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technologies

ICT information and communication technology

IDM Institute of Infectious Disease and 
Molecular Medicine

IDRC International Development Research Centre

JET Joint Education Trust

JIF journal impact factor

KSAs key strategic areas

LMIP Labour Market Intelligence Partnership

MARS Marine and Antarctic Research Strategy

MFP multifactor productivity 

MINTEK Council for Mineral Technology
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MNCS mean normalised citation score

NASAC Network of African Science Academies

NDP South Africa’s National Development Plan

NECSA Nuclear Energy Corporation of South Africa 
(previously AEC)

NEEDU National Education Evaluation and 
Development Unit

NGOs  non-governmental organisations 

NIH National Institutes of Health 

NIM National Institute of Metallurgy

NIWR National Institute for Water Research

NRF South Africa’s National Research Foundation

OECD Organisation for Economic Co-operation 
and Development

PBMR Pebble Bed Modular Reactor

PICC Presidential Infrastructure 
Coordinating Commission

PPP purchasing power parity

R&D research and development

R&I research and innovation

RFS relative field strength

RSA Republic of South Africa

S&T science and technology

SAEON South African Environmental 
Observation Network

SAIAB South African Institute for Aquatic Biodiversity

SAIMR South African Institute of Medical Research

SAK SA Knowledgebase

SAMRC South African Medical Research Council

SANAC South African National Aids Council Trust

SANAP South African National Antarctic Programme

SANBI South African National Biodiversity Institute

SANEDI South African National Energy 
Development Institute

SANERI South African National Energy 
Research Institute

SANSA South African National Space Agency 

SARChI South African Research Chairs Initiative

SASA South African Sugar Association

SATD South African Thesis Database

SAWS South African Weather Service

SDGs sustainable development goals

SETA Sector Education and Training Authority

SOCCO Southern Ocean Carbon and 
Climate Observatory

STII science, technology and innovation indicator 

THRIP Technology and Human Resources for 
Industry Programme 

TIMSS Trends in International Mathematics and Science

TVET Technical and Vocational Education and Training

UNCST Uganda National Council for Science 
and Technology

UNECA United Nations Economic Commission for Africa

UNESCO The United Nations Educational, Scientific and 
Cultural Organisation

USAID United Nations Agency for International 
Development

VFP Victoria Falls and Transvaal Power Company

WADER Water Technologies Demonstration Programme

WoS Clarivate Analytics’ Web of Science 

WRC Water Research Commission

WRHI Wits Reproductive Health and HIV Institute
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PREFACE

Preface
Background
The South African National Research Foundation (NRF) 
requested the Centre for Research on Evaluation, Science 
and Technology (CREST) late in 2015 to undertake – in 
partnership with the Battelle Corporation in the USA1 
– a ‘comprehensive assessment of the state of the South 
African research enterprise’. The scale of the work 
involved resulted in a study that took more than three 
years to complete. The first 30 months of the study were 
devoted to data collection, data management and analysis. 
Given the range of data sources and methods of analyses 
that have gone into this study, writing of the report only 
commenced in September 2018. The appendices provide 
detailed information of the data management requirements 
as well as the methodological challenges of the study.

The report arguably constitutes the most comprehensive 
empirical assessment of the state of the South African 
research enterprise. Over the years, various studies 
have been conducted that are either mono-method 
studies (bibliometric studies or scientometric studies) 
or focussed on a single sector (such as the university 
sector) or single components of the enterprise (such as 
investment in research or research output). The final 
product brings together four different but complementary 
types of assessment which are reflected in the structure of 
the report.

‘Constructing’ such a complex study posed its own 
challenges. At the level of data we had to reconcile the 
differences in data definitions and field classification 
frameworks, key missing data from such diverse data 
sources as the Clarivate Analytics Web of Science (WoS), 
SA Knowledgebase (SAK), Higher Education Management 
Information System (HEMIS), NRF funding data and so 
on. As far as measurement is concerned, we present 
the results of analyses on more than 80 indicators for 
the different types of assessment. At the analytical and 
interpretive level, we had to traverse a wide range of fields 
in order to integrate the huge amount of evidence into a 
coherent narrative. We would have liked to reflect more 
on some of the major findings and implications of our 
analyses, but have decided to release the report for wider 
dissemination and discussion at this stage.

The report is published a few months after the approval 
of the new White Paper on Science, Technology and 
Innovation. Its publication coincides with other significant 
events on our national science policy agenda including the 
release of a Research Foresight report and commencement 

1 The role of Battelle would eventually be significantly reduced with the 
buyout of the division with which CREST had to collaborate (TEConomy). 
In the final analysis, their contribution would be confined to thematic cluster 
analyses using their proprietary (OmniViz) software programme.

of work on a new decadal research strategy for 
the country as well as a monitoring and evaluation 
framework for the science system. We trust that this 
report will become a useful document of reference in 
these endeavours. 
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Executive summary
Introduction
Our overview of the main findings of the study mirrors the 
contents of the four sections of the report. We combine the 
findings from our analyses in Parts One and Two under the 
first heading: International and historical benchmarking. 
Under this heading we discuss our findings according to 
our assessment of three dimensions of the South African 
research enterprise: Research funding, Research capacity and 
Research performance. The second and third headings follow 
the headings of Part Three (Scientific field assessment) and 
Part Four (Strategic research assessment) in the report.

International and historical 
benchmarking: Research funding
South Africa invests too little in Research & Development 
(R&D). Although nominal expenditure has increased, 
Gross Domestic Expenditure on R&D (GERD)/Gross 
Domestic Product (GDP) has remained unchanged at 
around 0.8% for most of the past fifteen years. This 
translates in a world rank of 44 on GERD/GDP in 
2015. The national target, as expressed in many policy 
documents, of 1% remains elusive. South Africa’s poor 
performance in research funding is best illustrated 
by the fact that, when compared to eight very similar 
research systems, our investment is less than half of 
their mean investment. 

Expenditure on R&D is inadequate
South Africa spent R32.3 billion on R&D in 2015/16, an 
increase on the previous year. Although there has been a 
marginal improvement in the value of GERD/GDP over 
the reporting period, our negative assessment of GERD/
GDP is based on the fact that the national target of 1.0% 
is yet to be attained. The South African government has in 
various policy and strategy documents set a target of 1.0% 
of GDP to be spent on R&D by 2020; a target that now 
seems increasingly unlikely given the current economic 
climate. By comparison, countries within the Organisation 
for Economic Co-operation and Development (OECD) 
on average spend about 2.4% of their substantially larger 
GDPs on R&D. 

SA does not compare favourably with the 
rest of the world in funding of research
The value of GERD/GDP of 0.8% puts South Africa in 
44th position in the world in 2015. The Lead countries 
on this indicator in 2015 spent around four to five times 
more on R&D than South Africa (Israel and South Korea 
at 4.2%; followed by Switzerland, Japan and Sweden at 
around 3.3%). Even when compared with our Comparator 
(most similar) countries, South Africa is second last behind 
Malaysia (1.3%), Portugal (1.24%), Poland (1.0%), Greece 
(0.97%) and Turkey (0.88%). SA is the lead country on the 

African continent where the average GERD/GDP in 2015 
was around 0.3%.

Steady increase in GERD per capita 
Expenditure per capita (in current $’000s) has increased 
from $56 in 2001 to $105 in 2015. Despite this near 
doubling of GERD per capita, South Africa’s rank on this 
indicator is even lower (56) than its rank on GERD/GDP. 
To understand why this is the case, one only needs to look 
at what the Lead countries in the world spent per capita 
on R&D in 2015: Switzerland ($2 100), Singapore ($1 854), 
Israel ($1 619), Sweden and the USA both around $1 550 
followed by Austria ($1 500), South Korea and Denmark 
(both at $1 450). Even when compared to more similar 
sized research systems, South Africa does not compare 
well. The top Comparator countries spent between two 
and three times more per capita on R&D than us.

Significant decline in the contribution of 
the business sector to expenditure on 
R&D in the country
Expenditure by source of funding shows that the 
government increasingly funds the biggest proportion 
of R&D in the country. Whereas the business sector 
(Business Enterprise Expenditure on R&D [BERD]) funded 
approximately 56% of all R&D in 2001, this proportion 
has declined to 39% in 2015. Over the same time-period, 
the government sector’s proportion of R&D increased 
from 36% in 2001 to 45% in 2015. Funding sourced from 
overseas sources doubled over the same period from 6% 
to 13%. While it is of concern that business is increasingly 
investing less in R&D in South Africa (proportionate to the 
other sectors), the decline must be seen in the context of 
South Africa’s substantially larger GDP. And while business’ 
proportion is declining, it still spent a substantial amount of 
R13.8 billion on R&D in 2015/16.  

In most of the Lead countries in the world the business 
sector tends to be the largest funder of R&D (from 78% 
to 50%). The exception is Israel with the majority of its 
funding for R&D coming from abroad (52%). Conversely, 
in most countries in Africa the government sector and 
funding from abroad are the main sources of funding of 
R&D. The funding by type of R&D activity differs markedly 
amongst the Comparator countries, with R&D in Malaysia 
mainly being funded by the business sector (50%). For 
Portugal, the funding by the business sector (43%) and 
the government sector (44%) are close to equal. The 
government sector is the main funder of R&D for all 
the BRICS (Brazil, Russia, India, China and South Africa) 
countries, except for China where the business sector is 
the largest source of R&D funds.

The declining trend of BERD has been recognised by the 
South African government. The causes of this trend are 
also reasonably well understood and include the partial 
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demise of several large companies which were responsible 
for the bulk of BERD (e.g. Anglo American and Eskom), 
the movement of local R&D to other countries (De Beers 
and others) and the closure of the Pebble Bed Modular 
Reactor. The Department of Science and Technology 
(DST) has adopted a broad set of instruments to deal with 
this problem, including the introduction of the R&D tax 
incentive, the establishment of the Technology Innovation 
Agency (TIA) and the direct funding of BERD in certain 
sectors such as energy, biotechnology and pharmaceuticals 
(Walwyn, 2016: 73). 

Decline in proportion of R&D devoted to 
experimental development
R&D by type of activity has also changed and most pertinently 
as far as the proportion of funding for experimental 
development is concerned. In 2001, 32% of R&D was 
classified as involving experimental development. By 2015, 
this proportion had declined to 25%. This change is mainly 
due to the increased expenditure on applied research which 
increased from 40% in 2001 to 48% in 2015. Expenditure on 
basic research remained unchanged at around 25%.

Research capacity
The research capacity in the country is too small and needs 
to be expanded as a matter of urgency. This point is vividly 
made by the fact that the Comparator countries have on 
average twice as many full-time equivalent researchers 
per thousand of the workforce and three times as many 
per million of the countries’ inhabitants compared to 
South Africa. Our low spend on R&D is also reflected in 
South Africa’s low ranks on these two research capacity 
indicators in 2015: positions 62 and 69 respectively. 
Even though we have made great strides in expanding 
the doctoral pipeline over the past 15 years, the ratio of 
doctoral graduates to million of the population remains 
well below international benchmarks.

The most recent R&D statistics on the researcher capacity 
of the country would suggest a positive picture. The number 
of researchers increased by 3 400 over the past five years. 
However, closer inspection of these numbers shows that 
most of this increase is due to the growth in the numbers 
of postgraduate students and post-doctoral researchers. 
In fact, the increase in overall numbers masks a decline 
in full-time equivalents employed as researchers within 
universities. Within universities, full-time equivalent (FTE) 
researchers, not including postgraduates, declined from 
5 098 in 2014/15 to 4 702 in 2015/16. This is the first time 
that this has happened in the last decade. 

Against this background it is not surprising that the 
international benchmarking of South Africa’s research 
capacity makes for depressing reading. On all the key 
indicators, South Africa occupied a position between 

62 and 69 in the world in 2015. The Comparator countries 
have, on average, twice as many researchers per thousand 
of the population (FTE) and three times the number of 
researchers per million of inhabitants than South Africa. 
In fact, on the last two indicators South Africa’s profile 
is much more similar to the average country in Africa. 
The comparison with the Lead countries is even more 
indicative of the dire position of the country: the average 
Lead country has 15 times more researchers per million of 
the population than South Africa.

The more positive picture that emerges around doctoral 
production requires further elaboration. Actual number 
of doctoral graduates increased from 972 in 2000 to 
reach 2 794 in 2016. This means that the average number 
of doctorates per million of the population increased 
commensurately from 21 in 2000 to 49 in 2015. It is 
most likely that this increase was driven both by national 
strategies and interventions (such as the PhD as Driver-
strategy of the NRF), as well as the changes in the 
DHET funding framework for research at South African 
universities. As to the latter, the framework was changed 
in 2005 to include research masters and doctoral students 
in the subsidy framework. Universities now receive 
significant amounts of subsidy for the production of research 
graduates. It is clear from the increase in the numbers 
since 2008/9 that the incentive scheme has been extremely 
effective. However, when compared with other countries 
in the world, the improvement in the ratio of doctoral 
students to million of the population (46 in 2015) does not 
compare favourably with the Lead countries (or even the 
majority of the Comparator countries). The Lead countries 
such as Slovenia, Switzerland and the United Kingdom 
had more than 400 PhDs per million of the population in 
2015. Most of the Scandinavian countries and Austria had 
more than 300 PhDs per million of the population. The top 
Comparator countries – Portugal (227), Greece (148) and 
Malaysia (132) – recorded ratios, three to four times higher, 
than South Africa. Even when compared to other African 
countries, South Africa lags third behind Tunisia (118) and 
Egypt (73). It is clear that despite the substantial increase 
in doctoral production, South Africa still has a long way to 
achieve some level of parity with the top countries in the 
world (and on the African continent).

International and historical 
benchmarking: Research performance
South Africa’s research production compares favourably 
with our Comparator countries. This applies to most 
aspects of research performance: increased research 
output, increased world share, improved world rank 
(28 in 2016), acceptable levels of international research 
collaboration (54% in 2016) and citation impact (1.1 in 
2016). Overall, South Africa’s research performance is 
excellent given the relatively low levels of investment in 
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research and the country’s small researcher capacity. South 
Africa punches above its weight in this area.

Research output, world share and 
world rank
South Africa’s output of articles and review articles in the 
WoS increased from 3 668 publications in 2000 to 15 550 
in 2016. This increase represents an average annual growth 
rate of 2.9%. It also shows that South Africa’s share of 
world output more than doubled from 0.4% in 2000 to 
0.91% in 2016. As far as country rank is concerned, South 
Africa has improved its ranking in the world: from position 
number 34 in 2000 to 28 in 2016. 

In comparison with the Comparator countries, South Africa’s 
world share in 2015 of 0.88% compares well with the average 
of 1.0%. In terms of world rank, four of the Comparator 
countries are ranked higher than South Africa in 2015: Turkey 
(17), Poland (19), Portugal (25) and Mexico (27). The rank 
of most of the Comparator countries changed very little 
over the past 16 years. The exception is Malaysia whose rank 
improved dramatically from position 51 in 2001 to 34 in 2015.

As far as Africa is concerned, publication output by 
country shows the continued dominance of South Africa 
(28.2% share of all African papers), followed by strong 
contributions from Egypt (19.6%), Tunisia (9.2%) and other 
Maghreb countries (Algeria and Morocco), together with 
smaller but significant contributions from Nigeria and 
the three Eastern African countries (Kenya, Uganda and 
Tanzania). The data also show how skewed the distribution 
of publication production on the African continent is. 
The combined publication output of the northern African 
countries and South Africa constitutes more than two 
thirds (69.2%) of the entire continent’s publications. 
The longitudinal trends show that South Africa, Egypt 
and Tunisia (and to a lesser extent Kenya) increased 
their relative world shares over the past 15 years quite 
substantially. For the remainder of countries, the world 
shares increased minimally. 

