘blue sky’ element in
the designation of two CoEs for new materials and physics.
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The CoE annual reports are readily available®® and the programme was subject to
external evaluation in 2009 and 2013. The outcome was a highly favourable report
on the programme while expressing concerns at its financial viability and the prob-
lem it might face from competition with SARChI, whose funding was longer term and
more generous. Another issue the evaluation raised was that in most instances, *Afri-
can’ CoE students came from elsewhere in Africa.

The SARChI was established in 2006 as a direct result of Presidential concerns that the
universities were not producing sufficient numbers of highly skilled scientists and engi-
neers. The Ministers of S&T and Public Enterprises were tasked to analyse the situation
and propose solutions.

Table 22. SARChI awardees, 2013

Tier 1 holders 99
Tier 2 holders 22
Recruited from South African universities 93
Recruited from industry and abroad 28
Female 24
Male 97
Black (African, Indian, coloured) 39
White 82

Part of the answer came in the form of the SARChI, closely modelled on the Cana-
dian research chairs programme. It was conceptualised with the support of National
Treasury to set the initial target of 210 research chairs by 2010. As of March 2013,
some 157 chairs have been awarded, with 93 research chairs® in operation across 21
HEls. Table 22 displays the demographics of the awardees. SARChl is one of the most
important interventions in the HEls that, like many other interventions must recognise
reality and compete with other needs. One notes that SARChl is not a ‘new blood’
programme, since 93 of 121 (77%) holders were existing HEI staff. White and male
dominance reflects the present reservoir of high-level skills that is being called upon
to build future generations of researchers drawn from all communities. Once more
the label ‘African’ is misleading since as of 13 June 2013 at least eight staff among
the 124 chairs in post were born elsewhere in Africa?.

DST/NRF have extended the research chair initiative by drawing in private sector
support in the form of the FirstRand Group Research and Development Chairs that
focus on improving primary level numeracy and literacy, and secondary level math-
ematics.

5.2.4 The ‘innovation chasm’ & ‘big science’

One of the ways that the DST seeks to address what it sees as the ‘innovation chasm’
is through the mechanism of CoCs. The Department of Trade and Industry has its own

20 www.nrf.ac.za/coes.php?fdid=&tab=reports_list&sub=Reports%20and%20Publications.
2 http://hicd.nrf.ac.za/?qg=sarchi-overview.
22 Private communication.
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means of mitigating the market failures in its domain of influence, through some 30 or
more industry incubators. CoCs have been instituted in many countries, sometimes
as networks (ETH, Switzerland), as projects within academic departments as at KTH
in Sweden, or industry-led CoCs, as for example Kplus, Kind and Knet in Austria and
Cooperative Research Centres in Australia.

The DST, having identified research-commercialisation market failure has now set up
the government-led CoCs initiative. The Hydrogen South Africa (HySA) strategy ar-
gued that South Africa’s position as the holder of the bulk of world reserves of plati-
num, coupled with expertise in catalysis, should allow us to become a world leader
in fuel cell technology. Accordingly HySA now involves three CoCs for infrastructure,
catalysts and systems respectively, drawing in universities, the CSIR and the plati-
num industry. Similar thinking underlies the development at the CSIR of the CoC for
exploiting titanium. South Africa is also a leading producer of titanium dioxide and
now a refiner of titanium. The CSIR has developed a novel technology for continuous
production of titanium powder. This is the feedstock for a sintering process that may
allow for the rapid production of lower cost airframe components. This CoC brings
a range of aerospace capabilities into play, including established players such as
the CSIR (the composite airframe OVID turbo-prop trainer) and Denel (Rooivalk heli-
copter gunship). This expertise has long spilt over to the private sector, where for ex-
ample, Aerosud is now producing airframe components for Airbus, while the former
Omnipless, now owned by UK Cobham, produces compact air-borne radar sets. The
nucleus of a future aerospace industry is taking shape, with DST effectively the angel
investor.

The CoC strategy blends into a wider, but unstated strategy, to support ‘big science’
in areas of comparative advantage as evidenced over the years in support for SALT
and the successful bid for the SKA. The investments in the PBMR and the Joule Electric
Vehicle are cases where the government has sought to pick winners.

5.2.5 Knowledge infrastructure

What is broadly referred to as knowledge infrastructure refers to the institutions and
utilities that support the broad needs of research and innovation enterprises. HEIs
and science councils are part of this, so are the national facilities, transport, power,
and telecommunications utilities, data-processing centres and science parks. NACI
commissioned an audit of research infrastructure in 2006 that identified serious short-
comings, and the Ministerial Review added its voice to the concern. DST is currently
preparing a research infrastructure roadmap.

To date, progress on cyber-infrastructure includes the establishment of the Centre for
High Performance Computing, the South African National Research Network that is
implemented and managed by the CSIR Meraka Institute and the South African Very
Large Database initiative.

This effort is laudable but does not mean that affordable high-speed broadband is
readily available to all parties active in research and innovation. Figure 6 provides the
evidence that when it comes to broadband, South Africa remains a laggard by com-
parison with comparator middle-income countries and the lower rank EU countries.

Low broadband not
only retards devel-
opment but also
influences percep-
tions regarding South
Africa’s development
potential.
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Low broadband penetration not only retards development,
but also influences perceptions regarding our development
potential. Appropriately therefore the NDP has made broad-
band availability one of its key objectives. It is surprising to find
a senior organ of government belatedly identifying the starkly
obvious. The fact that the NPC, with the former Minister of Fi-
nance as its head, recognises that broadband availability is an
obstacle to progress, suggests that changing this situation de-
mands a political rather than an economic solution.
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S&T parks, like special economic zones, have been successful
in various places around the world, and thereby attract the
attention of policymakers. It is tempting to assume that trans-
planting a regulatory framework to a greenfield will automati-
cally produce a silicon valley or silicon glen. The greatest dan-
ger would be to plough scarce resources into infrastructure in
the hope that research entrepreneurs will rush in to set up shop.
Segal (2008:17) suggests that the establishment of a S&T park
depends on timing and has a prospect of success when gov-
ernment, higher education and business have reached agree-
ment on the vision and strategy associated with a specific eco-
nomic and social objective.

The Stellenbosch Technopark is a good example of a S&T park
that was established to meet a specific need, namely as a light
industrial park for the SMEs that were to be drawn to meet the
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needs of the 1980s ballistic missile facility, with its command centre at Grabouw and
launch facility near Arniston on the east coast. Stellenbosch Municipality owns the
Technopark, where a number of high-technology medium-sized and small compa-
nies are in operation, including Sunspace, EMSS, the Institute for Mine Seismology,
EOH and Reunert Radar. These companies display varying types and extent of link-
age with SU and the larger innovation system (Kahn, 2013), ranging from strong to
non-existent. One is in the park simply for its good location; Reunert was an original
anchor tenant; Sunspace is a spin-out from the university and had strong links to the
missile programme.

By contrast, The Innovation Hub, a subsidiary of the Gauteng Economic Develop-
ment Agency was founded in 2001 to act as a magnet to draw high-technology
companies toward the Hub by virtue of its strategic location adjacent to the CSIR
and nearby University of Pretoria. Arguably, the Sappi Technology Centre is the most
visible tenant in the Hub that hosts more than a score of small and start-up S&T ser-
vices companies. Thus far, The Innovation Hub track record shows modest achieve-
ment. Two developments include the Vaal University of Technology Science Park at
the defunct Vista University site in Southern Gauteng, and the eMonti Science and
Technology Park (East London) that will focus on aquaculture and water technolo-
gies, renewable energy and plant-based technologies.