All five BRICS countries improved their relative share of 
world scientific publications between 2001 and 2016. As 
has been found in many other studies, China has seen 
tremendous growth in its world share, dwarfing the 
progress of other countries. Its world share increased 
fourfold from 4.2% in 2000 to 17.5% in 2015. Russia is the 
only one of the five BRICS countries that saw a decline in 
world share (from 3.05% to 2.3%).

Relative field strength
There are differences between the research activities 
across fields of a single country (or other entities such as 
a university) and the world, as a whole. An indicator that 
is often used to describe this difference is the activity index 
or, as we prefer to call it, the relative field strength (RFS) 

index. The results show that South Africa has one of the 
more ‘well-rounded science’ systems of all the Comparator 
countries with relatively higher activities in all fields except 
for engineering and (to a lesser extent) health sciences. 
Chile’s profile is very similar to that of South Africa. In 
most of the Comparator countries the ‘weakest’ field is 
the humanities whilst agricultural sciences recorded above 
average RFS-values.

The comparison on the RFS with selected African 
countries shows – not surprisingly – that all countries are 
relatively active in agricultural and the health sciences. 
The two northern African countries (Egypt and Tunisia) 
are also relatively strong in engineering and physical 
sciences. With the exception of South Africa, none of the 
other African countries recorded relative high activities in 
the humanities. Four countries (Botswana, South Africa, 
Uganda and Tanzania) recorded some strengths in the 
social sciences. In Uganda and Tanzania this would relate 
to the existence of some strong research institutes at 
Makerere University and the University of Dar es Salaam. 
The RFS-profiles of Ethiopia and Senegal can be described 
as one-dimensional with very little significant strengths 
outside of the agricultural sciences (although there is some 
activity in health sciences).

A comparison across the BRICS countries confirms that 
South Africa has a reasonably ‘well-rounded’ science 
system with agricultural sciences, social sciences and 
the humanities the strongest fields especially over the 
most recent period. All other countries have little to no 
activity in the humanities, at least at a globally accessible 
scale. China and Russia place a high priority on the natural 
sciences and engineering and applied sciences. India 
shows this to a lesser degree, placing more emphasis on 
agricultural sciences. Brazil is very strong in agricultural 
sciences and average in health and natural sciences.

Research collaboration
South African scientists and scholars are increasingly 
collaborating with the rest of the world and specifically 
with countries outside Africa. Overall international 
collaboration has increased from 34% in 2000 to 52% in 
2016. Concomitant with this increase, we have seen a 
decline in national collaboration as well as single-authored 
articles. The average proportion of multi-country authored 
papers for the Comparator countries increased slightly 
from 40% in 2001 to 46% in 2015. But these averages 
mask some significant country differences. For example, 
Turkey consistently recorded the lowest proportions 
over this period: from 19% in 2001 to 21% in 2015 (most 
likely a function of the effect of language on international 
collaboration). The highest proportions of internationally 
co-authored papers were recorded for Chile (from 51% in 
2001 to 63% in 2015) and Portugal (from 51% in 2001 to 
57% in 2015). Poland’s share of internationally collaborative 
papers actually declined from 39% to 34% over this period. 
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South Africa’s share of internationally collaborative papers 
increased significantly from 34% in 2001 to 52% in 2015.

The comparison with the select African countries shows 
that most of the African countries produce publications 
with high proportions of foreign authors. The average 
proportion of internationally collaborative papers for 
the African countries is 74%. For the most part these 
proportions have been consistently high over the past 
15 years. The three countries that have shown the largest 
increases in international collaboration are Egypt (from 
27% in 2000 to 57% in 2015), South Africa (from 34% in 
2000 to 52% in 2015) and Botswana (from 32% in 2000 to 
77% in 2015). International collaboration patterns for the 
four BRIC countries have remained mostly unchanged over 
this period: India being the lowest at an average of 20% 
over this period, followed by China (23%), Brazil (29%) and 
Russia (34%).

Getting the balance right: International 
versus national collaboration
A focus on trends in international collaboration only does 
not produce a sufficient understanding of the underlying 
dynamics at work in different research systems. We also 
need to compare the proportion of international with the 
proportion of national (within country) collaborations. 
In strong research systems one would expect some 
collaboration intensity within a country as this would signal 
that there is a critical mass of relatively strong research 
institutions who find it worthwhile to collaborate with 
each other. This is certainly the case in many of the top 
performing countries in the world. In fact in the leading 
country in 2012 – the USA – equal proportions of its 
papers were internationally and nationally co-authored 
papers (just over 30%) (Elsevier 2013). Another 30% of 
publications were institutional (single institution-authored 
papers). In the UK, national collaboration is more prevalent 
than international collaboration. For the leading countries 
in Europe (UK, France and Germany) the modal value for 
international comparison was between 40% and 50%. The 
picture for most African countries (see graph below) is very 
different with most of the countries recording proportions 
of national collaboration below 30% and even 20%. 

COMPARISON OF PERCENTAGE NATIONAL COLLABORATION 
FOR SOUTH AFRICA AND SELECTED AFRICAN COUNTRIES (2015)

 

These results clearly demonstrate that one should not 
look at collaboration trends of a specific kind (for example 
international collaboration) in isolation from trends in other 
forms of collaboration. Huge proportions of internationally 
co-authored papers for a specific country (with concomitant 
low proportions of nationally or no collaborative papers), 
could well be a sign of a weak national science system.

Citation impact
The citation impact of South African-authored papers, 
as measured by the mean normalised citation score 
(MNCS), has steadily increased from 0.8 in 2000 to 1.1 
in 2016. This means that the average citation impact of 
South African-authored papers in 2016 is slightly above the 
world average impact (for the fields in which we publish). 
We perform well in comparison with the Comparator 
countries (1.01 compared to 0.97). Again, the surprising 
result is the relatively high MNCS values for African 
countries (1.3). The most plausible explanation relates 
to the well-established correlation between citation 
impact and the intensity of international collaboration. 
Various bibliometric studies have shown that citation 
impact increases as international collaboration increases. 
We have plotted the relationship between international 
collaboration and citation impact for South Africa, the 
Comparator and African countries in the graph below.  

MNCS IN COMPARISON TO PERCENTAGE INTERNATIONAL 
COLLABORATION FOR COMPARATOR, SELECTED AFRICAN, 
AND BRICS COUNTRIES (2015)

Research transformation
The imperative for the South African science system to 
transform and become more inclusive is well-documented in 
various national policy documents since 1996. In Part Two of 
the report, we used three measures of the extent that the 
science system has transformed. These measures are based 
on SAK and hence refer to publications by South African 
academics between 2005 and 2016 only. The results of our 
analysis revealed three generally positive trends:

• Although a small increase, the proportion of female-
authored papers increased from 31% in 2005 to 34% 
in 2016,
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• The proportion of black-authored papers increased 
more substantially from 16% in 2005 to 31% in 2016, and

• The proportion of papers authored by scientists and 
academics under the age of 40, decreased slightly from 
27% in 2005 to 25% in 2016.

It is worth pointing out that there are large differences 
in these proportions between scientific fields which are 
discussed in detail in Part Three of the book.

CREST has since the late 1990s been collecting statistics 
on three key demographics of the academic research 
capacity in the country – more specifically of the actively 
publishing academics at South African universities. A 
comparison of trends over time shows how the active 
publishing base has become more inclusive (gender and 
especially race)

However, the proportion of authors over the age of 60 has 
increased significantly from 12% in 2005 to 20% in 2016. 
Conversely as mentioned above, the proportion of authors 
under the age of 40 has declined slightly from 27% in 2005 
to 25% in 2016.

2005 2010 2016

Percentage of scientific papers published 
by female authors

31% 33% 34%

Percentage of scientific papers published 
by black authors

16% 24% 31%

Percentage of scientific papers published 
by authors over the age of 60

12% 15% 20%

Data source: SA Knowledgebase

Comparative scientific 
field assessment
Part Three of the report is devoted to an assessment 
of the strengths and weaknesses of scientific fields. The 
focus on scientific fields is important for at least two 
reasons. Firstly, scientific fields or sub-fields (disciplines) 
are the typical ways in which the scientific community 
organises its cognitive effort. Scientific research is a highly 
differentiated enterprise, and the history of modern 
science reflects the increasing specialisation of sub-fields 
and disciplines over time. Scientific fields differ from each 
other in epistemology (conceptions of what constitutes 
truthful knowledge), methodology (approaches to analysing 
and understanding the specific object of inquiry), and 
sociology (how the scientific community is organised 
and the values it adheres to). Secondly, scientific fields 
form the institutional fabric of higher education systems. 
Universities are typically organised around faculties, 
school and departments that correspond to disciplinary 
boundaries which are viewed as internally homogenous in 
theory and method. 

We have followed standard bibliometric practice and 
distinguished between six main fields at the highest 
level: agricultural sciences, engineering, health sciences, 
humanities, natural sciences and social sciences. 
We analysed each field in terms of four dimensions: 
the NRF funding, the academic staff capacity, the academic 
pipeline (more specifically the production of doctoral 
graduates) and finally, the research performance of 
the field. In order to take some of the differences in 
size between the fields into account, we have followed 
a two-pronged approach: our main analysis was first 
performed at the level of the six main fields. This was then 
complemented with further analyses at the sub-field level 
for the larger sub-fields. To illustrate this point: given the 
size of the ‘natural sciences’, we complemented our analysis 
at the main scientific field level with bibliometric analyses 
of selected sub-fields or disciplines (in the case of the 
natural sciences, these would include biological sciences, 
chemical sciences, geological sciences, and physical sciences).

NRF funding
Between 2002 and 2015, the average rate of growth of 
NRF funding (in terms of total value of individual grants)  
across all fields was 10.5%. The graph below shows that it 
was especially the social sciences and health sciences that 
were the primary beneficiaries of these increases. At the 
other end, grant holders in the engineering sciences had a 
relatively low average growth rate of 2.4%. One obvious 
explanation for the latter is the decline, and eventual 
retraction, of funding under the Technology and Human 
Resources for Industry Programme (THRIP) which had 
previously funded a large number of grants from the 
engineering sciences.

RATE OF GROWTH IN TOTAL VALUE OF INDIVIDUAL GRANTS

 
An analysis of trends in the average grant values (inflation-
adjusted) over the period shows that, between 2002 and 
2015, the average grant value decreased for the agricultural 
sciences and humanities and in the case of engineering, we 
observe a substantial decline. The only significant increases 
were observed for the social sciences.
 
Between 2002 and 2015, the total number of (unique) grant 
holders increased from 1 023 in 2002 to 4 199 in 2015. 

Agri sciences Engineering Health 
sciences

Social 
sciences

Natural 
sciences

Humanities

7.4%

2.4%

18.0%

22.3%

10.7% 11.2%All fields 
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The proportion of black grant holders also increased 
substantially albeit from a very low base of 13% in 2002 
to 31% in 2015. This is a general increase across all 
subfields with particularly steep increases recorded for the 
agricultural sciences and engineering sciences. 

CHANGE IN PROPORTIONS OF BLACK GRANT HOLDERS

Main field 2002 2015

Agricultural sciences 9% 37%

Engineering 11% 35%

Health sciences 17% 33%

Natural sciences 14% 30%

Social sciences 16% 29%

Humanities 9% 21%

Research capacity: Academic staff
The academic (instructional and research) capacity at 
South African universities has increased by a mere 1.3% on 
average per year between 2000 and 2015. The disaggregation 
by scientific field shows that agricultural sciences recorded 
a significantly higher rate of increase than the average. 
The humanities recorded a negative growth of -0.7%.

RATE OF GROWTH IN NUMBER OF PERMANENT 
INSTRUCTIONAL STAFF

Over the same period, larger numbers of academics have 
managed to improve their qualifications. The overall rate of 
growth in staff with PhDs over the same period increased 
by 3.3%. The two ‘outliers’ are agricultural sciences (with 
a compound annual growth rate [CAGR] of 7.2%) and the 
humanities with a below average growth rate of 1.5%.

GROWTH IN RATE OF STAFF WITH A PHD

This represents an average annual growth rate of 11.5% for 
all fields. The graph below shows that the highest growth 
rates were recorded for the social science and health 
sciences respectively. The rate of growth in the number 
of grant holders in agricultural sciences, engineering and 
natural sciences increased but at much lower rates than 
the average across all fields.

GROWTH RATE IN NUMBER OF GRANT HOLDERS

NRF funding of South African academics over the 
period 2002 to 2015 has become much more inclusive. 
The proportion of female grant holders increased from 
20% to 36% over this period. This trend is evident across 
the majority of subfields with steep increases recorded 
for the social sciences, natural sciences and engineering. 
The smallest increase was recorded for the humanities 
(from 30% to 34%).

CHANGE IN PROPORTIONS OF FEMALE GRANT HOLDERS

Main field 2002 2015

Health sciences 33% 51%

Social sciences 35% 46%

Humanities 30% 34%

Agricultural sciences 22% 33%

Natural sciences 14% 30%

Engineering 11% 24%

Agricultural sciences

All fields

Engineering

Health sciences

Social sciences

Natural sciences

Humanities

AVERAGE GRANT VALUES IN THOUSANDS FOR 2002 
COMPARED WITH 2015
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1.8%
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9.0% 9.1%

16.9% 17.2%

9.9%

12.0%

Agri sciences Engineering Health 
sciences

Social 
sciences

Natural
sciences

Humanities

7.2%

3.9%
4.5%
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It is important, though, to read the increases in annual 
growth rates together with the actual proportion of 
staff in each field with PhDs. The fields with the highest 
proportions of doctorate staff in 2015 are agricultural 
sciences and the natural sciences. Two of the more 
professional fields – engineering and health sciences – 
have the lowest proportions of staff with PhDs.

PROPORTION OF STAFF WITH A PHD

We are interested in the trends in academic capacity 
for a number of reasons. Given the critical role that the 
university sector performs in the national STI system, it is in 
everyone’s interest that our academic staff capacity needs to 
grow at reasonable rates. Since 2000, the CAGR of doctoral 
enrolments of 7.7% has been substantially higher than that 
of academics. This means that instructional staff now has to 
teach and supervise much larger number of students than 
20 years ago. Given our focus on the research enterprise, 
we are particularly interested in the impact of these 
differential growth rates on the supervisory and knowledge 
productive capacity in the country. In 2015, we graduated 
2 524 PhDs. The distribution by main field (figure below) 
shows that nearly 60% are from the social and natural 
sciences with much smaller proportions from engineering 
and agricultural sciences. 

DISTRIBUTION OF PHD GRADUATES BY MAIN FIELD IN 2015

The academic pipeline: 
Doctoral enrolments
The ‘proximate’ pipeline for scientists, viz. doctoral 
students, has expanded at a high average annual growth 
rate of 7.7% across all fields of science. In absolute numbers 

this represents an increase from 6 446 in 2000 to 19 557 
in 2015. All fields, except for the humanities, recorded high 
growth rates.

RATE OF GROWTH IN NUMBER OF DOCTORAL ENROLMENTS

Not only has the enrolment pipeline expanded, it has also 
transformed significantly. The average proportion of female 
enrolments increased over this period to 44%. The most 
dramatic increase has occurred within the health sciences 
where the proportion of female enrolments reached 61% 
in 2015. Female enrolments in traditionally male dominated 
fields have also increased substantially: in agricultural 
sciences from 25% to 43% and in engineering from 11% in 
2000 to 21% in 2015.

The transformation of the enrolment pipeline in terms of 
race is even more dramatic. The average proportion of 
black enrolments increased from 32% in 2000 to 55% in 
2015. Again, this shift is evident across all science fields and 
most dramatically in the case of fields such as engineering 
(+28%), agricultural sciences (+22% difference) and the 
social sciences (+24%).

The academic pipeline: 
Doctoral graduates
The number of doctoral graduates in South Africa increased 
from 972 in 2000 to 2 524 in 2015. This translates into a 
compound average annual growth rate of 6.6% across all 
fields. The highest rate of increase was recorded in the 
agricultural sciences (although from a small base). Again, it 
is worth noting that the humanities recorded the smallest 
increase in growth rate of doctoral graduates.

RATE OF GROWTH IN NUMBER OF PHD GRADUATES

 

The doctoral graduate pipeline has expanded and 
transformed over the past 16 years. The average 
proportion of female graduates increased slightly over 

55%
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this period from 41% to 44%. The table below shows the 
most dramatic increase has occurred within the agricultural 
sciences where the proportion of female graduates 
increased from 19% in 2000 to 49% in 2015. Some of the 
fields with above average representation of female authors 
in 2005, such as the health sciences and natural sciences, 
did not record any increase.

CHANGE IN PROPORTIONS OF FEMALE GRADUATES

2000 2015

Health sciences 62% 59%

Agricultural sciences 19% 49%

Social sciences 46% 47%

Natural sciences 44% 42%

Humanities 30% 39%

Engineering 18% 21%

The largest change in the doctoral graduate pipeline 
has occurred as far as race is concerned. The average 
proportion of black graduates nearly doubled from 25% in 
2000 to 47% in 2015. Again, this shift is evident across all 
science fields and most clearly in the case of fields such as 
the agricultural sciences (+37% difference).

CHANGE IN PROPORTIONS OF BLACK GRADUATES

2000 2015

Social sciences 32% 55%

Health sciences 25% 48%

Natural sciences 18% 47%

Agricultural sciences 8% 45%

Humanities 25% 39%

Engineering 5% 27%

As was observed with regard to doctoral enrolments, 
we witness a commensurate shift towards greater 
internationalisation of doctoral graduates. The proportions 
of South African students in all fields have declined on 
average from 81% to 60%. This is mainly due to increased 
graduations by students from the rest of Africa. 

CHANGE IN PROPORTION OF SOUTH AFRICAN DOCTORAL 
GRADUATES (2000 AND 2015)

 

Research performance: Research output
The average growth rate in number of scientific 
publications across all scientific fields for the period 2000 
to 2016 was 9.4%. The disaggregation by scientific field 
shows that all fields recorded positive growth rates with 
the social science and humanities performing best overall.

RATE OF GROWTH IN NUMBER OF RESEARCH OUTPUT

The positive and healthy growth rates in numbers of 
publications are mirrored in South Africa’s position on the 
world rank for the individual fields. South Africa improved 
its world rank from position 35 in 2000 to position 28 in 
2016. With the exception of engineering, where its world 
rank dropped from 35 to 38, all other fields improved their 
rank position.

ALL FIELDS SHOWED AN INCREASE IN RANK OF WORLD 
SHARE BETWEEN 2000 AND 2016 EXCEPT ENGINEERING

 

Given these results, it is not surprising that South Africa’s 
world share over this time-period increased from 0.44% 
to 0.92%. The increases by field are presented in the table 
on the opposite page. The substantial increases in world 
share in the social science and humanities are noteworthy 
and are due to at least two factors: first, the inclusion of 
more South African journals in these fields in the WoS; and 
second, an increased publication density of South African 
scholars in a number of social sciences fields (psychology, 
public management) as well as humanities fields (religion 
and law).
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Humanities 75%

Agri sciences 62%
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Health sciences 79%
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INCREASES IN WORLD SHARE

Main field 2005 2016

Social sciences 0.55% 1.46%

Humanities 0.31% 1.40%

Agricultural sciences 0.91% 1.29%

Natural sciences 0.48% 0.88%

Health sciences 0.38% 0.76%

Engineering 0.39% 0.58%

Citation impact and research collaboration
The visibility and appreciation worldwide for South African 
science is partially captured by looking at the number of 
times research publications are referenced (‘cited’) in the 
publications of other researchers working in the same 
discipline or related fields. The number of citations is 
partially dependent on the research fields (some fields are 
‘fast’, others are ‘slow’) and need to be corrected for fair 
cross-field comparisons. This is what the ‘field-normalised 
citation impact’ score or MNCS does. As for the collective 
citation impact of all those publications together, South 
Africa’s field-normalised citation impact has gone up 
gradually from 0.66 in the four-year citation-window 1996 
to 1999, to an impact score of 1.03 for the period 2011 to 
2014 and to 1.13 in 2016. Keeping in mind that a score of 
1.00 on this performance indicator represents the world 
average citation impact (determined mainly by the USA and 
world’s leading nations), South Africa has moved up from a 
performance level ‘below par’ to ‘international level’ in less 
than two decades. 

MNCS SCORE INCREASED BETWEEN 2000 AND 2016 IN ALL 
FIELDS EXCEPT FOR THE HUMANITIES 

In our summary of the benchmarking of South 
Africa’s research performance above, we showed that 
South African scientists and scholars are increasingly 
collaborating with the rest of the world and specifically 
with countries outside Africa. Overall international 
collaboration has increased from 34% in 2000 to 55% in 
2016. Concomitant with this increase, we have seen a 
decline in national collaboration as well as single-authored 
articles. But collaboration patterns (read ‘co-authorship’ 
patterns) vary significantly by field. It is well-established 
that single-authored publications are more prevalent in 
the humanities, whereas multi-authorship is the norm in 

many of the natural sciences fields. The table below shows 
that, irrespective of the field, international collaboration 
has increased across all fields between 2000 and 2016. 
The high collaboration proportions for the natural and 
health sciences are functions of very large international 
projects in high-energy physics and astronomy and large 
clinical trials and other big studies under the auspices of 
the Global Health Network.

INCREASES IN INTERNATIONAL COLLABORATION

Main field 2000 2016

Natural sciences 39% 66%

Health sciences 39% 62%

Engineering 30% 56%

Agricultural sciences 25% 50%

Social sciences 30% 45%

Humanities 18% 27%

Research quality
Research ‘quality’ is an elusive notion and recognised to be 
a complex social construct that is not easily captured in 
any quantitative metric. The gold standard to assess quality 
in research remains peer review. In the absence of direct 
measures of quality assessment, we have selected a proxy 
as an indicator of the quality of South Africa’s research 
publications, viz. the proportion of papers published in the 
top two quartiles (Quartile 1 [Q1] and Quartile 2 [Q2]) 
in the Journal Citation Reports. Stated differently: we have 
listed for each year (by field) what percentage of papers 
were published in journals in the WoS that appear in either 
the top 25% (Q1) or top 50% (Q1 and Q2) of journals 
ranked in descending order by journal impact factor (JIF). 
The table below shows a general increase of papers in 
the higher quartiles by scientific field. In the Main Report, 
more information is provided at the level of sub-fields 
where larger differences are evident.

INCREASES IN PROPORTION OF PAPERS IN Q1 AND Q2 IN 
THE WOS

Main field 2000 2016

Natural sciences 57% 73%

Agricultural sciences 54% 72%

Engineering 53% 71%

Health sciences 59% 64%

Humanities 58% 56%

Social sciences 51% 56%

Research transformation
In the section on historical benchmarking we showed that 
the active publishing base in the country has transformed 
over the past twenty years with more female and black 
authors contributing to the knowledge base in the country. 
The results of our analyses by scientific fields shows that 
this is a ‘universal’ trend across all fields. However, field 

 2000

 2016

Natural sciences

Humanities

Agri sciences

All fields

Social sciences

Health sciences

Engineering
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differences remain – many of which are commensurate 
with international trends. For example, engineering 
sciences remain a male-dominated field (despite a small 
increase in female authors), whereas female authors are 
much better represented in the health and social sciences. 

CHANGE IN PROPORTIONS OF FEMALE AUTHORS

Main field 2005 2016

Health sciences 39% 45%

Social sciences 6% 39%

Humanities 33% 33%

Agricultural sciences 24% 28%

Natural sciences 22% 24%

Engineering 14% 21%

ALL fields 29% 33%

CHANGE IN PROPORTIONS OF BLACK AUTHORS

Main field 2005 2016

Health sciences 21% 31%

Social sciences 17% 32%

Engineering 16% 52%

Natural sciences 14% 36%

Humanities 12% 19%

Agricultural sciences 8% 24%

ALL fields 16% 34%

To put these proportions in context we need to compare 
these results with the overall distribution of all permanent 
staff at South African universities as disaggregated by 
gender and race. More specifically, if we assume that 
academic staff who are already in possession of a doctoral 
degree are the best reference group for our comparison, 
we find the following: in 2015 there were 2 695 female 
academic staff with PhDs which constituted 37% of all 
female staff. In the same year there were 2 042 black 
academic staff with PhDs which constituted 28% of 
all black academic staff. The results presented in the 
two tables above show that the proportion of actively 
publishing female staff (33%) is slightly lower than the 
national reference group (37%), whilst the proportion of 
actively publishing black staff (30%) is slightly higher than 
the national reference group (28%).

Strategic research assessment
In Part Four, we addressed the question: to what extent 
is South African research responsive to national (and 
international) societal priorities and goals? We ask 
whether the research enterprise produces knowledge that 
addresses international priorities (as encapsulated in the 
Sustainable Development Goals [SDGs]) and/or national 
priorities (as expressed in the National Development Plan 
[NDP], the Ten-Year Innovation Plan and other national 

policy documents). We selected six areas for the purpose 
of this analysis: agriculture and food security, climate and the 
environment, education, energy, health, and water. For each 
of these areas, we asked the following five questions:

1. Who are the main research performers in each area 
(the institutional landscape)?

2. What are the trends in investment in research 
in each area?

3. What is the extent of the human resource base 
in each area?

4. What is the knowledge expertise base in each area?

5. What are the main research priorities in each area?

The salient findings for each area are presented below. 

Agricultural and food security research
Institutional landscape

Facts and figures Salient findings 
and assessment

Agricultural and food security 
research is conducted at:

• Universities (which 
include three CoEs and 
20 research chairs);

• Government units, science 
councils  and national 
facilities (ARC, CSIR, SAIAB, 
SANPARKS);

• Industry-based organisations 
(e.g. SA Sugarcane Research 
Institute, Winetech and the 
Institute for Commercial 
Forestry Research); and a 

• Small number of private 
sector organisations (e.g. 
Montsanto, DuPont and 
Pannar seed).

The institutional landscape is 
well-articulated with research 
capacity located in the university 
sector, government research 
units, science councils, industry 
associations, and private 
research performers. There 
has been a noticeable shift 
towards knowledge produced 
within the university sector in 
recent decades. This is mainly 
because of the decrease in the 
parliamentary grant to the ARC 
as well as the shift of funding – 
through the NRF – to university 
CoEs and research chairs. Given 
the proliferation of research 
entities, the challenge shifts to 
achieving greater cooperation 
between them and increased 
sharing of expertise. 

Investment in R&D

South Africa’s total public agricultural research spending 
has almost doubled since the early 1970s, in inflation-
adjusted prices, from an estimated R1.3 billion in 1971 to 
R1.9 billion in 2014 (both in 2011 prices). Findings from the 
South African R&D surveys are commensurate with these 
results. They also show that there has been an upswing 
in expenditure from around 2010 onwards – mostly due 
to increases in expenditure by the Agricultural Research 
Council (ARC) and the universities.

Human resources

The number of FTE researchers in the broad field of 
agriculture has not increased substantially between the 
early 1980s and 2014. Between 1981 and 1996, the sector 
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witnessed a steady increase in the number of FTE 
researchers in agricultural research. Following 1994 and 
the major restructuring of the ARC, a period of declining 
numbers of FTE researchers was augured in. It is only in 
recent years that this situation has been turned around and 
had stabilised at around 800 FTE researchers by 2014. In 
general terms the number of FTE researchers has basically 
remained unchanged over the past two decades. 
On the positive side, we have seen an expansion of the 
academic pipeline. Master’s graduates increased from 
142 in 2000 to 451 in 2016, whilst doctoral graduates 
increased from 21 in 2000 to 116 in 2016. A comparison 
between the profiles of masters and doctoral graduates 
reveals interesting differences. The biggest proportions 
of master’s graduates (40%) are in fields that could be 
labelled as ‘applied’. This is followed by graduates in the 
more ‘substantive research fields’ of animal sciences, plant 
sciences, and food science and technology. Included under 
the first category of agricultural business and management 
are two big sub-fields: agricultural economics, and 
agricultural business and management. Compared to the 
profile for master’s students, we see that the profile for 
doctoral students is quite different with more research 
specialisations in plant sciences, animal sciences, and food 
science and technology. Fields that are underrepresented 
are soil sciences, applied horticulture, and forestry and 
wood sciences.

Knowledge expertise

An analysis of the number of scientific papers in the 
WoS for this field shows how the expertise in this field 
is concentrated in five subfields: plant sciences (35%), 
veterinary sciences (14%), food sciences and technology 
(13%), agronomy (9%), and forestry (5%). Having said this, 
it is important to keep in mind that there is a fair amount 

of overlap between the subfields (e.g. the subfields of 
agronomy and soil sciences are related). 

We also presented the results of our analysis of doctoral 
dissertations in agricultural sciences submitted at 
South African universities between 2000 and 2016. 
Doctoral theses often reflect – more so than journal 
articles – the current and emerging scientific specialisations 
of the supervisor as well as the doctoral candidate. And 
many of these doctoral graduates move on to academia, 
government or industry where they transfer and apply 
their knowledge gained through the doctoral studies. 
A total of 1 570 dissertations were identified through our 
search while we observed a steady increase over time 
with on average more than 200 theses produced annually 
since 2013.

Research agenda

The ‘research agenda’ for agricultural and food security 
includes traditional priorities for further research in animal 
breeding, crop production, irrigation and water resource 
management, and pest and disease management, as well as 
new priorities that are often located at the intersection of 
inter-disciplinary spaces. The latter include the impact of 
climate change on agriculture, the intersection between 
the challenges of land reform and land use in South 
Africa, and their impact on agricultural production and 
food security. At a ‘meta-level’, priorities refer to the 
need for better data and information systems (e.g. food 
security information system); impact assessment studies 
of interventions to reduce hunger, malnutrition and 
poverty; as well as institutions and mechanisms to support 
innovation in this area.

SPEND ON AGRICULTURAL SCIENCES IN SOUTH AFRICA 
BY SECTOR (2006-2017)

THEMATIC CLUSTERS GENERATED BY THE OMNIVIZ 
ANALYSIS FOR AGRICULTURAL RESEARCH (2006-2015)
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Climate and environmental research
Institutional landscape

Facts and figures Salient findings 
and assessment

Climate and environmental 
research is conducted at:

• Universities (which 
include five CoEs and 
38 research chairs);

• Government units, science 
councils  and national facilities 
(ARC, CSIR [ACCESS], 
SANBI, SAIAB, SANPARKS, 
AEON, SAEON, SANSA, 
SOCCO, SANAP);

• Industry-based organisations, 
particularly conservation 
institutions (e.g. SA 
Sugarcane Research Institute, 
Oceanographic Research 
Institute, Endangered Wildlife 
Trust, Ezemvelo KZN 
Wildlife, etc.); and

• Small number of private 
sector organisations 
(e.g. Lancet laboratories, 
Sasol, Sappi Forests, SGS 
South Africa, etc.).

The ‘field’ of climate and 
environment research is one 
of the most diverse research 
areas. At the same time, the 
institutional landscape in this 
research area is well-articulated 
given the biodiversity and 
geographic advantage of 
South Africa. Research in 
climate in the environment 
is undertaken at various 
university departments, CoEs 
and research chairs, at science 
councils and national facilities 
as well as government-based 
departments and centres. 
Since the introduction of the 
SARChI initiative and the 
CoE programme the sector 
has benefitted hugely from 
NRF funding.