Drawing tenants and new entrepreneurs to remote sites requires careful appraisal of
the incentive regime that will be needed. International lessons abound: tax holidays
are often effective; reduction of tariffs, relaxation of laws regarding hiring and firing
of staff, preferential access to land, and rapid supply of bridging finance and land
have all worked in different settings.

5.2.6 Regional systems of innovation

The NSI includes a number of regional systems. A valuable contribution was made
to the understanding of the status of these systems through the Cooperation Frame-
work on Innovation Systems between Finland and South Africa (COFISA), a bilateral
programme that took place over 2006 — 2010. Finland, a small country with a homo-
geneous culture, has extensive experience and success with the implementation of
its NSI, especially in building regional capabilities. The thrust of COFISA (2010) was to
build on:

... particular strengths and opportunities of the local economy, because for
any particular area, the ability to be competitive in all business environments
and all areas of the value chain is very difficult. A certain strategic focus and
a process of making choices of where and how resources should be invested
are therefore necessary. In this way, the local milieu of actors, organisations
and institutions can be developed and relevant competence areas pushed
forward intensively. Regions must thus establish the capability to identify,
nurture and exploit their assets; and engage in collaborative processes for
socio-economic growth and development. In this way the regions and con-
sequently the NSI will be able to ensure an effective response to the global
knowledge economy.
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COFISA worked with the Gauteng, Western Cape and Eastern
Cape Provincial Governments, and it was immediately found
that there were important differences in the local exposure to
the innovation systems approach and little was in place to fa-
cilitate such a discussion. This experience emphasised the criti-
cality of implementation steps and that one should not assume
that a national policy is automatically driven by diffusion into
the regions. Most evident was the absence of mechanisms to
encourage collaboration and interaction that once started re-
sulted in promising behaviours that were perhaps not sustained
after the end of the COFISA programme.

In practice, however, there was a dearth of spatial economic
data and innovation system activity on a sub-national level.
Lorentzen (2009) published a ‘first cut” on The Geography of
Innovation in South Africa that focused on how well the pro-
ductive and knowledge-based activities are integrated in the
country’s provinces and how relevant is geographic proximity
between firms and other knowledge users or producers. Coun-
tries are not closed systems and thus interactions with foreign
sources of knowledge are increasing, but nevertheless, the lo-
cal and national networks remain important, and one needs
to determine when regional, as opposed to national, systems
are more appropriate. Lorentzen (2009) showed that in French
manufacturing, for example, having a highly skilled force and
productive universities, did not make a difference unless they
were part of a system, and there was a significant relationship
between the actors in a region. He also noted that for R&D-
intensive and small firms, spill over of knowledge have limited
geographical reach, which is why proximity matters. Essentially,
South Africa was a ‘latecomer country’, whose skewed devel-
opment played a major role in compounding policies aiming
at normalising the status across the sub-regions.

Although availability of data was difficult, and the proxy of R&D
spend, and patents produced were used to classify knowl-
edge generation, Lorentzen (2009) concluded that the cor-
respondence of knowledge generation with the key regional
sectoral economic indicators was largely absent in most parts
of the country, except for some sectors in Gauteng, the West-
ern Cape and possibly KwaZulu-Natal. In terms of the utilisa-
tion of knowledge, he found that although the Western Cape
is not the most important producer of knowledge, it is perhaps
the most effective user. He further suggested that geographic
proximity did not appear to play a major role, except in the
Western Cape. The telemetry sectoral system of innovation, the
sectoral systems associated with agriculture, and possibly even
financial services are all highly concentred by geography.
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There is an embryon-
ic regional innovation
system in South Af-
rica. These ‘bottom-
up' initiatives need fo
be harmonised and
incorporated into the
NSI. Regional systems
are key building
blocks of the national
system.

International experi-
ence has shown that
there are often higher
abilities to innovate in
industry clusters due
to the concentration
of complementary
competences, spe-
cialised service pro-
viders and enhanced
technology and
market knowledge.
Such clusters often
link to local tertiary
education institutions
and develop relevant
research capabilities.

Overall, the regional innovation initiatives of DST have relatively
low profiles. The COFISA experience shows that driving regional
activity requires a larger staff complement to ensure consistent
linkages, facilitation and involvement to achieve the required
levels of collaboration. While a number of provinces have be-
come active in the debate, with embryonic regional innova-
tion system thinking taking off, it is notable that the Ministerial
Review gave no attention to this groundswell of activity. The
concern is that provincial innovation initiatives are not present-
ed as part of a national system.

The DST has initiated a programme to stimulate Regional Inno-
vation Forums in the various provinces. Some have built on the
interactions started by COFISA, and others are new initiatives.
Progress has been slow but some uptake is clear.

In order to take matters further, the DST has decided to focus
on the Eastern Cape as its primary pilot and is collaborating
with the Provincial Government, who has created “INNOVATE
Eastern Cape’. This is an innovation coordination initiative that
has been set up by the Eastern Cape Provincial Government
under the aegis of the Department of Economic Development,
Environmental Affairs and Tourism (DEDEAT). Its main function is
to drive the development of the Provincial Systems of Innova-
tion through structured and coherent processes aligning them
to the developmental priorities of the Eastern Cape Province,
as outlined in the Provincial Growth and Development Plan, as
well as supporting documents. The Eastern Cape Regional In-
novation Forum is coordinated by the Nelson Mandela Metro-
politan University.

In other provinces, the innovation initiatives take different forms.
For example, Gauteng has approved a Gauteng Innovation
Strategy (2010). They have adopted a broader approach and
have strongly included social innovation and open innovation
in their strategy.

To date, the DST has supported the formation of Regional Inno-
vation Forums with variable success. However, this aspect has
essentially been under-resourced and never was ‘mainstream’.
In revitalising the NSI, therefore, a robust regional innovation
strategy will need to be developed and a suitable administra-
tive model and funding defined. Such a structure will be key
to engaging and interacting with the various role players and
should have neutrality to be able to facilitate across the spec-
trum of actors.

The NSI has not

had an adequate
level and sfructure

of governance from
the outset. Initially
the structure focused
only on S&T, and later
the New Strategic
Management Model
was largely dysfunc-
tional. The OECD
review (2007) made
many pertinent
observations, one

of which was that
there was a lack of
understanding of the
broader concept of
innovation. This is ex-
plicable as there was
no cross-cutting and
authoritative voice
communicating a
unified vision across
government, and

to other actors. The
NSI was essentially
‘pilotless’. This critique
was mirrored in the
Ministerial Review
Report.
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5.3 Key elements of a successful NSI
Four elements are identified as critical to a successful NSI.
5.3.1 Governance

In the White Paper (1996), it was recommended that a Minis-
ter’s Committee on Science and Technology (MCST) be cre-
ated, together with an advisory body, viz. NACI.

It is noted immediately that the MCST was directed to S&T and
not innovation, which is already a worrying indicator for gov-
ernance of a NSI. This committee did operate for some years
but then fell away. In 2004, the New Strategic Management
Model (NSMM) was established, with DST being the coordinator
of this governance structure. The Ministerial Review describes
in some detail the activities of this NSMM, but comments that
“DST, largely as a result of the NSMM organisational model set
up in 2004, has not been in a position to create a coherent,
truly systemic policy framework to promote and coordinate the
NSI, and has been obliged instead to throw its energies into ac-
tivities that it seems to have undertaken in the manner of a ‘line
department’, rather than a system-wide facilitator”.

In summary, it is fair to say that the NSI has not had an ade-
guate level of governance from the outset. Initially the structure
only focused on S&T, and later, the NSMM was largely dysfunc-
tional. This goes far in explaining why most of the policies and
strategies from other line departments may have mentioned
‘innovation’ as an important concept, but made no specific
efforts to see their activities as an integral part of the NSI. The
OECD’s comment on the lack of understanding of the broader
concept of innovation is explicable as there was no cross-cut-
ting and authoritative source communicating a unified vision
across government, and to the other actors. In reality, the NSI
can be described as ‘pilotless’, and in turn did not develop or
evolve as the country moved over the last 17 years. What is
more concerning is the lack of response to the comments of
OECD which, if considered, could have re-invigorated the NSI
much earlier.

The Ministerial Review has made some specific proposals re-
garding new models for the governance of the NSI in the form
of a National Council Research and Innovation (NCRI), which
have merit. Given the reluctance of the DST to establish an-
other statutory body in the form of NCRI, it will be important
to find an alternative governance structure that could provide
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Collaboration, shar-
ing and interaction
are key characteris-
tics of an innovating
country.

the direction that is needed. Certainly, the inclusion of business
isimportant and given the emerging Provincial innovation strat-
egies mentioned earlier, their learning will be a key input into
national innovation strategies and linkages should be encour-
aged.

As an alternative to the establishment of NCRI, DST convened
a STl Summit in July 2013, which is proposed as an annual gath-
ering with high-level ministerial support and participation from
the research sector and business and industry.

At the time of writing, uncertainty still surrounds the fate of the
Ministerial Review-proposed ORIP. Given the reluctance to es-
tablish a new entity, as mentioned above, a solutionisto amend
the NACI Act to transform NACI into a unit within DST, allowing
it to become responsible for coordinating policy advice and
for generating and commissioning research and analysis. This
dual role implies that the ‘new’ unit replacing both NACI and
ORIP would assist in identifying gaps within the NSI and direct
research to address the gaps. The policy advisory work cur-
rently undertaken by NACI could be given to the Academy of
Science of South Africa (ASSAf), an independent body, whose
mandate is to provide evidence-based advice on matters re-
lated to national challenges in general, including innovation.
The Academy will have to devise a strategy to draw more sys-
tematically from a larger pool of expertise to ensure that it is
inclusive and to address critical factors such as business partici-
pation, age, gender and racial imperatives, all while maintain-
ing its principle of excellence.

5.3.2 Interactions among NSI actors

Collaboration, sharing and interaction are key characteristics
of an innovating country. Most of the case studies reveal that

even when the research offers commercial potential, the suc-
cess rate is limited by factors linked to the interrelationships be-
tween the participants in the process. Whether this breakdown
results from a lack of entrepreneurial or business skills, internal
competition as opposed to collaboration, or misalignment with
markets, if these aspects are not understood and improvements
made, the NSI will struggle to achieve the goals originally set.

Itisimportant to consider the hidden aspect of the interrelation-
ships and interactions necessary between all the elements that
make for effective functioning of the innovation system. The
measurement of innovation impact remains difficult, but with-
out it, one is left with input factors and can obtain a distorted

There have been
too few in-depth
studies and reviews
of the project and
programmes sup-
ported by the many
instruments that have
been initiated by
government to en-
able the innovation
system.
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image of the reality and success rate of the system. Impact as-
sessment of research and innovation remains a contested field
(Delanghe and Muldur, 2007; Simmonds et al., 2010; Teirlinck,
2011), the more so when applied to basic research that most
often only yields long-term benefit.

As an interesting example, Stanford University has completed a
study entitled Stanford University’s Economic Impact via Inno-
vation and Entrepreneurship that indicates that since the 1930s,
companies formed by Stanford entrepreneurs have generated
global revenues of $ 2. 7 trillion, and have created 5.4 million
jobs. Further key findings include:

e 29% of respondents (Stanford alumni) reported being en-
trepreneurs who founded an organisation (for profit or non-
profit).

e 32% of alumni described themselves as an investor, early
employee of a board member in a start-up at some point
in their careers.

e 25% of faculty respondents (some of whom were also alum-
ni) reported founding or incorporating a firm at some point
in their careers.

< Among survey respondents who became entrepreneurs in
the past decade, 55% reported choosing to study at Stan-
ford because of its entrepreneurial environment.

While Stanford may be an exception, it shows how an institution
renowned for outstanding research can also play a major role
in its host system of innovation by stimulating entrepreneurial
flairamong its students. The question that is posed by this exam-
ple is whether South Africa, can learn that it is only by working
together, collaborating, sharing and interacting that the coun-
try will ever move forward as an innovating country.

What then is our evidence for ‘interactive learning’ in South Af-
rica as part of our NSI? Generally, there have been too few
open in-depth studies and reviews of the project and pro-
grammes supported by the many instruments that have been
initiated by government to enable the innovation system. Such
studies are often seen as an ‘audit’ where the emphasis seems
to be on finding problems, instead of being aimed at gener-
ating ‘learning and improvements’. Does South Africa have a
culture of regular evaluations of each of the programmes and
interventions, to ascertain positive features and areas where
improvements should be possible? It is important to differen-
tiate such review reports from the regular organisational an-
nual reports written to meet their statutory requirements. The
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real facts in a review process often come from interviewing
the beneficiaries who can give a unique perspective. In such
studies, the relationship issues between the various participants
form a key part of the learning. Such reports should be present-
ed and discussed in open forums. In this regard, the processes
used by Finland in relation to their bilateral programmes would
be a good example, where international and totally objective
reviewers are brought in to provide the most benefit.

In the present study, a search for such reports in the public do-
main proved difficult and indications were given that no such
reviews, as above, had been done. This becomes even more
important as a number of programmes were absorbed into the
TIA, without open assessment of their previous outputs and val-
ue to the NSI, which is problematic.

The importance of such studies is highlighted by Kruss (2006),
who reviewed case studies of selected projects with special
emphasis on “network alignment that analyses links that are
present or absent within and between networks in production,
innovation and knowledge systems”. Highlighting her conclu-
sions from three Innovation Fund case studies, Kruss suggested
that even though the intellectual capacity and degrees of en-
trepreneurial capability existed, spin-offs from our universities
are extremely complex. Many of the reasons for failure could
be attributed to inadequate relationships and misalignments
in value chains. She concluded that “The depth and extent
of network alignment within and between the subsystems of
the national technological system and industrial subsectors
in South Africa are not yet able to support knowledge inten-
sification adequately”. Adding, “Stronger, wider and deeper
complementarities and overarching linkages within firms, within
government and universities, and between government agen-
cies, universities and firms, could support the achievement of
shared developmental goals more effectively”.

Itis felt that the value of such studies is under-appreciated while
this type of learning is core to providing optimised offerings to
support the NSI. Most of the case studies reveal that even when
the research offers commercial potential, the success rate is
limited by factors linked to the interrelationships between the
participants in the process. Whether this breakdown results from
a lack of entrepreneurial or business skills, internal competition
as opposed to collaboration, or misalignment with markets, if
these aspects are not understood and improvements made,
the NSI will struggle to achieve the goals originally set.