Investment in R&D

R&D funding for the environmental sciences is dominated 
by the science council and higher education sectors. Overall, 
funding for environmental sciences R&D has been erratic. 
Spending increased after 2010 but decreased significantly 
after 2014. After 2016, spending almost tripled. The R&D 
funding for the environment (by socio-economic objectives) 
also increased significantly over the past decade. This has 
resulted in a larger proportion of spending (from 4.3% 
to 5.6%) on environment (when compared with all other 
socio-economic objectives). We observe a steep increase 
in environment/environment-related spend from R1.22 
billion in 2011/2012 to R2.45 billion in 2016/2017. The bulk 
of this funding has come from increased science council 
sector expenditure before 2014 and aided by consistent 
increased higher education sector spending after 2012/2013. 
Funding from business and the not-for-profit sectors pales in 
comparison. Public spending on environmental research has 
increased steadily after 2010 – initially because of increased 
spend at the science councils, but more significantly because 
of the steady and sustained increase in funding in the higher 
education sector. The latter is clearly illustrated by the 
increase in NRF-support for the universities in this field. 

Human resources

An analysis of the HEMIS data on the number of 
permanent instructional personnel at South African 
universities showed that there has been a slight increase 

in the research capacity at universities between 2010 and 
2015. In 2015, we estimate that there were approximately 
440 FTE staff in climate and environment related fields, 
while additional research capacity is based at South African 
Environmental Observation Network (SAEON), South 
African Space Agency (SANSA), South African Institute 
for Aquatic Biodiversity (SAIAB), South African National 
Antartic Programme (SANAP) and the Department of 
Environmental Affairs (DEA).  

There has been a significant increase in the number 
of masters and doctoral graduates in climate and 
environmental sciences since 2010 where the total number 
almost doubled from 211 in 2010 to 392 in 2016. This 
increase is particularly evident in the case of doctoral 
graduates whose numbers increased from 37 in 2010 to 82 
in 2016. The biggest proportions of masters (50% in total) 
and PhD graduates (58% in total) are in the environmental 
science and environmental management fields. Ecology, 
evolution, systematics and population biology are other 
significant categories accounting for 17% of PhD and 26% 
of master’s graduates. The majority of master’s graduates 
are in conservation biology (39%) and marine biology 
and biological oceanography (29%). These results are not 
surprising given South Africa’s commitment to promoting 
skills to address climate change. 

Knowledge expertise

The knowledge expertise in climate and environmental 
research, as reflected in our analysis of scientific 
publications, continues to be located in the traditionally 
strong knowledge areas of ecology and environmental 
sciences. The expertise in this field is concentrated in four 
subfields: ecology (28%), geology (19%), water resources 
(14%), and biodiversity (8%). The results of our analysis 
of doctoral dissertations in climate and environmental 
sciences submitted at South African universities show that 

R&D FUNDING FOR THE ENVIRONMENT BY SECTOR 
(R’000) (2006-2017)
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a total of 1 936 dissertations were produced since 2000. 
We found a steady increase over time, exceeding more 
than 200 theses produced annually since 2014.

Research agenda

The ‘research agenda’ for climate and environmental 
research includes traditional priorities for further 
research on ecosystems, oceanography, invasive species, 
conservations and the like. What is noteworthy is the 
inclusion of ‘new’ priorities that are related to the grand 
challenges identified in the Ten-Year Innovation Plan of 
2008 on global (climate) change, energy security and 
the bio-economy. Many of the priorities identified in 
national and sector-specific policies and strategies refer 
to inter-disciplinary research on the interface between, 
for example, health and climate change, the impact of 
manufacturing on the environment, the need for better 
predictive models and forecasting techniques about climate 
change and our response to disasters. Many of the policy 
documents (as clearly illustrated in the Marine and Antartic 
Research Strategy [MARS]) therefore emphasise the 
increasing need for more co-ordination of the very diverse 
research strands under this strategic research area.

Educational Research
Institutional landscape

Facts and figures Salient findings 
and assessment

Educational research is 
conducted at:

• Universities (which 
house 20 research chairs 
and 15 research units 
and centres);

• Government units, 
parastatals and science 
councils (HSRC, MRC, 
DST, CSIR, NEEDU); and 

• A small number of educational 
NGOs (JET, CEPD, CDE, 
EE, CHET).

Educational research in 
South Africa has traditionally 
been located at three main 
sites: research conducted in 
university-based research units 
and academic departments 
(across many faculties); a small 
number of educational NGOs; 
and science councils, primarily 
divisions of the HSRC dedicated 
to such research. The South 
African educational research 
community also includes 
monitoring and evaluation 
consultancies; practitioners 
at schools and in the business 
community; and education 
departments, nationally and 
in the provinces. However, 
university academics and 
researchers dominate scientific 
publications in the field. One of 
the reasons for the dominance 
of the university sector is to 
be found in the establishment 
of a large number of SARChI 
Chairs in education over the 
past decade.

Investment in R&D

Expenditure on R&D for education and training between 
2006/2007 and 2012/2013 stagnated but has since 
increased markedly. Expenditure on R&D for education 
and training increased substantially from R418 million in 

NUMBER OF PAPERS IN EARTH SCIENCES IN WOS  
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2006/2007 to R1.6 billion in 2015/2016. The majority of 
this funding is conducted in the higher education sector. 
Expenditure on science and technology activities by the 
national education departments between 2012 and 2018 
also exhibit a steady increase. Despite these increases, 
South Africa’s higher education R&D intensity of 0.18% of 
GDP in 2008 was well below half of the OECD intensity. 
This has since increased to 0.27% in 2017 but remains 
lower than the higher education sector’s R&D intensity 
as a percentage of GDP for the OECD countries in 
total (0.41%).

Human resources

We have seen a steady increase in the number of academic 
staff in the field of education at South African universities: 
from around 800 in 2000 to 1 700 in 2016. Based on the 
assumption that staff devote approximately 20% of their 
time to research, the number of FTE researchers in the 
higher education sector in 2016 would be around 340. 
Investigating the various websites and annual reports 
of the Human Sciences Research Council’s (HSRC) 
Education and Skills Development (ESD), the National 
Education Evaluation and Development Unit (NEEDU), 
Equal Education (EE) and Centre for Development and 
Enterprise (CDE), we arrived at a rough estimate of the 
number of headcount researchers at these institutions of 
155 in total. We acknowledge that other personnel could 
also be involved with research. 

Between 2000 and 2016, the total number of PhD and 
master’s graduates in the field of education increased 
from 669 to 917. The increasing proportion of doctoral 
graduates from 2010 onwards is significant. In 2015, there 
were 302 PhD graduates compared with 605 master’s 
graduates. Given that large proportions of these graduates 
are typically teachers, principals and other professional 
groupings in the education sector who pursue post-
graduate studies for the purpose of promotion and career 
advancement, we would suggest that relatively small 
proportions of these graduates would eventually find 
employment in academic or research-related positions in 
the sector.

Knowledge expertise

The vast majority of journal articles in education are 
published in local South African journals. The number 
of educational papers in the WoS for the period 2005 
to 2016 sums to 2 734 unique articles. For the same 
period, the number of papers captured in SAK sums to 
6 028. Disaggregation by year shows that the number of 
publications in local journals is more than double that when 
compared to output in the WoS only. The majority of 
papers (80%) appeared in 37 journals while seven journals 
accounted for nearly half of all the articles published in 
education. The knowledge expertise based in the field of 
educational research is predominantly found within the 
university sector. Although research publication output 

in educational research is, to some extent, dominated by 
the ‘big five’ (UNISA, UKZN, UCT, UP and SU), which 
together account for 55% of all papers, it is still interesting 
that most of the other universities contribute substantial 
shares of output in the country.

In our analysis of doctoral dissertations in educational 
research submitted at South African universities between 
2000 and 2016, we found a total of 2 871 dissertations with 
a steady increase over time, with on average of more than 
200 theses produced annually since 2012.

Research agenda

The research agenda and associated priorities in this area 
mirror the major priorities and challenges of the sector. 
Given South Africa’s very poor performance in learner 
performance, continued challenges around the quality of 
teacher education, the dysfunctionality of many schools and 
continued problems around resourcing of especially rural 
schools, it is not surprising that the priorities identified in 
the final section would reflect these. But the challenges 
are not only confined to the school system. The recently 
published plan on post-secondary education identifies 
no less than 90 priorities – many of which would require 
more research on funding of the tertiary sector, how to 
rebuild the Technical and Vocational Education and Training 
(TVET) sector and ensure that it contributes significantly 
to vocational and technical skills development and related 
areas. The strategic place of education – and hence of 
educational research – in the South African system, cannot 
be overstated. We would argue that current investments 
in educational research should in fact be increased 
substantially and that the DHET and NRF should earmark 
more funding for research across the whole spectrum of 
educational research.

SOUTH AFRICA’S EDUCATIONAL RESEARCH PAPERS 
DISAGGREGATED BY UNIVERSITY (2005-2016)
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Energy research
Institutional landscape

Facts and figures Salient findings 
and assessment

Energy research is conducted at:

• Universities (which 
house eight CoEs and 
19 research chairs);

• Government units, science 
councils  and national facilities 
(CSIR, SAAO, iThemba 
LABS, Hartebeesthoek Radio 
Astronomy Observatory, 
SANEDI);

• Industry-based organisations, 
particularly conservation 
institutions (e.g. Eskom, 
SANEC, Sugar Milling 
Research Institute, etc.); and a

• Small number of private 
sector organisations (e.g. 
Sasol, EM Software and 
Systems, etc.).

The major research-performing 
institutions in the energy-
related areas are distributed 
across the university sector, 
government and parastatals 
and other research NGOs. 
Despite the efforts of the DST 
and NRF to support CoEs and, 
more specifically, to increase the 
number of research chairs in this 
field, the general consensus is 
that more funding is required for 
energy research.

Investment in R&D

The past decade has seen limited increased spending on 
R&D for Energy Supply from R348 million in 2006/7 to 
R731 million in 2016/2017. It is evident that the bulk of this 
spend occurred in the business sector and state-owned 
enterprises sector. The picture as far as R&D funding for 
Energy Resources is concerned is much more negative 
where expenditure on R&D has been erratic. The trend 
that emerges over the past decade is of a precipitous 
decline – mostly due to huge declines in R&D spending by 
the business sector and state-owned enterprises – that 
has recovered slightly in the last year reported. Over the 
entire 12-year period, since 2006, nominal expenditure on 
R&D in the sector has effectively remained static. Again the 
predominant source of funding came from business. The 
proportion of all non-business spending post 2009/10 has 
been minor in comparison. Our analysis of investment in 

energy research showed very clearly that this is a strategic 
research area which has been grossly under-funded. And this 
applies also to the current investments in renewables.

Human resources

Given the challenges associated with estimating the 
number of academics or researchers in energy-related 
fields we turned to the NRF funding in our approximation 
of human resources in energy. We observed a steady 
increase in the number of grant recipients in energy 
fields between 2002 and 2013 after which we saw a 
sharp increase towards 2015. The estimated number of 
researchers in the field (244) is undoubtedly an under-
estimation of the true capacity in the field as not all 
researchers at universities who conduct energy research 
submit applications for funding from the NRF. Our 
estimation also excluded energy researchers working 
within government departments and science councils. 

Knowledge expertise

South African authors produced 1 482 articles and reviews 
in the WoS subject category of ‘energy and fuels’ between 
2000 and 2016. South Africa’s world share in this field is 
relatively small (0.6% in 2016). Despite this relatively low 
world share, it is worth noting that South Africa’s world 
rank in the field improved from position 43 in 2000 to 35 
in 2016. We identified three main energy research-related 
clusters: the biggest category (552 articles) constituted 59% 
of all papers and include topics related to coal, fossil fuels, 
waste and electrical generation. The second category (255 
papers or 27%) includes all papers on solar and wind energy 
and the third category – biofuel – contained 127 papers 
which constituted 14% of the total publication output. 

Our analysis of the doctoral dissertations on the field 
produced a list of 285 theses. We observed a steady 
increase in the numbers, albeit from a small base, between 
2000 and 2011 followed by accelerated growth over the 
past five years. In recent years we have seen an increase in 
thesis titles related to renewable energy (bio/solar/wind) 
but the single most frequently researched area remains 
that of coal (coal mining/fossil fuels/coal power stations, 
and so on). Energy remains a small area of research 
activity, but recent increases in funding of energy research 
projects by the NRF and the increased outputs of doctoral 
theses could be indicative of an expansion of the human 
resources capacity in the country. 

Research agenda

The research agenda and priorities in the field of energy 
research have clearly shifted towards clean and green 
technologies. The focus in all the policy and strategy 
statements of the past 10 to 15 years is on research that 
will inform and drive renewable and green technologies. 
Given the prevailing challenges around energy security in 
the country, it is imperative that more public and private 
funding is invested in this strategic area.

ENERGY ARTICLES IN WOS (2000-2016)
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Health research
Institutional landscape

Facts and figures Salient findings 
and assessment

Health research is conducted at:

• Universities (which house 
63 research chairs and three 
CoEs) including three ‘mega-
research’ centres; and

• Government units, science 
councils and national facilities 
(SAMRC and its intra- and 
extramural research units 
and research centres, NRF 
iThemba LABS, National 
Health Laboratory Services).

The health research landscape 
in the country is densely 
populated given the central 
place of the SAMRC, a large 
number of CoEs and research 
chairs, as well as what we have 
termed ‘mega-institutes’. Much 
of the expansion in the number 
of centres and institutes has 
been driven by the burden of 
disease in the broad field of 
infectious and communicable 
diseases, and the huge amounts 
of funding that have been 
invested by overseas agencies. 
Despite these developments, 
we have also noted the critical 
comments from many studies 
and experts which highlight the 
fact that some areas of research 
remain underfunded, as well 
as the huge concentration of 
funding at certain universities 
or centres. An area of concern 
is that the number of academics 
and university-based scientists 
have declined over the past five 
to six years. At the same time, 
the number of PhD graduates 
has doubled. Without having 
any precise data, we surmise 
that many of the research 
centres (and especially the 
mega-centres) are able to 
sustain their research through 
appointing increasing numbers of 
postdoctoral fellows as well as 
doctoral graduates.

Investment in R&D

The most recent R&D survey report shows that the 
investment in health R&D has been increasing between 
2006/2007 and 2016/2017 while expenditure increased 
from R2.73 billion in 2006/2007 to R4.73 billion in 
2016/2017. The bulk of this funding has come from the 
higher education and business sectors. Government 
and science council expenditure is relatively low while 
expenditure by the higher education sector has increased 
rapidly since 2013/2014. This increase is most likely due 
to the increases in international funding for clinical trials 
and other health research in the country. In addition, the 
NRF has also increased its funding in this area through the 
establishment of numerous research chairs. 

A similar trend for R&D expenditure on medical and health 
sciences is observed. Over the past decade, expenditure 
increased from R2.49 billion in 2006/2007 to R6.87 billion 
in 2016/2017 where the bulk of this funding has come 
from higher education and the business sector, while 
government and science council expenditure is relatively 
low. Both the parliamentary grant to the South African 
Medical Research Council (SAMRC) as well as estimated 
funding for expenditure on science and technology (S&T) 
activities by the Department of Health (DoH) have shown 
measured increase. 