Mobility, expressed
as ‘brain circulation’,
is a vital aspect of
innovation activity.
Laws and regulations
that needlessly im-
pede these flows are
counter-productive.
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5.3.3 Openness to the world

One of the most important characteristics of innovation sys-
tems is their openness to new ideas, new people, and new or-
ganisations. The US is still reaping the benefit of the thousands
of intellectuals, scientists and engineers who fled Europe dur-
ing the interwar years and settled there. Pre-1994, South Africa
encouraged immigration from Europe; as evidenced above,
post-1994 South Africa is benefitting from soft immigration pol-
icy toward scientists and engineers from elsewhere in Africa.
Mobility expressed as ‘brain circulation’ is a vital aspect of in-
novation activity. Laws and regulations that needlessly impede
these flows are counter-productive.

The DST Europe-South Africa S&T ESASTAP initiative has played
an important role in promoting mobility of researchers. In rela-
tion to the size of its research system, South Africa is the single
most active third-country participant in the EU Framework 7
Programme. As the bibliographic record confirms, the research
system is now open to the world.

Insofar as higher education and research are concerned, South
Africa has a special relationship with Africa. As already noted,
there are a large number of students and staff from Africa ac-
tive in the institutions of the innovation system. Between 7 to 8%
of university students are from sub-Saharan Africa (SSA), mak-
ing our country the higher education hub of the continent. Af-
rican scholars occupy leadership positions as research chairs,
research managers and analysts in the public and private sec-
tors. The DST provides critical support to AU S&T flagship projects,
and plays a leading role in promoting innovation policy devel-
opment through the New Partnership for Africa’s Development
(NEPAD) S&T Desk and the African STl Indicators Initiative. South
Africa performs the associated role of an African interlocutor
with the EU for S&T development, and has also served as a test
site for new approaches, such as the EU-funded Innovation for
Poverty Alleviation project.

South Africa has active S&T bi-lateral agreements with Brazil,
Russia, India and China, as well as for specific industrial R&D
projects that fall outside the immediate scope of the bilater-
al agreements, as for example previous Russian interest in the
PBMR, the Denel-Brazilian Air Force co-development of the A-
Darter missile, the Fujian University-Cedara mushroom project,
and mobility grants for scientists to travel to India as part of the
IBSA S&T agreement.

Merely gaining the award of the SKA is a significant achieve-
ment; building the 60-dish MeerKAT precursor will stretch our



94

There is a new em-
phasis on demand-
side policies giving
rise to the need un-
derstand how these
policies will benefit
South Africa and how
should they should be
implemented.

capabilities and capacities yet further. Exactly how this effort
will build local manufacturing R&D and innovation outputs re-
mains to be seen. The experience of Chile in relation to the
spill over that may arise from its hosting the European Southern
Observatory in the Atacama Desert (Feder, 2012) will be par-
ticularly instructive and deserves close study.

5.3.4 Demand-driven

Given the importance of the interactions within a functioning
NSI, Georghiou (2007) described an increasing convergence
of innovation and industrial policy. In particular, he focused on
the transition from ‘technological forecasting’ to ‘innovation
forecasting’ applied to both ‘content’ and structural’ issues.
In the latter case, specific mention was made of the French
Futuris programme, which was industry-led and focused on
the reorientation of their NSI. The foresight process, as was also
used by the COFISA programme, has the effect of building up
networks and “wiring up the innovation system” (Martin and
Johnson, 1999).

Innovation policy is also being reoriented to reflect the reali-
ties of ‘open innovation’ (Aho et al., 2006, Georghiou, 2007).
This has resulted in a new emphasis on demand-side policies,
“broadly speaking the use of instruments such as public pro-
curement and regulation to pull-through innovations but also
encompassing measures such as clusters and platforms which
seek to bring together demand and supply. In some ways,
these measures may be seen as new industrial policy as well
as new innovation policy, but in this case an industrial policy
which is fully compatible with the principles of competition”.
These demand-side measures are equally applicable to devel-
oping or emerging economies.

Applying these methods in a number of developing and tran-

sition economies, Georghiou (2007) noted that an important

issue was the system capacity for strategic development. Defi-

ciencies that exist may include:

= lack of conducive integrated policy and institutional frame-
work;

< under-developed technology and innovation promotion
planning capabilities;

= short-term thinking and reactive mode action;

= implementation failures on strategies;

= system linkage failures and poor coordination;

= disconnection of application of new technologies from so-
cio-economic problems;
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= scientific institutions with strong and inflexible disciplinary focus;
=« |ow technology and innovation intensity in industry.

Resource deficiencies may include:

= lack of funding for technology acquisition and diffusion;

= lack of human capital and increasing human resources crisis (brain drain, de-
mography);

= absence of adequate equipment and infrastructure.

5.4 Strengths and weaknesses of the NSI

A number of local and international assessments of the NSI reveal some causes for
concern, both in terms of interpretation of data, the message that is conveyed and
our international competitiveness.

The South African Innovation Survey (2008) paints a positive picture, showing South
Africa to have a higher percentage of ‘innovation activity’ than countries such as
Denmark, Sweden and the United Kingdom. However, of this activity, only 27.3% had
successful innovations. The indication that South African companies are highly in-
novative does not appear to have translated into growth in the relevant sectors.
International benchmarking studies reveal some major shortcomings and causes for
concern.

The INSEAD/WIPO Global Competitiveness Index (Gll) was launched in 2007 with
“metrics and approaches to better capture the richness of innovation in society and
go beyond the traditional measures of innovation as the number of research articles
and the level of R&D expenditure”. Specifically, the indicators used were divided
into those affecting the inputs to innovation, and those reflecting the outputs. Two
indicators derived, were the Gll, as the average of the input and output scores, and
the Innovation Effectiveness Index (IEl), as the ratio of the output and input scores.
Table 23 displays the GlI.

Table 23: Global Innovation Index, South Africa

Gll Score |Rank |Income Rank | Region Rank
Overall 37,4 54 Upper middle | 12 sub-Saharan Africa |2
Input factors 46, 4 45 Upper middle |5 sub-Saharan Africa |1
Output factors 28,5 73 Upper middle |23 sub-Saharan Africa |3

While South Africa is the top sub-Saharan (SSA) country in terms of the inputs to the
innovation system, and 5™ out of 40 upper-middle income countries, the situation is
radically different for outputs. Here, South Africa slips to 73 overall, 239 amongst the
upper-middle income countries and down to 3 in SSA.

In terms of the IEl, which is the ratio of output to input scores, South Africa is ranked
22" in SSA (out of 31 countries) and 116™ out of 141 countries, highlighting a deficien-
cy in the NSI. The reason lies in the very low score achieved for knowledge diffusion
(106*" position).
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In terms of the In-
novation Efficiency
Index (IEl), which is
the ratio of output to
input scores, South
Africa is ranked 2274 in
SSA (out of 31 coun-
fries) and 116™ out of
141 countries, high-
lighting a deficiency
in the NSI. The reason
lies in the very low
score achieved for
knowledge diffusion
(106™ position).
]

In the WEF Global
Competitiveness Re-
port 2012-2013, South
Africa is ranked 529
out of 144 countries
and has remained
close to this position
for some years. South
Africa is ranked as
an ‘efficiency-driven
economy’.

A key contributor to
an NSl is entrepre-
neurship. In the 2012
report, the score for
early-stage entre-
preneurship fell from
2011 to 2012 and was
well below the aver-
age for an efficiency-
driven economy. It is
as aresult, inter alia,
of poor infrastructure,
burdensome regula-
tory hurdles and lack
of finance.

Knowledge diffusion is a composite of technology, royalty re-
ceipts, high-technology exports, outward foreign direct invest-
ment (FDI), and ICT services exports, all of which reflect our de-
pendence on commodities. It is regarded as one of the most
important aspects of a NSI, especially in developing countries.

World Economic Forum — The Global Competiveness Report
2012 - 2013: South Africa is ranked 52" out of 144 countries and
has remained close to this position for some years. South Af-
ricais ranked as an ‘efficiency-driven economy’. Factors which
demonstrated high competitiveness are Financial Market De-
velopment (rated 3), Market Size (rated 25) and Goods Mar-
ket Efficiency (rated 32). At the negative end, the Health and
Primary Education (rated 132) and Labour Market Efficiency
(rated 113) are most obvious. Under the Higher Education and
Training pillar, it is noteworthy that South Africa is rated 143 for
the “quality of mathematics and science education” and 140
for the “quality of the education system”.

In the categories for the innovation-driven economy, South
Africa has a number of positive measures, but certain others
stand out, e.g. Nature of Competitive Advantage (rated 107),
Value Chain Breadth (rated 106), Government Procurement of
Advanced Technology Products (rated 105) and Availability of
Scientists and Engineers (rated 122).

The report lists the ‘most problematic factors for doing business’
in South Africa, with the top five being:

= Inadequately educated workforce

= Restrictive labour practices

= Inefficient government bureaucracy

= Inadequate supply of infrastructure

= Corruption

Such aspects, although not directly part of the NSI, are all im-
portant factors in the ecosystem. Thus the influence is insepara-
ble. Likewise, the NDP has specific actions needed to improve
these factors, and again reinforces the inextricable linkages
between this plan and the NSI.

The result is that South Africa is classified as an underperformer
based on the Gll and GDP.

Global Entrepreneurship Monitor (GEM) Survey: A key contribu-
tor to an NSI is entrepreneurship. In the 2012 report, the score
for early-stage entrepreneurship fell from 2011 to 2012 and was
well below the average for an efficiency-driven economy. It is
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as a result, inter alia, of poor infrastructure, burdensome regulatory hurdles and lack
of finance.

While international benchmarking studies are useful and illuminating, they do not
reflect deeply enough on the critical relationship issues and success factors. They are
thus useful but insufficient to address the further development of an NSI. What is miss-
ing is interactive learning as part of our NSI. There have been too few open in-depth
studies and reviews of the projects and programmes supported by the many instru-
ments that have been initiated by government to enable the innovation system.
Such studies are often seen as an audit where the emphasis seems to be on find-
ing deficiencies, instead of being aimed at generating learning and improvements.
There is also a need to review case studies of selected projects with special emphasis
on issues that determined success or failure. The value of such studies is underesti-
mated since they are central to providing guidance in support of the NSI.

South Africa has also benefited from participation in the OECD Review processes and
has become exposed to international trends. The OECD Review made a number of
significant recommendations that should have been taken into account through
extensive debate in the NSI with all the actors, but again this critical opportunity was
largely missed, but should be regained.

There is a critical element that is missing in all the debates and findings of com-
mittees, including the most recent Ministerial Review Committee report, and that is
the lack of good evidence of the performance of the various instruments that have
been established to serve the NSI. The key question is how to develop a new strat-
egy without a properly considered history? To date, there has been a very limited
amount of what is considered direct learning from the experience. There is also a
need to have a dedicated institution that would serve as a national archive for such
NSI historic data for learning purposes.

Were there regular evaluations of each of these programmes, and the associated
completed projects, to ascertain positive features and areas where improvements
should be possible?

Much effort in South Africa is expended on the various S&T and innovation surveys
which allow international benchmarking, but these indicators do not reflect deeply
enough on the critical relationship issues and success factors. Thus, while useful, such
studies are insufficient to foster the further development of a NSI.
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Toward 2030

6.1 Reflection

This appraisal of the state of our NSI considers the period from
1994 to the 2030 endpoint of the NDP. It is noted that the coun-
try is now halfway through this period.

The countries of Western Europe, Japan, and the Asian Tigers
were able significantly to raise their living standards in a gen-
eration; Singapore is another example of this rapid change.
Other countries such as Malaysia will take perhaps two genera-
tions to reach high-income status.

Democratic South Africa, while in a weakened economic
state, did not start from the same level of destruction as did the
above-mentioned countries, though the damage to our psy-
che is perhaps comparable. The long process of nation build-
ing enunciated in Archbishop Tutu’s metaphor of the ‘Rainbow
Nation’ has begun a process in which there are inevitable win-
ners and losers. Business, the PROs, HEIs, NGOs and other actors
have had to make sense of the new conditions and seek the
wherewithal to survive and prosper. New state structures have
been put in place and the face of government has changed
completely.

South Africa may sometimes appear to muddle along, but we
should remember that we are trying to manage an innovation
system. It may be relatively easy to track the inputs to the sys-
tem, and to log the codifiable outputs, but ensuring specific
outcomes, determining impacts, and ascribing these to spe-
cific actions, may be difficult. Other than during the fog of wa,
governments are not very good at driving specific innovation
outcomes. The country must assume that all its people do their
best, and if that is indeed the case, then it would have to agree
that the innovation system actors — from government through
to NGOs - have done reasonably well. The criticism made here
is in the spirit of continuous improvement.

One of the most insightful comments of the OECD Review was
in noting “the striking achievement of South Africa ... to defy
the extremely poor framework conditions facing the innovation
system in the early 1990s’ (OECD, 2007: 4)”. Unlike other coun-
tries that underwent massive political and social restructuring,
the innovation system did not collapse. Indeed, most institu-
tions showed continuity of activity whereby the capability built
over many years remained in place and was able to serve both
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existing interests and new priorities. This was precisely what the Constitution intended
to happen. The country has done quite well.

The broad features of the innovation system landscape are thus relatively unchanged
from those pre-1994 - the set of science councils is barely altered; the leading univer-
sities of then are the leading universities of now. Business looks somewhat different,
with the dominance of the few giving way to the emergence of new actors. The bal-
ance of forces nationally and internationally is radically different: government must
deal with many constituencies with varying degrees of leverage and influence; the
international order has shifted from the bipolar Cold War era, to the short unipolar
dominance of the US, and now, at least economically, to the multipolar world with
the Peoples’ Republic of China as the second largest economy, to Japan in third
position. South Africa, still the dominant economy in Africa, has gained a seat in
the BRICS bloc as the ‘Gateway to Africa,” a delicate role that will be contested by
players such as Nigeria and Egypt, if and when they achieve stability. The facts of
demography, being the smallest of the BRICS, are simply not in our favour. It is time to
recognise that our dependence on minerals amounts to our own special version of
the resource curse that encourages the postponement of addressing our underlying
challenges.