Human resources

Our analysis of the human resource base in the field of 
health research is confined to academic and research 
staff at universities since the R&D survey does not report 
on the number of health researchers in the country as a 
whole. The results of our analysis show a steady decline 
in headcount numbers of staff between 2010 and 2015. 
If one assumes that the average staff member devotes 
approximately 20% of their time to research, this would 
translate into approximately 500 FTE researchers in 
medical and health research in the sector by 2015. While 
we witnessed a decline in the numbers of academic staff, 
the numbers of masters and PhD graduates in the health 
sciences increased significantly where the number of 
doctoral graduates in particular more than doubled from 
197 in 2010 to 497 in 2016.

Knowledge expertise

For the health sciences, our thematic analysis produced 
four main clusters from more than 16 100 individual 
articles. Our analysis showed that there is huge focus in 
South Africa on research devoted to infectious diseases 
(70%+), with less effort devoted to general healthcare 
and human behavioural and mental health research. 
Our analysis of doctoral dissertations, however, suggest 
a more even spread of theses across these main areas 
of work. 

Research agenda

The research agenda and priorities that emerged from 
our analysis showed that priorities related to policy (e.g. 
the new national health insurance policy), systems and 
information systems are highlighted at the ‘meta-level’. 
More research on the healthcare system and how to 
improve healthcare remain high on the agenda, as does 
research on the social determinants of disease and the 
effects of interventions to address these.
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Water research
Institutional landscape

Facts and figures Salient findings 
and assessment

Water research is conducted at:
• Universities (which house 

eight research chairs);
• A number of water-research 

institutes at universities 
(Water Research Group, 
Future Water, Water institute 
[SU; and UP], Centre for 
Water Resources Research, 
Institute for Groundwater 
Studies, Institute for Water 
Studies); and

• Government units, science 
councils and national facilities 
(ARC, WRC, CGS, CSIR, 
MINTEK, etc.).

Given the strategic importance 
of water in all its dimensions 
for South Africa, our analysis of 
this area has produced a mixed 
picture. Our short history of 
water research shows that 
water surveys commenced 
in the 1950s and would 
only became sophisticated 
with later developments in 
computing and modelling. 
The establishment of the Water 
Research Commission in 1971 
was a watershed year for the 
sector. Not only is its funding 
model an example for other 
industries, it has over the year 
become the major funder of 
water research in the country. 
The NRF’s investment in more 
recent years is significant but 
the fact that there are only eight 
SARChI Chairs in this area is 
rather surprising.

Investment in R&D

Our analysis found a significant increase in funding spent 
on water R&D for the period 2000 to 2014. Despite 
this increase, investment in research is reportedly falling 
short of required levels. Minimum investment to achieve 
all aspects of the research, development and innovation 
masterplan (over a ten-year period) is estimated to be 
R8.4 billion, but in 2015, a mere average of R300 million 
was spent on water research, development and innovation 
– thus resulting in a large shortfall. Despite observed 
increases in expenditure over the past two decades, the 
level of funding for water research in 2014 (R240 million) 
amounted to a mere 0.0069% of GDP. There seems 
to be consensus in various documents, strategies and 
amongst experts in the field, that water research remains 
both underfunded and uncoordinated. Funding from the 
Department of Water and Sanitation (DWS) is erratic and 
Water Research Commission (WRC) funding for research, 
although substantial, is not sufficient to meet the objectives 
set out in national plans and strategies.

Human resources

The National Water and Sanitation Master Plan has 
emphasised the importance of recruiting experienced 
technical and managerial staff but indications are that 
at current levels the necessary expertise will not be 
forthcoming and locally produced expertise is dire. 
The total number of master’s graduates peaked in 2010, 

but thereafter fell precipitously to a low of 55 in 2014. 
The number of PhD graduates has remained consistently 
low. A particular concern is that the total number of 
graduates for the period under investigation is decreasing. 

Knowledge expertise

South Africa’s share of African water-related research 
declined from 84% in 1982 to 24% in 2016. South Africa’s 
world share of water research declined from almost 5% in 
1982 to less than 1% in 1990. Thereafter, the world share 
fluctuated between a high of 1.71% in 1999 and a low of 
1.11% in 2015. Between 2000 and 2016, the share of South 
Africa’s publications in the WoS declined from 1.8% in 
2000 to 1.4%. This occurred at the same time as a decline 
in our world rank (from 14 to 22) and citation impact 
(from 0.74 to 0.58).

Our thematic cluster analysis produced three mutually 
exclusive clusters under the heading of ‘water’ which 
include oceanography, geomorphology and waste 
management/processing. The results confirms South 
Africa’s strength in oceanography (with a world share of 
1.14% in 2016). In our analysis of doctoral dissertations in 
water research at South African universities between 2000 
and 2016, we identified a total of 489 dissertations with 
a steady increase over time with on average more than 
50 theses produced annually since 2014.

Research agenda

The results of our documentary and expert analysis 
regarding the research agenda and priorities in water 
research have produced a very long list of priorities in 
three main areas: access to water, water services and the 
preservation of ecological water resources. The sheer 
number and range of priorities identified is indicative of 
the need for more resources and funding in the sector. 
This is especially evident from the numerous calls for the 
establishment of new research centres and chairs as well as 
more sophisticated data and information systems.

SOUTH AFRICAN SHARE OF AFRICA AND WORLD WATER 
RESEARCH PUBLICATIONS (1980-2016) 
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Concluding assessment of the 
state of the South African 
research enterprise
The information and data presented in this report have 
highlighted some of the major strengths, achievements 
as well as weaknesses of the South African research 
enterprise. Our methodology allowed us to both track 
changes over time as well as compare South Africa’s 
performance with selected countries worldwide. South 
Africa has a long and rich tradition in scientific research 
that is reflected in the existence of strong research 
institutions, good international networks and world-class 
quality in many areas. 

The last 20 years have seen the South African research 
enterprise becoming more international through increased 
collaboration and participation in global research networks 
across many scientific fields. The research enterprise 
has shown remarkable increases in productivity and 
efficiency in the production of research publications. 
This has translated into a doubling of our world share 
and a significant improvement in our overall world rank 
to position 28 in 2016. In addition, the citation impact 
and research quality of publications in many fields have 
improved significantly. The exceptional growth in the 
production of doctoral students – especially since 2005 
– has led to an expansion of the academic and future 
scientific pipeline. It now seems feasible, mainly because of 
the influx of large numbers of post-graduate students from 
the rest of Africa, that we will in fact meet the target of 
producing 5 000 doctoral graduates by 2030.

However, there are still major weaknesses in the system 
that require serious attention. Investment in R&D has 
not increased substantially over the past decade and 
remains low especially when compared to similarly-sized 
research systems elsewhere in the world. The decline 
in the contribution of business to R&D remains a huge 
concern and (new) strategies have to be developed to 
arrest this trend. The generally low levels of investment in 
R&D means that strategic research areas such as energy, 
food security, water and education remains seriously 
underfunded. The increase in investment in CoEs and 
research chairs by the NRF has only partially addressed 
the dire need for more funding.

Linked to this is the fact that our human resource base 
in research has effectively remained static and in key 
areas experienced a negative growth. Our international 
benchmarking of our human resources indicators has 
shown that we lag behind most of the Comparator and 
even two African countries in this regard. On the more 
positive side, we have seen that the human resource base 
has become more inclusive with the participation of more 
black and female researchers at every level of the research 
system (benefitting from funding, a more diverse academic 
and student population and larger proportions of black and 
women authors contributing to the knowledge expertise 
base). However the trend towards more inclusivity and 
representativeness varies hugely across scientific field and 
remains unrepresentative of the academic population.

The exceptional research performance in terms of 
increases in scientific publication should however be 
moderated against the background of growing concerns 
about increased examples of unethical and questionable 
publication practices (including predatory publishing, 
indiscriminate publication strategies and growing evidence 
of gaming of the DHET publishing system). Although 
saliency of these issues is now high and some initial 
corrective measures have been taken by the DHET, 
the NRF and many universities, it is imperative that our 
research enterprise achieves the correct balance between 
optimal levels of quantum and impact on the one hand and 
good practice in research ethics on the other.



19

INTRODUCTION

Introduction
Background
The focus of this study is on the South African research 
enterprise. The term ‘enterprise’ is not used in its 
technical sense as in the case of business or economic 
studies. Rather, it is used in a more generic sense to refer 
to the ‘assemblage’ or ‘collection’ of activities involved 
in the production of scientific knowledge in the country. 
These activities can be classified in different ways, such as 
when we distinguish between basic, strategic or applied 
research. The title already implies that the focus is on 
knowledge production and not on knowledge application, 
transfer or use. The study therefore explicitly excludes 
any specific attention to matters related to technology 
and innovation. 

This is an ‘evaluative’ study. Using descriptive and analytical 
information, the study presents an assessment of how 
well the research enterprise in South Africa is doing. 
Our first aim was to decide which aspects or dimensions 
of the research enterprise we would assess. Our thinking 
in this regard is presented under the next heading 
(Conceptualisation). Our next challenge was to decide 
what type or form of assessment had to be undertaken. 
This issue is addressed under the heading: Types of 
assessment. And finally, we need to provide information 
about the data sources and methods for data collection 
and analysis employed in the study (discussed under the 
heading of Methodology).

Conceptualisation
We conceptualised the ‘national’ research enterprise 
as consisting of three main components or dimensions: 
research funding, research capacity, and research 
performance. The first two components are often 
understood to be key enablers of knowledge production 
(i.e. the funding and human resources capacity required 
to produce knowledge). 

 

The third dimension – research performance – refers 
to the processes, outputs and impact of knowledge 
production. More specifically, we include the following 
sub-dimensions under this heading: the nature of research 
(e.g. types of research), patterns of research collaboration, 
the volume and types of research output, the shape 
and strength of research areas, the quality of research 
produced, as well as the impact and relevance of research. 
Given the complexity of the research enterprise, we 
selected a wide range of indicators to assess each of these 
dimensions. We provide a summary of the dimensions, 
sub-dimensions and indicator categories in the table below. 

Research performance
Research funding

Research capacity

SA research enterprise

TABLE 1: LIST OF INDICATORS USED IN THE REPORT

DIMENSIONS SUB-DIMENSIONS INDICATOR CATEGORIES

Research funding Research funding Expenditure on research
Funding of research
Sources of funding

Research capacity Researcher capacity Researchers (headcount/full-time equivalent)
Researchers per thousand of labour force
Researchers per million of population

Academic staff capacity and diversity Staff capacity
Staff diversity (gender, race, nationality)

Doctoral students Student enrolments (stock and demographics)
Student graduates (stock and demographics)

Research 
performance

Research output (publications) Number of publications
World share and world rank

Research quality Share of output in top quartiles of journal impact factors

Shape of research production Relative shares of scientific fields

Relative research strength Relative strength of different scientific fields

Research collaboration No collaboration
National collaboration
Collaboration with African countries only
Collaboration with rest of the world

Citation impact Field-normalised citation score

Percentage in top percentiles of highly cited papers

Societal relevance Alignment with national goals and priorities
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Types of assessment
As the title of the report indicates, this was an evaluative 
study. We thus followed good practice in research 
evaluation studies, and distinguish between four types of 
assessment (or benchmarking):

1. International benchmarking: Assessing South Africa’s 
research against other research systems/countries.

2. Historical benchmarking: Assessing South Africa’s current 
research performance against previous performance.

3. Scientific field assessment: Assessing the strengths 
and weaknesses of the scientific fields that constitute 
the knowledge production enterprise.

4. Strategic research assessment: Assessing South 
Africa’s research performance against national goals 
and priorities.

Methodology
Five main methods of analysis have been employed in 
the study:

1. Scientometric and bibliometric indicator analysis: 
We conducted analyses using standard R&D 
indicators (based on the Frascati Manual), standard 
higher education indicators (derived from the HEMIS 
framework), and analysis of NRF funding data. We also 

undertook a wide variety of bibliometric analyses 
of South Africa’s research performance (including 
research output, collaboration, citation impact, and 
research transformation). These bibliometric analyses 
are based on two databases: the Web of Science 
(WoS), and the CREST database of university research 
publications, SA Knowledgebase (SAK).

2. Secondary data analysis: We re-analysed a range 
of existing data sources from various recent surveys 
conducted by CREST for the DST and Universities 
South Africa (USAf).

3. Thematic analysis: We analysed the results of a 
thematic analysis (using the OmniViz programme) 
applied to nearly 100 000 papers authored by 
South African scientists in the WoS to generate 
clusters of major and minor topics which align with the 
eight selected research sectors.

4. Documentary analysis: We read and summarised 
more than 300 South African reports and articles (since 
2000) that address issues around science and research 
policy, strategy and plans across the science system.

5. Expert feedback: We analysed the feedback received 
from more than 70 experts in response to an email 
survey we conducted.

1. Scientometric 
and bibliometric  

analyses

5. Expert  
feedback

2. Secondary data  
analysis

4. Documentary  
analysis

3. Thematic  
analysis
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The structure of the report
The report consists of an Executive Summary, the Main 
Report (in four parts), and Technical Appendices. The 
Main Report is organised according to the four types 
of assessment outlined above. In each part, we present 
the results of our assessment of the three dimensions 
of the South African research enterprise: research 
funding, research capacity, and research performance. 
We elaborate on the details of the contents of the main 
report below.

PART ONE: INTERNATIONAL BENCHMARKING

Part One of the report is devoted to the international 
benchmarking of South Africa’s research enterprise. In this 
section, we utilise two main methodologies: the application 
of selected scientometric indicators (indicators of 
research investment and funding, and indicators of research 
capacity) and selected bibliometric indicators (indicators 
of research output, collaboration and impact). We compare 
South Africa’s research performance on the scientometric 
indicators for four sets of countries: Lead countries, 
Comparator countries, BRICS countries Brazil, Russia, India, 
China and South Africa, and selected African countries. 
We compare South Africa’s research performance on the 
bibliometric indicators to the latter three sets of countries; 
namely, Comparator countries, BRICS countries, and 
selected African countries. A comparison of South Africa’s 
performance on the bibliometric indicators with the Lead 
countries in the world (such as the United States, China, 
Great Britain, Germany and France) is not a meaningful 
comparison given the huge differences in size and resources 
of the Lead countries in scientific production in the world.

The selection of countries for each set of comparisons was 
informed by the following considerations:

• Lead countries: ‘Lead’ countries were simply defined 
as the eight countries with the highest value for the 
selected indicator, for the most recent year for which 
data are available. As an example: in 2015, Israel was 
the leading country in terms of GERD/GDP 1 at 4.27%. 
South Africa’s position on this indicator (44th) is then 
compared with all other countries in the world. Some 
exceptions are present, such as for the share of GERD 
contributed by the business enterprise sector (BERD), 
as discussed in the text.

• Comparator countries: Defining a ‘Comparator’ 
country is not unproblematic. The aim with such 
comparisons is to compare a country’s research 
performance with countries which are most similar to 
it. But in order to identify such ‘Comparator’ countries, 
one first needs to select the criteria to be used in 
defining ‘similarity’. A detailed technical discussion on 

1 GERD/GDP refers to gross domestic expenditure on research and 
development (GERD) expressed as a percentage of gross domestic 
product (GDP).

how we selected the Comparator countries is found 
in the Technical Appendix. In the end, we selected the 
following eight countries: Argentina, Chile, Greece, 
Malaysia, Mexico, Poland, Portugal and Turkey.

• BRICS countries: Given the political importance of the 
BRICS initiative, we decided that a comparison of South 
Africa’s research performance with Brazil, Russia, India 
and China was desirable.

• Selected African countries: Given the strategic 
importance of South Africa’s partnerships with African 
countries, we selected the top-performing African 
countries (using a combination of scientometric 
and bibliometric indicators) for this comparison. 
The countries that were selected are: Botswana, Egypt, 
Ethiopia, Kenya, Senegal, Tanzania, Tunisia and Uganda.