To prosper and develop, South Africa needs to think as smartly as did the Asian Tigers,
who recognised that their main resource was their people. This is what the NDP sets
out to do. But it does so without being propelled by a national crisis SO encompass-
ing that it forces strong alignment toward the pains of restructuring. The country is
perhaps too complacent, with the status quo.

The agenda of science, what one might very loosely term its compact with society,
has shifted from one that provided technology for the warfare state to one provid-
ing social science for the welfare state, with the freedom to pursue ‘own research’
being maintained over the transition. The ‘big science’ strategic projects of the 1970-
1990 period — armaments and nuclear weapons — have given way to a new set of
big science projects — the PBMR, SALT, MeerKAT, and now, SKA. Science has risen to
the challenges of tuberculosis, HIV and to a lesser extent, malaria, and with dignity
and flair has built world-class capability in work on infectious diseases. This is ‘own
science’ at its best. South African scientists have continued to garner international
recognition. Again, the country has done quite well.

Business has also performed reasonably, less so in terms of job creation, but certainly
in creating and capturing new markets. Brand South Africa is ubiquitous and growing
its international reputation by the day.

The innovation system is open to the world, and open to all South Africans, with the
recently published Forbes List of young African entrepreneurs® including Sizwe Nzima
(lyeza Express), Stanley Uys (Medical Diagnostech), Ludwick Marishane (Headboy
Industries), Rapelang Rabana, (co-founder Yeigo Communications) and Justin Stan-

= http://www.iol.co.za/capetimes/cape-tops-young-entrepreneurs-list-1.1531405#.UbwzbPahlXc.
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ford (4Di Group). What these five have in common is the recognition of health needs
and ICT potential. Their talent and recognition suggests there may be greater vitality
in the system than the Global Entrepreneurship Monitor (GEM) found.

And the featuring of Lodox™ on the TV series Grey’s Anatomy story?* serves as a
positive counterpoint to the disappointment associated with Hoodia. One should
take note however, of the length of time it took for Lodox to gain a foothold in medi-
cal imaging, from its origins in the 1980s to counter-diamond smuggling to the pres-
ent when low-intensity x-ray scanning is in high demand. The Industrial Development
Corporation (IDC) is a major shareholder in Lodox Systems, pointing to the combina-
tion of attributes that has been fulfiled: a clear need, technology that might meet
that need, the skills base to develop the technology, the financial backing to make
it happen. This is a great example of a product associated with the resource curse,
evolving into a tool for curative medicine. For the moment this is a niche market, but
it does show a way forward, much as DetNet and EMSS have.

This is the type of intervention that governments are best equipped to do. It involves
careful appraisal of a public need, emphasising the demand-driven aspect of a suc-
cessful innovation system, and then the marshalling of the necessary resources within
the appropriate regulatory framework to allow it to happen.

6.2 Key findings and recommendations

As a consequence of the analysis given in the body of the Report, it is important to
highlight some of the key findings of this review and to provide recommendations
aimed at improving the ability of the NSI to deliver on its promises and potential.

As a starting point, there was a focus on definitions and it was concluded that there
is a lack of a shared understanding of the concepts of innovation and a system of in-
novation. The definition favoured by the DST is the one given in the Oslo Manual and
is shared by the SADC, AU and EU. In this Report the broadening of the definition to
consider a more recent World Bank (2010a) understanding, particularly appropriate
for developing countries is recommended. It places emphasis on the dissemination
of technologies that are new to a given society and that innovation should benefit
society.

The need to create a common understanding of innovation and the NSI applicable
to South Africa is essential before the interrogation of the role of the NSI in the NDP
is made. The ‘linear model of innovation’ has become entrenched in our thinking
and continues to dominate policy formulation. It is responsible for concluding that
an increased investment in basic and applied research will necessarily lead to inno-
vative products and services in the marketplace, and where this does not happen,
has given rise to the concept of an ‘innovation chasm’, which has also become an
entrenched idea.

An alternative view given in Chapter 5 places emphasis on the linkages and inter-
actions within the system, and also emphasises that these are complex, and often

2*http://lodox.com/2013/06/from-good-to-grey-a-south-african-story/.
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reciprocal in nature. A concept map of the STl landscape has been produced (Fig-
ure 5) that provides a means of visualising the interdependency and complexity of
the system. The conclusion is that the South African research and innovation system
comprises actors and institutions typical of a mature innovation system; it is the link-
ages and interactions that are weak.

The NDP represents novel thinking about innovation. It gives greater prominence to
STI than any of the preceding policy documents and, importantly, adopts and ad-
vocates a system-wide view of STl in relation to broader society. It takes the concept
out of the sole domain of the DST and considers it to be relevant across government.
In brief, the NDP considers the NSI as a vital means for improving the quality of life
and improving economic competitiveness. It emphasises continuous learning, part-
nerships, networks, coordination and coherence as essential for economic growth.
Of utmost importance is collaboration among government, business and industry,
research institutions, including science councils and universities, as well as the public
at large.

Any recommendations to re-energise the NSI cannot be seen in isolation from the
NDP, and innovation actually becomes a key enabler for many of its elements. The
government’s acceptance of the NDP as the blueprint for the country over the next
20 years presents a unique opportunity to reposition the NSI by communicating cor-
rectly the significance of innovation and why it is important for the nation’s future.

The goals of the NDP underscore the World Bank conception of innovation through
its emphasis on the need for the NSI to serve the needs of society. The key issue for
developing countries is to strike the right balance between using and attracting ex-
isting technology and knowledge, and adapting these to the local context, while
simultaneously pursuing focused research and development, including that which is
regarded as ‘frontier technology’, in domains where there is local advantage.

Government has an important role to play in fostering a climate in which innovation
will flourish. There are five actions that governments can typically take to contribute
towards a well-functioning innovation system. These are:

1. Setting the framework conditions: macro-economic stability; regulation; mech-
anisms for prioritisation, agenda setting and coordination; maintenance of a
standards regime; protection of intellectual property rights; direct and indirect
funding incentives.

2. Ensuring the supply and mobility of knowledge workers: human resource devel-
opment; immigration law; networking mechanismes.

3. Promoting knowledge exchange: mechanisms for knowledge exchange and
technology transfer including codified and tacit knowledge, and mobility.

4. Providing knowledge infrastructure: public research organisations; provision of
scientific and technological services; provision of research and communication
infrastructure.

5. Engaging in policy learning: measurement, monitoring and evaluation; impact
assessment; foresight study; utilising evidence-based decision-making; consensus
conferencing.
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Inputs considered in the Report are human capital inputs, both at the school and
higher education level, and financial inputs in terms of GERD, as well as R&D expendi-
ture.

The South African school system features in the NDP as in the previous reviews as a ma-
jor constraint to a vibrant NSI. In terms of performance, there is a high-achieving core
and a large periphery of underperforming schools. Performance on international tests
reveals that while the TIMSS score has increased since 2003, it is still much lower than
international levels. More concerning is that even the best-resourced schools only
perform at the international average, and furthermore, that South Africa is ranked in
the bottom three of 45 countries that participated in the survey. Learner participation
in school falls off sharply after Grade 10, reflecting government policy of compulsory
schooling to age 15 and the point where learners may enter the labour market at
age 16.