PART TWO: HISTORICAL BENCHMARKING

Part Two of the report focusses on South Africa’s 
research enterprise in its (recent) historical context. 
Our analysis and discussion of findings in this part of 
the report is presented against the backdrop of national 
policy and strategic considerations. Whereas Part One 
of the report is predominantly descriptive, this part of 
the report is more analytical and interpretive. We apply 
the same set of scientometric and bibliometric indicators 
as in Part One, but now with a focus on longitudinal 
trends over time (between 12- and 16-year performance 
windows). We also include additional bibliometric analyses 
of the transformation of South African science over 
the past 15 years. These analyses of the gender, race, 
nationality and age of publishing academics in the system 
are based on CREST’s database of university research 
publications (SAK). 

PART THREE: SCIENTIFIC FIELD ASSESSMENT

In Part Three, we present the results of an analysis of 
the profiles of scientific fields using a methodology and 
framework developed by CREST for this study. We apply 
a multi-dimensional criterion framework to identify the 
strengths and weaknesses of each field. At the highest level 
of analysis, we present the results for each of six main 
scientific fields: agricultural sciences, engineering sciences, 
health sciences, humanities, natural sciences, and the social 
sciences. For each main field, we also present the results 
of a more granular analysis at a lower level of sub-fields 
or disciplines. Examples are analyses of the biological 
sciences and geological sciences under the main field of the 
‘natural sciences’, and analyses of sociology, psychology and 
education under the main field of the ‘social sciences’. In 
addition to the bibliometric analyses of these fields (which 
include analyses of researcher demographics), we present 
the results of our analysis of NRF funding of the main 
fields; staff capacity and diversity profiles for each of the 
main fields; and trends in the academic pipeline (doctoral 
enrolments and graduates) for each main field.
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PART FOUR: STRATEGIC RESEARCH ASSESSMENT

In Part Four, we present the results of a strategic 
assessment of the South African research enterprise. 
Our focus here is on national research goals and priorities 
as these have been articulated in recent years (such as in 
the NDP). In addition, we have taken into consideration 
the priorities contained in the United Nations’ SDGs. 
We undertook a systematic review of more than 300 
documents (policy and strategy documents, research 
planning documents, research reports and articles) that 
we deemed relevant to the goals and issues raised in the 
NDP and the SDGs. The review allowed us to generate 
and select a number of thematic research clusters (20) 
that capture the research priorities as expressed in these 
documents. We subsequently requested input from 76 
experts and asked them to respond to these themes. 
The final stage in our strategic assessment consisted of 
extracting from various sources2 the existing knowledge 
expertise in the country most closely aligned with six 
strategic research areas. The strategic assessment, 
therefore, presents a picture of the extent to which the 
national research priorities are aligned with the existing 
knowledge expertise in the country.

The transformation imperative 
The imperative to transform the research enterprise in 
South Africa is well-documented: from the White Paper 
on Science and Technology in 1996 to various subsequent 

2  Specifically, thematic cluster analyses conducted by TEConomy, 
and bibliometric analyses of SAK and CREST’s database of 
doctoral dissertations.

policy and strategy documents. In essence, the imperative 
translates into the goal to achieve greater inclusivity and 
representativeness by all South Africans in the knowledge 
production enterprise. We understand this imperative as 
implying at least four subsidiary goals: 

1. To ensure that more female and black South Africans 
benefit from research funding from the NRF; 

2. To ensure that more female and black South Africans 
are represented in the human resource base 
(researchers at the national research system level as 
well as academic staff in the university sector); 

3. To ensure that more female and black South African 
students are represented throughout the academic 
pipeline (increased participation of enrolled and 
graduating students); and 

4. To ensure that an increased proportion of knowledge 
outputs (research publications of various types) is 
produced by female and black South African scientists 
and scholars. 

To assess to what extent the South African research 
enterprise has been transforming over the recent past 
(15 to 20 year timeframes) at these various levels, we have 
disaggregated the relevant indicators of these dimensions 
by gender, race, nationality and age group.3 The table 
above summarises where the indicators of research 
transformation have been incorporated as a cross-cutting 
dimension in the study and the report. 

3  We believe that the imperative of transformation must involve tracking 
inter-generational shifts, and the extent to which young academic staff 
and researchers (defined as younger than 40) are represented in the 
research enterprise.

TABLE 2: INDICATORS OF RESEARCH TRANSFORMATION

Report Dimension Gender Race Nationality Age group

Part Two:  
Historical 
benchmarking

Research capacity Percentage female 
researchers

Research output Share of papers 
produced by women 

Share of papers 
produced by black 
South African 
researchers

Share of papers 
produced by South 
African researchers

Share of papers 
produced by 
young researchers

Part Three: 
Scientific field 
assessment

Research funding 
(NRF)

Share and values of 
grants awarded to 
women

Share and values of 
grants awarded to 
black researchers

Academic staff Number and 
proportion of 
female staff

Number and 
proportion of 
black staff

Number and 
proportion of South 
African staff

Academic pipeline Female students 
as proportion of 
doctoral enrolments 
and graduates

Black students 
as proportion of 
doctoral enrolments 
and graduates

South African 
students as 
proportion of 
doctoral enrolments 
and graduates

Research output Proportion of 
research publications 
produced by female 
researchers

Proportion of 
research publications 
produced by black 
researchers

Proportion of 
research publications 
produced by young 
researchers
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The big questions
The study aims to address the following ‘big’ and 
‘smaller subsidiary’ questions about the South African 
research enterprise:

• Part One: How well does South Africa do in terms 
of research funding, capacity and performance when 
compared to:

– The Lead countries in the world

– The BRICS countries

– The top African countries

– The countries that are most similar to South Africa 
(Comparator countries)?

• Part Two: What are the main trends of the 
South African research enterprise over the recent past?

– How does our recent historical performance compare 
when assessed against national policy goals and 
targets?

– In which areas are we doing well and in which areas do 
we need to improve?

• Part Three: How do the different science fields 
compare in terms of research funding, academic capacity, 
the production of the next generation of scientists and 
scholars, research output and world share, relative 
activity, trends in research collaboration, citation impact, 
and transformation?

• Part Four: What are the key challenges and research 
priorities that South Africa face, and how are these 
aligned with the existing knowledgebase in the country?

A note on the Executive Summary 
and Technical Appendices
Given the scope of the study, the Executive Summary 
is of necessity longer than one would normally expect. 
Our approach was to compose an Executive Summary 
which not only presents the headline results of the study, 
but also some of the granularity of important detailed 
findings. In an attempt to consolidate large ‘chunks’ of 
data, we also used more graphs in the Executive Summary 
than is standard practice. Our ultimate aim was to write 
an Executive Summary that can be read as a standalone 
report. Needless to say, a comprehensive and deeper 
understanding of the headline findings still requires 
engagement with the Main Report.

Finally, a complex study of this nature requires a large 
number of decisions and choices about data sources, 
data management, field classification, indicators, and 
analyses. In most of these areas we have followed standard 
scientometric and bibliometric conventions. In some cases, 
we had to make choices where no convention or protocol 
exists. We have documented all of these decisions and the 
thinking behind these in the Technical Appendix. To assist 
the readers of this report, we have included in the Main 
Report a reference to the Technical Appendix when we 
introduce or use a technical term.





PART ONE: 
International benchmarking
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Part One of the report is devoted to the international 
benchmarking of the South African research enterprise. 
The benchmarking has been undertaken in terms of 
three dimensions:

• Research funding 

• Research capacity

• Research performance

For each of these dimensions, we employed a set of 
standard indicators (Figure 1.1 below). As far as the 
first two dimensions are concerned (investment in 

research and research capacity), we benchmarked South 
Africa against four sets of countries (Lead countries, 
Comparator countries, BRICS countries, and selected 
African countries). For the third dimension (research 
performance), we compared South Africa’s performance 
for three sets of countries (Comparator countries, BRICS 
countries, and selected African countries.1

1  A comparison on this dimension with the Lead countries of the world 
(e.g. the USA, UK, Germany, France and others) makes little sense as 
the differences in scale between these countries are too large for any 
meaningful comparisons.

Navigation

FIGURE 1.1: NAVIGATION FOR PART ONE
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Section 1: Research funding
1.1 Background
Science policy in much of the industrialised world is largely 
underpinned by the belief that R&D investment yields 
various benefits, ranging from scientific to socio-economic. 
Scientific benefits would include new knowledge created in 
the form of new data, models and theories to improve our 
understanding of the world. These are typically codified in 
various forms: journal articles, conference proceedings and 
books. In addition, the scientific enterprise, and specifically 
the academic sector, also produces highly skilled knowledge 
workers. These graduates enter into the labour market 
where they transfer their knowledge and skills to improve 
current work processes, but also create new innovations 
that can improve the human condition for the better. At the 
high end of the academic pipeline are doctoral graduates. 
In South Africa, about two thirds of the annual ‘outputs’ of 
doctoral production (i.e. doctoral graduates) are employed 
in the broader labour market and various professions. 
One third are academics who improve their qualifications 
and – as part of the academic system – continue to 
reproduce the next generation of academics, scholars and 
scientists, as well as adding to our stock of knowledge. 

The relationship between investment in research and its 
impact has been an object of study for at least the past 
50 years. These studies have been conducted under such 
headings as ‘the value of scientific research’, ‘the return 
on investment in research’, and the ‘socio-economic 
benefits and impact of research’. Despite the many 
conceptual and methodological challenges that such studies 
face, a reasonable consensus has emerged that there is 
overwhelming evidence that an investment in research has 
numerous positive impacts. The benefits of public research 
and innovation (R&I) are many, ranging from the creation 
of new knowledge to the development of new skills, or 
leveraging private R&D investments that would otherwise 
not be carried out (European Commission 2017). 
The positive economic benefits of publicly-performed 
R&I have been widely documented in economic research. 
Meyer-Krahmer and Schmoch (1998), Pavitt (1998), Salter 
and Martin (2001) and Georghiou (2015) have identified 
different channels through which public R&D contributes 
to economic growth. These include the following:

• Basic scientific research expands the number of ideas 
that are available in the economy and that can then be 
translated into new or improved technologies, products 
and services, as well as improved processes, that 
generate greater value-add.

• Countries that spend more on R&D produce more high 
quality research publications.

• Investment in research increases the individual 
productivity of scientists.

• Scientists who migrate into the commercial sector of the 
innovation system typically apply the latest theoretical 
knowledge accruing from scientific research, and 

transfer elements of problem-solving strategies that are 
fundamental in basic research.

• Over the past two decades, entrepreneurship accruing 
from public research organisations and universities has 
been widely acknowledge as one of the key benefits 
accruing from public R&D (Pattnaik & Pandey 2014). 
More precisely, universities and academics within 
universities are increasingly regarded as a source for the 
creation of new companies, in particular high-tech firms, 
as universities are moving from their traditional roles 
of research, teaching and knowledge dissemination to a 
more advanced role of creating spinoffs and promoting 
academic entrepreneurship (Lerner 2004).

• The creation of networks with private researchers and 
users can lead to the co-production of knowledge that 
can address directly a specific problem or challenge with 
a direct economic impact. The relevance of networks 
to spurring on the innovation of collaborative research, 
contract research, consulting, and informal relationships 
between universities and business, has been widely 
documented across several studies. This can take the 
shape of academic engagement and commercialisation 
of public research outputs which can be then be used 
by the private sector in order to develop innovation 
(Perkmann et al. 2013). The role of public research 
organisations or universities in complementing private 
R&D activities, notably for small-to-medium enterprises 
(SMEs), has been extensively researched, since small 
and medium-sized enterprises often source their R&D 
capacity from these public bodies (Deschamps et al. 2013).

• Econometric studies have shown that more than 65% of 
productivity growth variance is due to its dependence on 
gross domestic expenditure on R&D (GERD) expressed 
as a percentage of GDP.

• Governments also provide direct or indirect funding 
for businesses to carry out R&D activities that would 
otherwise not be carried out. This can take the form of 
R&D tax incentives, R&D grants or investment schemes.

1.2 Measuring investment in research
The standard indicator used to measure the intensity 
of investment in research is a country’s GERD, as a 
percentage of its GDP. The GERD/GDP indicator has 
become a standard statistic to measure a country’s 
investment in R&D since its introduction by the OECD 
in the first version of the Frascati Manual in 1963. The 
‘popularity’ of this indicator is illustrated in Benoit Godin’s 
paper on the history of the indicator in which he referred 
to it as the ‘most cherished indicator’ (Godin 2003). 
However, Godin (ibid.: 23) also cautions us about the 
shortcomings of the indicator – some of which the OECD 
had initially warned against:

 As early as 1967, the OECD warned countries against 
uncritical use of the GERD/GNP (gross national product) 



28

The state of the South African research enterprise

indicator: ‘Percentages of GNP devoted to R&D 
are useful in comparing a country’s R&D effort with 
resources devoted to competing national objectives or 
to track its growth over time. International comparisons 
of Gross National Product (GNP) percentages are, 
however, not good yardsticks for science planning.’ 
Certainly, ‘the percentage of GNP devoted to R&D 
varies directly with per capita GNP. [But] this appears to 
be true at the top and bottom of the scale’ only.

Despite these warnings, Godin (ibid.: 24) continues: 

 … it was the OECD itself that contributed to the 
widespread use of the indicator. In every statistical 
publication, the indicator was calculated, discussed, 
and countries ranked according to it, because ‘it is 
memorable’, and is ‘the most popular one at the science 
policy and political levels, where simplification can be 
a virtue.’

1.3 GERD in global context
According to the UNESCO World Science Report 
(UNESCO 2015), world GERD in 2015 amounted to a 
purchasing power parity (PPP) of $1 478 billion, compared 
to only PPP$1 132 billion in 2007. This represented a 
smaller increase than the 47% increase recorded over the 
previous period (2002-2007), but a significant increase 
nevertheless. As GERD progressed much faster than global 
GDP, this caused global R&D intensity to climb from 1.57% 
of GDP in 2007 to 1.70% in 2013 (ibid.: 24). In its most 
recent annual R&D funding forecast for 2018, the R&D 
Magazine (2018: 3) estimates that global R&D investment 
would be around $2 190 billion for the 116 countries in the 
world that have significant R&D investments (more than 
$20 million). This estimated 2018 R&D growth rate is an 
increase over the 3.4% seen in 2017 due to the increasingly 
vibrant global economy expected in 2018. In the same 
report, the authors comment on the relative shares of the 
major countries, and specifically the recent shift towards 
increasing investment in R&D by China (ibid: 3): 

For more than 50 years, the United States has dominated 
R&D spending, however its share of the global R&D 
pie has shrunk from about a third of all global monies 
spent on R&D ten years ago to just slightly more than a 
quarter in 2018 and it is continuing to shrink. The USA 
still spends more than any other single country, but China 
has continued to invest larger shares of its GDP than the 
USA. Despite starting from a relatively small investment 
20 years ago, China’s continuing strong investments have 
caught up so it now invests about 85% as much in absolute 
PPP monies as does the USA. That gap is continuing to 
narrow and China is expected to outspend the USA in 
absolute dollars for R&D within ten years. The Asian 
region, with R&D powerhouses China, Japan, South Korea 
and India, has grown to now contribute nearly 44% of the 

global R&D investment, up ten percentage share points 
from ten years ago. US, European and other regional 
R&D shares have fallen in lockstep with Asia’s rise. South 
America, Africa, Middle East and Russia/Commonwealth 
of Independent States (CIS) regions continue to languish in 
R&D investments compared to the amounts spent in the 
USA, Europe and Asia. 

The table below provides a summary of the relative shares 
of global R&D spending of different regions and countries.

TABLE 1.1: SHARE OF TOTAL GLOBAL R&D SPENDING (2016-2018)

Region/Country 2016 2017 2018

North America 
(12 countries)

27.52% 27.60% 27.36%

United States 25.36% 25.60% 25.25%

South America 
(10 countries)

2.44% 2.40% 2.28%

Europe (34 countries) 21.16% 21.00% 20.52%

Germany 5.60% 5.50% 5.32%

Asia (24 countries) 42.72% 42.67% 43.62%

Japan 9.00% 8.80% 8.52%

China 20.70% 21.20% 21.68%

South Korea 4.00% 4.10% 4.03%

India 3.60% 3.70% 3.80%

Africa (18 countries) 0.88% 0.90% 0.92%

Middle East 
(13 countries)

2.43% 2.50% 2.51%

Russia/CIS 
(5 countries)

2.86% 2.90% 2.80%

Source: 2018 Global R&D Funding Forecast (R&D Magazine 2018: 3)

GERD encompasses both public and private investment 
in R&D. Various studies (references) have shown that the 
share of GERD contributed by the business enterprise 
sector (BERD) tends to be higher in economies with 
a greater focus on technology-based competitiveness 
in manufacturing, as reflected in their higher BERD/
GDP ratio. According to the UNESCO World Science 
report (UNESCO 2015), among the larger economies 
for which adequate data are available, the BERD/GDP 
intensity has risen appreciably in only a few countries, 
such as the Republic of Korea and China and, to a lesser 
extent, in Germany, the USA, Turkey and Poland. At 
best, it has remained stable in Japan and the UK and 
receded in Canada and South Africa (UNESCO 2015: 30). 
Figure 1.2 below highlights the continuing concentration 
of R&D resources in a handful of highly developed or 
dynamic economies. Several of these advanced economies 
fall in the middle of the figure (Canada and UK), 
reflecting their similar density of researchers with the 
leaders (e.g. Germany or the USA), yet lower levels of 
R&D intensity. 
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FIGURE 1.2: COMPARING COUNTRIES ON SHARE OF GLOBAL R&D SPEND, RESEARCHERS PER MILLION OF THE POPULATION, AND 
BERD% (2018)

Source: 2018 Global R&D Funding Forecast Report (R&D Magazine 2018: 4)

Data notes: The size of the circles in this chart reflects the relative amount of annual R&D spending for the respective country. Note the regional grouping of 
countries by the colour of the circles. The horizontal axis reflects R&D spending as a percentage share of the countries’ GDP. The vertical axis reflects the 
number of researchers (including scientists and engineers) per million of the population for the respective countries.
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1.4 Benchmarking South Africa’s 
expenditure on R&D
1.4.1 GERD as a percentage of GDP
Gross domestic expenditure on R&D (GERD) is the total 
expenditure on R&D within a country, regardless of the 
source of funds. In terms of the latest available data, South 
Africa is ranked 44th in the world in terms of GERD as 
percentage of GDP. Compared to Comparator countries, 
South Africa is ranked 6th; to the other BRICS countries 
4th (behind China, Brazil and Russia). In Africa, South 
Africa is the highest ranked country on this indicator. 
The eight Lead countries spent between 2.96% to 4.27% of 
GDP on R&D, whereas the Comparator countries range 
from 0.38% to 1.30%. The BRICS countries range from 
0.62% for India to 2.06% for China, while the selected 
African countries ranged from 0.17% to 0.79%. This is 
shown in Figure 1.3.

1.4.2 GERD per capita (in current PPP$)
UNESCO adapts the definition of GERD per capita from 
the Frascati Manual 2015 (OECD 2015) when they define 
GERD per capita (in current PPP$) as follows: “GERD per 
capita includes the total intramural expenditure on R&D 
performed during a specific reference period per inhabitant 
(total population).” 

South Africa is ranked 56th in the world in terms of GERD 
per capita. None of the Comparator, selected African, or 
the BRICS countries are among the Lead countries. As far 
as the Comparator countries are concerned, South Africa 
is ranked 7th, followed by Mexico and Chile. In comparison 
to the other BRICS countries, South Africa is ranked 4th 
(behind China, Brazil and Russia). In Africa, South Africa 
is the highest ranked country on this indicator. This is 
represented in Figure 1.4.

FIGURE 1.3: GERD/GDP FOR LEAD, COMPARATOR, SELECTED 
AFRICAN, AND BRICS COUNTRIES (2015 OR MOST RECENT)

Source: UIS.Stat and the South African R&D survey (CeSTII 2018) Source: UIS.Stat
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1.4.3 Percentage of GERD by source 
of funds
Five categories are identified in the Frascati Manual for 
measuring sources of funding for R&D. The first four are 
local sources; namely, the business enterprise sector, 
government sector, higher education sector, and private 
non-profit sector. The fifth source refers to funding from 
abroad, for which the sectors are not distinguished. For 
reporting purposes, the higher education sector and 
private non-profit sector are often combined into another 
category that reports on other local sources.

As is evident from the figure below, in the Lead countries 
in the world (based on GERD/GDP), the business 
enterprise sector tends to be the largest funder of R&D 
(ranging from 78% to 50%). The exception is Israel with 

the majority of its funding for R&D coming from abroad 
(52%). Conversely, in most countries in Africa, the 
government sector and funding from abroad are the main 
sources of R&D funding. The three main funders of R&D 
in South Africa are the government sector (45%), followed 
by the business enterprise sector (39%) and funding 
from abroad (13%). Not all the Comparator countries 
have a similar distribution to South Africa, with R&D in 
Malaysia mainly being funded by the business enterprise 
sector (50%). For Portugal, the funding by the Business 
enterprise sector (43%) and the government sector (44%) 
being close to equal. The government sector is the main 
funder of R&D for all the BRICS countries, except for 
China where the business enterprise sector is the largest 
source of R&D funds.

 
FIGURE 1.5: PERCENTAGE GERD BY SOURCE OF FUNDS FOR LEAD, COMPARATOR, SELECTED AFRICAN, AND BRICS COUNTRIES 
(2015 OR MOST RECENT)
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Figure 1.6 above presents a summary view by comparing 
South Africa with all countries selected on three 
indicators: GERD/GDP (horizontal axis), percentage of 
GERD sourced from the business sector (vertical axis), 
and GERD in current PPP$ represented by the size of the 
circles. Some of the countries with the highest spend on 
GERD also have a high percentage of GERD funded by the 
business enterprise sector (e.g. China, Japan, Germany and 
Korea). The figure also shows that the selected African 
counties cluster together, with Tunisia and Botswana being 
the exception in BERD% and Egypt in GERD in current 
PPP$. On the other hand, the Comparator countries, 
while of comparable GERD in current PPP$, display a 
range of BERD%.

1.4.4 GERD by type of R&D activity
The OECD (Frascati Manual) has traditionally distinguished 
between three types of R&D: basic research, applied 
research, and experimental development.2 These are 
defined as follows (OECD 2015: 45):

 Basic research is experimental or theoretical work 
undertaken primarily to acquire new knowledge of the 
underlying foundation of phenomena and observable 

2 This categorisation has been an ongoing matter for debate and 
critique over the years. An excellent discussion, as well as an alternative 
classification, is presented in Donald Stokes’ book Pasteur’s quadrant 
(Stokes 1997). He also shows how the OECD has changed their own 
categorisation over the years. Despite these contestations, it is fair to say 
that most governments continue to report on this threefold classification.

facts, without any particular application or use in view. 
Applied research is original investigation undertaken in 
order to acquire new knowledge. It is, however, directed 
primarily towards a specific, practical aim or objective. 
Experimental development is systematic work, drawing 
on knowledge gained from research and practical 
experience and producing additional knowledge, which is 
directed to producing new products or processes or to 
improving existing products or processes.

In the Lead countries in the world, the largest percentage 
of GERD is predominantly directed towards experimental 
development, ranging from 77% for Israel to 43% for 
Denmark. The exception is Switzerland at 33%. Data for 
two Lead countries are not available, namely Germany and 
Sweden. South African GERD is mainly spent on applied 
research (47%) with relatively equal amounts for basic 
research (25%) and experimental development (27%). 
The selected African countries spend a smaller percentage 
on applied research, except for Ethiopia. The Comparator 
countries’ spend on applied research ranges from 48% 
for Poland to 9% for Malaysia. Data for only one BRICS 
country is available, namely China which spends 84% on 
experimental development, as shown in the figure below.
 
FIGURE 1.7: GERD BY TYPE OF R&D ACTIVITY FOR LEAD, 
COMPARATOR, SELECTED AFRICAN, AND BRICS COUNTRIES  
(2015 OR MOST RECENT)
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FIGURE 1.6: GERD IN ‘000 CURRENT PPP$, GERD/GDP AND BERD 
% FOR LEAD, COMPARATOR, SELECTED AFRICAN, AND BRICS 
COUNTRIES (2015 OR MOST RECENT)

Source: UIS.Stat and the South African R&D survey (CeSTII 2018)

Source: UIS.Stat and the South African R&D survey (CeSTII 2018)

Data notes:  The Lead countries included in this figure are the Lead 
countries for the indicator GERD/GDP. 
No data for Brazil, Russia, India, Turkey, Botswana, Egypt, 
Senegal, Tunisia, Sweden, and Germany.

Figure 1.1: GERD in ‘000 current PPP$, GERD/GDP and BERD% for Lead, Comparator, selected African, and BRICS 
countries (2015 or most recent) 
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Section 2: Research capacity
2.1 Introduction
Each of the countries which have increased their estimated 
level of innovative capacity over the last quarter century 
– Japan, Sweden, Finland and Germany – has implemented 
policies that encourage human capital investment in science 
and engineering (Furman, Porter & Stern 2002).

A critical mass of human resources for science and 
technology is vital for the creation and dissemination 
of knowledge. Attaining that critical mass is of utmost 
importance for both developed and developing countries, 
and is particularly relevant for emerging regions worldwide. 
The term ‘knowledge society’ is used to describe societies 
which are typically characterised by a high degree of 
dependency on their ability to create scientific and 
technological knowledge. In knowledge-intensive societies, 
the creation, dissemination and utilisation of information 
and knowledge has become the most important factor of 
production. This implies, among others, that knowledge 
societies are characterised by high proportions of highly 
educated citizens, and that the state accordingly invests 
heavily both in education and skills development, as well as 
in research development.

It is therefore not surprising that increasing the number of 
scientists and researchers in a country is a central science 
policy goal for most countries. This goal translates into 
a variety of strategies to attract high level talent to the 
country (‘brain gain’ and/or internationalisation strategies). 
This imperative also speaks to in-country strategies to 
ensure that sufficient numbers of learners and students are 
attracted to universities and institutions of higher learning 
to prepare for careers in science, research and knowledge 
work. Another major theme, especially in South Africa, 
is the representation of all sectors of the population in 
the scientific work force. The under-representation of 
women and especially black researchers and scientists 
in the national research system has become a matter of 
national priority. This theme is addressed in more detail in 
Part Three of this report. In the remainder of this section, 
we present the results of our comparison of South Africa’s 
performance on standard human resource indicators with 
the selected countries. 

2.2 Researchers in thousands (HC)
While three categories of R&D personnel are identified 
in the Frascati Manual – namely researchers, technicians, 
and other supporting staff – this report focuses on 
researchers. Researchers are defined as “professionals 
engaged in the conception or creation of new knowledge” 
(OECD 2015: 379). They conduct research and improve 
or develop concepts, theories, models, techniques 
instrumentation, software or operational methods. 
A change in the 2002 version of the Frascati Manual 

allowed researchers to include doctoral as well as master’s 
students, if they are engaged as researchers at the higher 
education institution in question. R&D personnel are 
measured in two main ways: headcount (HC) and full-
time equivalent (FTE), where HC refers to the number of 
personnel and FTE to the amount of time they spent on 
R&D.

South Africa is ranked 32nd in the world in terms of 
the number of HC researchers in the country. As far as 
Comparator countries are concerned, South Africa is 
ranked 7th. In comparison to the other BRIC countries, 
South Africa is ranked 4th, with no recent data available 
for India. It should be noted that all three of the other 
BRICS countries are among the Lead countries, with China 
ranking first, Russia 7th and Brazil 8th. In Africa, South 
Africa is ranked 2nd on this indicator, with Egypt ranked 
1st in Africa, as shown in Figure 1.8 below. 

FIGURE 1.8: NO. OF RESEARCHERS IN ‘000 (HC) FOR LEAD, 
COMPARATOR, SELECTED AFRICAN, AND BRICS COUNTRIES 
(2015 OR MOST RECENT)

 

Source: UIS.Stat and the South African R&D survey (CeSTII 2018)
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2.4 Researchers per million 
inhabitants (HC)
South Africa is ranked 69th in the world in terms of 
number of headcount researchers per million inhabitants 
in the country. None of the Comparator, African or 
BRICS countries are among the Lead countries in the 
world for this indicator. As far as Comparator countries 
are concerned, South Africa is ranked 7th. In comparison 
to the other BRICS countries, South Africa is ranked 4th, 
with no recent data available for India. In Africa, South 
Africa is ranked 4th on this indicator, behind Tunisia, Egypt 
and Senegal. This is shown in the figure below.

FIGURE 1.10: NO. OF RESEARCHERS PER MILLION INHABITANTS 
(HC) FOR LEAD, COMPARATOR, SELECTED AFRICAN, AND 
BRICS COUNTRIES (2015 OR MOST RECENT)

 

Source: UIS.Stat

2.3 Researchers in thousands (FTE)
The FTE indicator is considered to be the main R&D 
personnel statistic for international comparisons (OECD 
2015: 165). It is defined in the Frascati Manual as “the ratio 
of working hours actually spent on R&D during a specific 
referencing period (usually a calendar year) divided by the 
total number of hours conventionally worked in the same 
period by an individual or by a group” (ibid.: 166). In this 
manner, no individual person can perform more than one 
FTE on R&D. 

South Africa is ranked 38th in the world in terms of 
number of FTE researchers in the country. As far as 
Comparator countries are concerned, South Africa is 
ranked 8th. In comparison to the other BRIC countries, 
South Africa is ranked 5th. It should be noted that three of 
the other BRICS countries are among the Lead countries, 
with China ranking first, Russia 4th and India 8th, as 
presented in Figure 1.9. In Africa, South Africa is ranked 
2nd on this indicator, with Egypt ranked first in Africa. 

FIGURE 1.9: NO. OF RESEARCHERS IN ‘000 (FTE) FOR LEAD, 
COMPARATOR, SELECTED AFRICAN, AND BRICS COUNTRIES 
(2015 OR MOST RECENT)

 

Source: UIS.Stat and the South African R&D survey (CeSTII 2018)
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2.5 Researchers per million 
inhabitants (FTE)
South Africa is ranked 67th in the world in terms of the 
number of FTE researchers per million inhabitants in 
the country. None of the Comparator, African or BRICS 
countries are among the Lead countries in the world for 
this indicator (Figure 1.11). As far as the Comparator 
countries are concerned, South Africa is ranked 7th. In 
comparison to the other BRICS countries, South Africa is 
ranked 4th with India ranked 5th. In Africa, South Africa 
is ranked 4th on this indicator, behind Tunisia, Egypt 
and Senegal.

FIGURE 1.11: NO. OF RESEARCHERS PER MILLION INHABITANTS 
(FTE) FOR LEAD, COMPARATOR, SELECTED AFRICAN, AND 
BRICS COUNTRIES (2015 OR MOST RECENT)

 

Source: UIS.Stat 

   
 

2.6 Researchers per thousand 
labour force (HC)
South Africa is ranked 62nd in the world in terms of 
number of headcount researchers per thousand labour 
force in the country. Portugal, which is one of the 
Comparator countries, is ranked 8th in the world. Among 
the Comparator countries, South Africa is ranked 7th. 
In comparison to the other BRICS countries, South Africa 
is ranked 4th, with no data available for India. In Africa, 
South Africa is ranked 4th on this indicator, behind Tunisia, 
Egypt and Senegal.