South Africa spends 6% of GDP on education, the 38" highest in the world. There has
been alarge injection of funds into the teaching profession to raise certification levels.
By 2010, over 67% of teachers had a four-year teaching qualification (increased from
25% in 1998). Yet teacher qualifications are still below international norms; only 60%
of South African mathematics teachers have degrees (international average is 87%)
and only 53% of South African science teachers have degrees (international average
is 909%).

It is clear that the poor state of school education limits the potential of tertiary edu-
cation. Such matters cannot fall outside the discussion of a NSI as the future ability to
compete in a global knowledge-based world is steadily being eroded.

At the higher education level, the proportion of STEM enrolments and graduates (all
levels) has remained steady at approximately 25% over the 2007 to 2011 period. There
has been significant growth in the proportion of African students (including those from
Africa) who now comprise 58.3% of STEM graduates.

Access to higher education still reflects the historical legacy of apartheid. In 2009, stu-
dents’ participation designated as ‘white’ was 56.9%, ‘Indian’ 44.9%, ‘coloured’ 14.8%
and ‘African’ 13.3%. Overall progression rates are problematic: of the 120 000 stu-
dents who enrolled in 2000, 50% dropped out and only 11% graduated in three years.

There were about 17 000 permanent staff members at universities in 2011. Of these,
35% had doctoral degrees compared with the NDP target of 70% (for 2030). Staff
levels have not kept pace with the growth in student enrolment and the number of
‘science workers’ in general has declined since 2004.

Technical and vocational education has been seriously neglected in policy frame-
works; a total of 13 500 artisans graduated in 1985 compared with 2 548 in 2004. There
has also been a shift from engineering fields to service-related fields. The challenge
now is to attract working-age persons to upgrade their skills, as opposed to the FET
colleges acting as conduits for school leavers.
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Universities have played a crucial role in developing resources but the outputs are
more supply-driven rather than demand-driven. This has resulted in the production of
a pool of human resources not adequately matched to the requirements of the NSI.
The higher education sector would need to conduct a foresight study to determine
the current and future skills required by business and society to inform their curricula,
and teaching and learning. The universities of technology have an important task in
linking technology development and diffusion and supply the required human re-
sources with requisite skills for industry and private business such as SMEs.

Turning to financial inputs, the GERD:GDP ratio hovers around the 0.87 level, well
below the target of 1.0. In 2009/10, R&D expenditure was: business (including state-
owned entities) 54.1%; government, 21.6%; and higher education, 24.3%. This profile
is similar to that of France, Germany and Eastern Europe. If state-owned entities are
excluded, then the business sector proportion drops to 40%, producing a profile simi-
lar to that of Brazil and Argentina. There has been a steady increase in foreign funds
for R&D. Of this, 60% (R 1.5 billion) goes to the business sector.

The DST’s contribution to the system has increased from R 1.149 billion (current Rands)
in 2005 to R3.430 billion in 2009, an annual compound growth rate of 130%.

The number of FTE researchers in the higher education sector has barely changed
from 1991/92 to 2009/10, hovering around 3 600. In the business sector, FTE research-
ers peaked at 6 663 in 2007/08 and declined since. The FTE doctoral students have
tripled in 17 years, but the number obtaining doctorates has only doubled. The FTE
for technicians has remained static.

In terms of research outputs, the publication count has increased nearly three-fold
over the period 1990 to 2012. Since 2003, there has been a sharp increase of 140%.
This trend has occurred despite the fact that there has been no appreciable in-
crease in FTE researchers.

The publication count with foreign co-authors has risen from 15% of the total (in 1990)
to above 50% in 2011. South Africa’s share of world total publications has fallen from
0.42% to 0.36% over the period 1995 to 2009, reflecting the dramatically increased
contribution of countries such as Brazil, India and China. Major research collaborat-
ing countries are the US, followed by the UK, and then some way behind, a cluster
comprising France, Germany and the Netherlands, all at similar levels.

Four research areas (infectious diseases; public environmental and occupational
health; immunology; and virology) have shown dramatic increases in publication
counts. There has been a swing away from research in clinical medicine to infectious
diseases, with the decline in clinical medicine being attributed to the downscaling of
provincial support for research in academic teaching hospitals i.e. directly related to
this area of government intervention. The increase in research in infectious diseases
research, on the other hand, cannot be attributed to government policy as the shift
took place at the time of the government’s HIV/AIDS causation debacle; it is rather
related to the availability of funding from international donors.
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The universities are the major producers of research, followed by the science coun-
cils, then the national facilities, with industry falling far behind.

There is a problem of reliable data when considering innovation outputs, implying
that the real level of patenting is probably higher than the statistics show. The num-
ber of South African patents registered has increased over time, despite a slippage
in international rankings, due to a relatively greater increase in the Far East and Chi-
na. The fields of civil engineering, materials and chemical engineering are dominant
in patents registered.

There are some salutary lessons from Malaysia. In the 1970s, South Africa was far
ahead of Malaysia in terms of GDP/capita and scientific output. Today, Malaysia’s
GDP/capita is 50% greater than South Africa’s and its exports comprise amongst the
highest proportion of high technology products globally. Key lessons are government
investment in high-quality education, especially mathematics and science, and fo-
cused support of industry.

The receipts for South African technology abroad are very low when compared with
those of other industrialised countries, which is puzzling given the large expansion in
trading abroad. There is also a large gap between payments for technology from
abroad and receipts. The technology balance of payments gap is not significant if
the imported technology is put to good use and creates jobs, as is the case with the
Automotive Industries Development Programme (AIDP). However, the gap may be
significant if it denies tax income to the fiscus.

In terms of the registration of plant cultivars, South Africa is amongst the 15 most
prolific countries globally. These measures represent some of the many indicators
commonly used and cited in the Report. It is acceptable to assess the status of S&T in
South Africa in terms of PhD numbers, publication counts, citations, patents, etc. but
there is a need to go beyond these measures. The outputs need to be considered
in terms of their relevance to the NSI goals. The views of employers on the quality
of knowledge workers and graduates produced by our education system need to
be assessed. There is a need to measure the value of the investment in innovation-
related processes and the returns. Finally, and perhaps most importantly, the country
needs to have indicators that relate to the imperatives of the NDP.

Four key elements of a successful NSI were listed. They are:

Governance

The NSI has not had an adequate level and structure of governance from the outset.
Initially the structure focused only on S&T, and later the New Strategic Management
Model was largely dysfunctional. The OECD Review (2007) made many pertinent ob-
servations, one of which was that there was a lack of understanding of the broader
concept of innovation. This is explicable as there was no cross-cutting and authorita-
tive voice communicating a unified vision across government, and to other actors.
The NSI was essentially ‘pilotless’. This critique was mirrored in the Ministerial Review
report. In response to the Ministerial Review report recommendations on NCRI, DST
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organised a STI Summit attended by the Deputy President and representatives of
other ministries responsible for sub-sets of the NSI, and research and business leaders.

Interactions between NSI actors

Collaboration, sharing and interaction are key characteristics of an innovating coun-
try. Most of the case studies reveal that even when the research offers commercial
potential, the success rate is limited by factors linked to the interrelationships be-
tween the participants in the process. Whether this breakdown results from a lack of
entrepreneurial or business skills, internal competition as opposed to collaboration, or
misalignment with markets, if these aspects are not understood and improvements
made, the NSI will struggle to achieve the goals originally set.

Openness to the world
Mobility, expressed as ‘brain circulation’, is a vital aspect of innovation activity. Laws
and regulations that needlessly impede these flows are counter-productive.

Demand-driven

There is a new emphasis on demand-side policies giving rise to the need to under-
stand how these policies will benefit South Africa and how they should be imple-
mented.

Turning to the strengths and weaknesses of the NSI, a nhumber of local and inter-
national assessments of the NSI reveal some causes for concern, both in terms of
interpretation of data, the message that is conveyed and our international competi-
tiveness. The South African Innovation Survey (2008) paints a positive picture, show-
ing South Africa to have a higher percentage of ‘innovation activity’ than countries
such as Denmark, Sweden and the United Kingdom. However, of this activity, only
27.3% had successful innovations. The indication that South African companies are
highly innovative does not appear to have translated into growth in the relevant
sectors. International benchmarking studies reveal some major shortcomings and
causes for concern.

It is important to restate the findings of the Global Competiveness Report 2012 — 2013
which ranked South Africa 52" out of 144 countries and has remained close to this
position for some years. South Africa is ranked as an ‘efficiency-driven economy’.
Factors which demonstrated high competitiveness are Financial Market Develop-
ment (rated 3), Market Size (rated 25) and Goods Market Efficiency (rated 32). At
the negative end, the Health and Primary Education (rated 132) and Labour Market
Efficiency (rated 113) are most obvious. Under the Higher Education and Training pil-
lar, it is noteworthy that South Africa is rated 143 for the “Quality of Mathematics and
Science Education” and 140 for the “Quality of the Education System”.

In the categories for the Innovation-driven Economy, South Africa has a number of
positive measures, but certain others stand out, e.g. Nature of Competitive Advan-
tage (rated 107), Value Chain Breadth (rated 106), Government Procurement of Ad-
vanced Technology Products (rated 105) and Availability of Scientists and Engineers
(rated 122). The report lists the “most problematic factors for doing business” in South
Africa, with the top five being:



= Inadequately educated workforce
= Restrictive labour practices

= Inefficient government bureaucracy
= Inadequate supply of infrastructure
< Corruption

Such aspects, although not directly part of the NSI, are allimportant factors in the eco-
system. Thus the influence is inseparable. Likewise, the NDP has specific actions need-
ed to improve these factors and again reinforces the inextricable linkages between
this plan and the NSI. The result is that South Africa is classified as an underperformer
based on the Gll and GDP.

While international benchmarking studies are useful and illuminating, they do not re-
flect deeply enough on the critical relationship issues and success factors. They are
thus useful, but insufficient to address the further development of an NSI. What is miss-
ing is interactive learning as part of our NSI. There have been too few open in-depth
studies and reviews of the projects and programmes supported by the many instru-
ments that have been initiated by government to enable the innovation system. Such
studies are often seen as an audit where the emphasis seems to be on finding deficien-
cies, instead of being aimed at generating learning and improvements. There is also a
need to review case studies of selected projects with special emphasis on issues that
determined success or failure. The value of such studies is underestimated since they
are central to providing guidance in support of the NSI.

South Africa has also benefited from participation in the OECD Review processes and
has become exposed to international trends. The OECD Review made a number of
significant recommendations that should have been taken into account through ex-
tensive debate in the NSI with all the actors, but again this critical opportunity was
largely missed, but should be regained.

There is a critical element that is missing in all the debates and findings of commit-
tees, including the most recent Ministerial Review Committee report, and that is the
lack of good evidence of the performance of the various instruments that have been
established to serve the NSI. This relates back to Lundvall’s description of an NSI that
stresses interactive learning. The key question is how to develop a new strategy with-
out a properly considered history? To date, there has been a very limited amount of
what is considered direct learning from the experience. There is also a need to have a
dedicated institution that would serve as a national archive for such NSI historic data
for learning purpose.

Each and every review of the NSI has identified the poor engagement with private
sector business as one of the serious failings in implementing the NSI model. This is
particularly true of the SME. The Ministerial Review report recommended “systemic ef-
forts to bring business and government together” and that government departments
involved in research and innovation should employ staff with business skills to improve
communication. Likewise, the previous OECD report in 2007 had also highlighted the
same deficiency but made no specific recommendations.
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In order to gain a full perspective of the actors in the NSI, their alignment with national
priorities and the extent of active innovation value chains, much information needs to
be gathered and summarised to understand where the gaps in the processes are and
how these can be improved.

Discussions with key industry sectors will provide information on needs and future re-
guirements for technology transfer, research and development priorities, and human
resource development. These needs can be discussed with the relevant actors in uni-
versities, agencies and public research labs to build connections, based on what are
considered to be appropriate responses locally or through international acquisition.

There is an embryonic regional innovation system in South Africa. Various regions and
provinces have started to define their own approaches to innovation strategies. These
‘bottom-up’ initiatives need to be harmonised and incorporated into the NSI. Regional
systems are key building blocks of the national system.

The presence of clusters, e.g. the wine industry in the Western Cape, is most likely to
be regional. International experience has shown that there are often higher abilities to
innovate in industry clusters due to the concentration of complementary competenc-
es, specialised services providers and enhanced technology and market knowledge.
Such clusters often link to local tertiary education institutions and develop relevant
research capabilities.

To date, DST has supported the formation of Regional Innovation Forums, with variable
success. However, this aspect has essentially been under-resourced and was never
‘mainstream’. In re-vitalising the NSI, therefore, a robust regional innovation strategy
will need to be developed and a suitable administrative model and funding defined.

Such a structure will be a key to engaging and interacting with the various role players

and should have neutrality to be able to facilitate across the spectrum of actors.

In conclusion, based on the key findings summarised above, a set of recommended

actions for reinvigorating the NSI is made as follows:

1. The major message is simple: everything possible must be done to open the skills
pipeline and ensure that quality emerges from it.

2. Regular studies of linkages among the NSI actors need to be undertaken to deter-
mine what improvements are needed for the system. There is a need for a careful
review of the positioning and expectations of outputs of all the actors and institu-
tions in terms of their optimum roles in serving the local system of innovation.

3. Mechanisms need to be putin place to enhance the selection and use of technol-
ogy and knowledge that is globally available, in order to develop the capacity
to utilise these for the most pressing social and economic needs.

4. A comprehensive and fully inclusive communications strategy for the NSI and its
role in the NDP should be developed and implemented.

5. There is a need to integrate education and local research systems into the NSI
approach to get the alignment, focus, societal support and the enhanced cohe-
sive energy to meet the country’s needs.

6. There is a need for coherent opportunities for ‘lifelong learning’ as the speed
of change in technology and knowledge is so rapid that individuals need assis-
tance to stay abreast.
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7.

10.

There is a need to develop an augmented new set of output indicators that go
beyond the traditional measures that will facilitate determination of the value of
investment and link to the goals of the NDP.

Scoping studies of priority sectors (e.g. those identified in the NDP, the IPAP of the
dti, etc.) and, in particular, the knowledge-based sectors, such as ICT, biotech-
nology, pharmaceuticals and health, should be carried out to identify large and
small business contributors and the related industry associations in each case.
Reviews must be conducted of policies and instruments to determine their ef-
fectiveness and to suggest enhancements or changes that should be made.
The reviews should be placed in the public domain to canvas further input and
formulation of recommendations.

In re-establishing the NSI, Regional Innovation Forums should be supported and
strengthened. An assessment should be carried out, by region, of the regional
determinants and the active linkages.
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