FIGURE 1.12: NO. OF RESEARCHERS PER THOUSAND LABOUR 
FORCE (HC) FOR LEAD, COMPARATOR, SELECTED AFRICAN, 
AND BRICS COUNTRIES (2015 OR MOST RECENT)

 

Source: UIS.Stat
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2.7 Researchers per thousand 
labour force (FTE)
As with the previous indicator, South Africa is ranked quite 
low at position 62 in the world in terms of the number of 
FTE researchers per thousand labour force in the country. 
None of the Comparator, BRICS or African countries are 
among the Lead countries in the world, as shown in Figure 
1.13. Among the Comparator countries, South Africa 
is 7th. In comparison the other BRIC countries, South 
Africa is ranked 4th, followed by India. In Africa, South 
Africa is ranked 4th on this indicator, behind Tunisia, Egypt 
and Senegal.

FIGURE 1.13: NO. OF RESEARCHERS PER THOUSAND LABOUR 
FORCE (FTE) FOR LEAD, COMPARATOR, SELECTED AFRICAN, 
AND BRICS COUNTRIES (2015 OR MOST RECENT)

 

Source: UIS.Stat 
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 African  Comparator  BRICS  RSA  Lead

2.8 Doctoral graduates per million 
of the population
While doctoral and master’s students are counted 
as researchers if they participate in the activities that 
define researchers according to the Frascati Manual, the 
South African R&D survey (starting from the 2004/2005 
report) only distinguishes doctoral students from other 
researchers for some indicators for the higher education 
sector. For this report, in order to allow for comparison 
across countries, a new indicator – the number of doctoral 
graduates per million of the population in the country – 
was subsequently introduced. Figure 1.14 below shows that 
South Africa is ranked 64th in the world on this indicator. 
As far as Comparator countries are concerned, South 
Africa is ranked 8th, followed by Chile. In comparison 
to the other BRIC countries, South Africa is ranked 3rd, 
followed by China and India. Data on this indicator are 
only available for five of the selected African countries. 
In comparison to these, South Africa is ranked 3rd, with 
Tunisia ranked first in Africa and Egypt 2nd.

FIGURE 1.14: DOCTORAL GRADUATES PER MILLION OF THE 
POPULATION FOR LEAD, COMPARATOR, SELECTED AFRICAN, 
AND BRICS COUNTRIES (2015 OR MOST RECENT)

 

Source: UIS.Stat, World Bank Development Indicators and the 
South African R&D survey (CeSTII 2018)   
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2.9 Percentage of female 
researchers (HC)
When South Africa is compared with the rest of the 
world it is ranked 32nd in terms of the percentage of 
headcount researchers that are women. Both Tunisia and 
Argentina are among the Lead countries on this indicator, 
ranked 3rd and 7th, respectively. When considering the 
Comparator countries, South Africa has the third highest 
percentage of female researchers, with only Argentina and 
Malaysia having a higher proportion. Among the selected 
African countries, only Tunisia has a higher percentage. 
For the BRICS countries, only Russia has data available for 
this indicator, which show a lower percentage of female 
researchers than South Africa. 

FIGURE 1.15: PERCENTAGE OF FEMALE RESEARCHERS (HC) 
FOR LEAD, COMPARATOR, SELECTED AFRICAN, AND BRICS 
COUNTRIES (2015 OR MOST RECENT)

 

Source: UIS.Stat and the South African R&D survey (CeSTII 2018)

 

2.10 Percentage of female 
researchers (FTE)
In terms of the latest available data, South Africa is ranked 
25th in the world in terms of the percentage of FTE 
researchers that are women in the country. One of the 
Comparator countries, Argentina ranked 5th at 52.0%, 
and one of the selected African countries, namely Tunisia 
ranked 3rd at 58.9%, are among the Lead countries. 
Among the Comparator countries, South Africa is 3rd. In 
Africa, South Africa is ranked 2nd on this indicator, behind 
Tunisia. For the BRICS countries, only India has data 
available for this indicator, which show a lower percentage 
of female researchers than South Africa. This comparison 
is presented in Figure 1.16.

FIGURE 1.16: PERCENTAGE OF FEMALE RESEARCHERS (FTE) 
FOR LEAD, COMPARATOR, SELECTED AFRICAN, AND BRICS 
COUNTRIES (2015 OR MOST RECENT)

 

Source: UIS.Stat 

   
In this section, we used nine indicators of the research 
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between these in Figure 1.17 overleaf.
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FIGURE 1.17: DEFINING INDICATORS OF RESEARCH CAPACITY
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Size-independent indicators are more appropriate for 
comparisons across research systems, as they include 
some form of normalisation for size. This means that we 
should focus on the results of the comparisons on the 
size-independent indicators. These ranks (between 62 
and 69 in the world) highlight a major weakness in the 
South African research enterprise; that is, the inadequate 
research capacity to meet the demands of an (aspiring) 
knowledge society.

TABLE 1.2: SUMMARY OF RANKS ON SIZE-INDEPENDENT 
INDICATORS FOR SOUTH AFRICA AND COMPARATOR 
COUNTRIES (2015 OR MOST RECENT DATA)

Indicator R
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Researchers 
per million of 
inhabitants (HC)

69 44 71 23 34 83 9 31 41

Researchers 
per million of 
inhabitants (FTE)

67 45 68 28 33 76 23 34 46

Researchers per 
thousand of the 
labour force (HC)

62 44 73 19 36 83 8 35 34

Researchers per 
thousand of the 
labour force (FTE)

62 45 69 25 35 78 23 37 42

Doctoral graduates 
per million of the 
population (HC)

64 61 69 35 38 63 20 48 56

2.11 Conclusion
In the beginning of this section, we pointed to the strong 
relationship between R&D intensity (GERD/GDP) and the 
investment in human resources in science and technology. 
In the graph below, we compare the Lead countries on 
the indicator GERD/GDP with South Africa, Comparator, 
BRICS, and selected African countries in terms of GERD/
GDP and researchers per 1 000 of the labour force (FTE). 
The size of the circles indicates the number of researchers 
(HC) in the country. 

FIGURE 1.18: COMPARISON OF NO. OF RESEARCHERS (HC), 
GERD/GDP AND RESEARCHER PER 1 000 LABOUR FORCE (FTE) 
FOR LEAD, COMPARATOR, SELECTED AFRICAN, AND BRICS 
COUNTRIES (2015 OR MOST RECENT)

Source: UIS.Stat and the South African R&D survey (CeSTII 2018)
Data notes:  The Lead countries included in this figure are the Lead 

countries for the indicator GERD/GDP

    
The results reveal a distinct ‘divide’ between the Lead 
and other countries. It is also clear that while China has 
a large population of researchers, this does not translate 
into a number of FTE researchers per labour force that 
is comparable with the Lead countries, with most of the 
Comparator countries scoring higher on this indicator. 
It is also worth noting that three of the selected African 
countries (Senegal, Egypt and Tunisia) have a higher 
research capacity intensity, even though they spend less on 
GERD/GDP than South Africa.
 

Figure 1.18: Comparison of no. of researchers (HC), GERD/GDP and researcher per 1 000 labour force (FTE) for Lead, 
Comparator, selected African, and BRICS countries (2015 or most recent) 
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Section 3: Research performance
Research performance can be understood to refer to various aspects of the research enterprise. In this section we present 
and discuss the results of our analysis of four sub-dimensions of research performance: research publication output, research 
field strength, patterns of research collaboration, and citation impact. As far as publication output is concerned, we report 
on three indicators: absolute number of publications published in journals indexed in the Clarivate Analytics Web of Science 
(WoS), world share, and world rank position. Relative field strength or research activity is measured through a standard 
indicator (RFS). With regard to research collaboration, we report on trends in the proportion of internationally co-authored 
papers over the time period. Citation impact is measured by the field-normalised citation score (MNCS). 

The following three sections present the results of our analysis of South Africa’s performance on these dimensions in 
comparison with the Comparator countries, select African countries, and the BRICS countries.

TABLE 1.3: PUBLICATION OUTPUT OF COMPARATOR 
COUNTRIES (2001 AND 2015)

Number of scientific 
papers in WoS

Percentage world 
share

2001 2015 2001 2015

South Africa 3 850 14 670 0.46 0.88

Argentina 4 479 10 429 0.54 0.63

Chile 2 053 8 679 0.25 0.52

Greece 5 373 11 351 0.65 0.68

Malaysia 945 12 627 0.11 0.76

Mexico 5 198 14 915 0.63 0.90

Poland 10 862 29 129 1.31 1.75

Portugal 3 516 15 101 0.42 0.91

Turkey 6 559 31 838 0.79 1.92

2. World rank
In Figure 1.20, we rank the countries according to the 
number of scientific publications produced. Turkey and 
Poland are ranked highest, at positions 17 and 19 in 
the world, respectively. South Africa is ranked 5th, in 
comparison to the Comparator countries, and at position 
28 in the world in 2015. This is an improvement on its 
rank of 35 in 2001. The rank of most of the Comparator 
countries changed very little over the 15-year period. 
The exception is Malaysia whose rank improved 
dramatically from position 51 in 2001 to 34 in 2015.

FIGURE 1.20: WORLD RANK OF COMPARATOR COUNTRIES 
BASED ON THE ABSOLUTE NO. OF ARTICLES AND REVIEWS 
PRODUCED (2001-2015)

Benchmarking against 
Comparator countries
We have selected eight comparator countries that are 
sufficiently similar (on a number of indicators – see the Technical 
Appendix) to the South African research system to warrant 
comparison. The countries that were selected are Argentina, 
Chile, Greece, Malaysia, Mexico, Poland, Portugal and Turkey.

1. Number of scientific publications and 
world share
The most basic bibliometric indicator of a country’s 
contribution to research is the number of scientific 
publications produced per year. We first present the 
results of our analysis of the longitudinal trends in 
publication output between 2001 and 2015. But in 
comparing countries on this indicator, and because of 
the fact that the publication output of countries grows 
at differential rates, we also report on each country’s 
contribution to world output.In Table 1.3 we combine 
these two indicators. Figure 1.19 shows how the 
percentage world share of the Comparator countries has 
changed over the 15-year period. While all the countries 
have improved their percentage world share, Poland and 
Turkey have recorded the highest growth rates. In both 
cases, they have effectively doubled their world share. 
South Africa’s world share in 2015 of 0.88% compares well 
with the average of the Comparator countries (1.0%).

FIGURE 1.19: COMPARISON OF PERCENTAGE OF THE WORLD’S 
ARTICLES AND REVIEWS PRODUCED BY THE COMPARATOR 
COUNTRIES (2001-2015)
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3. Relative field strength
An indicator which measures whether a country (or region 
or institution) is particularly strong or active in a specific 
field, is the field specialisation or activity index. 3 Although 
we occasionally use the term ‘activity index’ in this report 
(depending on the context), our preference is for the term 
‘relative field strength’ as the term immediately signifies 
that the strength of a specific field (in terms of volume 
of output) is compared with the other fields in which the 
country publishes. 

An RFS-value of 1 (indicated by a bold line in all graphs 
below) in a field or discipline implies that this entity 
(country or region) has a world share for that field 
similar to its share in all fields combined. This is a 
‘neutral’ situation. This means that that field is not 
particularly strong or active relative to the other fields 
of the country. When the RFS-value is greater than 1, 
the country is said to be strong in that field, compared 
to other fields or disciplines for which the index is less 

3  We think that the term ‘activity’ is a reasonable descriptive of the 
construct being measured. We are less convinced of the usefulness of the 
term ‘specialisation’ as it is used in various other contexts with very different 
meanings (e.g. in debates about specialisation within academic disciplines 
over time).

than 1. Stated differently: relative to the world’s share for 
that field, the country’s share is higher. A score of 1 and 
above can be interpreted in a number of ways. It could 
be a traditionally strong field of research in a specific 
country (e.g. geosciences in South Africa) because of a 
geographic advantage. It could be a field in which increased 
investments have been made which, in turn, generated 
more research activity and output (for South Africa the 
fields of astronomy and astrophysics are cases in point). 
Or it could simply be that these fields have a particular 
historical advantage in a country because of its socio-
political history (the field of religion is an example of this in 
South Africa).

The figures below show the relative field strength for the 
Comparator countries, and how it changed over the period 
under investigation. The results show that South Africa has 
one of the more ‘well-rounded’ science systems of all the 
Comparator countries, with relatively higher activities in 
all fields – except for engineering and (to a lesser extent) 
the health sciences. Chile’s profile is very similar to that 
of South Africa. In most of the Comparator countries, the 
‘weakest’ field is the humanities, while agricultural sciences 
recorded above average RFS values.
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FIGURE 1.21: RELATIVE FIELD STRENGTHS, IN SIX LARGE SCIENTIFIC DISCIPLINES, OF THE COMPARATOR COUNTRIES (2001-2008 
AND 2009-2015)
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4. Research collaboration
Research collaboration is a sociological phenomenon 
which has attracted the attention of researchers and 
governments both locally and internationally (Yeung 
et al. 2005, cited in Pouris & Ho 2014). According to 
Wagner (2002), governments use collaboration as a policy 
instrument for technology transfer between universities 
and industry; for scientific and technological transfer from 
a foreign country; for enhancement of diplomatic relations 
with other nations; and for political gains. Evidently, 
collaboration is argued to be a key element of science, 
technology and innovation policy, and thus governments 
support it through huge investments (Pouris & Ho 2014; 
Wagner 2002). 

Generally, the key factor behind the significance of 
scientific collaboration rests on its channelling of 
knowledge flows among scientists. Research collaborations 
have a central role in knowledge creation and innovation. 
Innovation and creativity are reliant on the presence of 
ideas which can create new knowledge, and collaboration 
is a key platform for harnessing and developing these 
important ideas (Katz & Martin 1997; Lee & Bozeman 
2005). Toivanen and Ponomariov (2011: 473) argue that 
“this dynamics [sic] is particularly important for developing 
countries, such as many in Africa, with limited national 
knowledge stocks, infrastructure/instrumentation, and 
human capital.” In this case, collaborative research offers 
important channels for building up local scientific capacity 
(Katz & Martin 1997; Lee & Bozeman 2005). 

Collaborating both internationally and nationally with 
renowned scientists is claimed to be a great determinant 
for the enhancement of scientific quality (Narin et al. 
1991) and scientific output (see Borghei et al. 2013). 
Collaborative work is also claimed to result in faster 
diffusion of scientific knowledge (Ponds 2009). According 
to Beaver (2001), collaborative research enhances 
feedback, recognition, dissemination and visibility amongst 
scientists. This is based on the assumptions that each actor 
in the collaborative activity comes with a ‘network’ of 
fellow scientists, who are keen on the research; that each 
actor of the collaboration invested in the collaborative 
research is a visible member of the team; and that 
each individual brings a ‘favourable reputation’ to the 
collaborative research. 

Collaborations happen at various levels of the research 
system: “between research groups within a department, 
between departments within the same institution, between 
institutions, between sectors, and between geographical 
regions and countries” (Smith & Katz 2000: 33). 
Importantly, collaborations mainly occur between 
individuals. Thus, the basic unit of research collaboration 
is deemed to be between two or more scientists. In other 
words, it is people – and not institutions – who participate 
in collaborative activities (Smith & Katz 2000). 

Another important element that needs to be emphasised 
is the emergence over the past two decades of large 
international endeavours, which result in a high volume 
of publications with an extensive list of co-authors from 
various countries, most of whom do not know each 
other or have never collaborated together. A large part 
of this increase in production (yet to be calculated) 
relates to ‘big science’ projects, such as international 
health projects in the Global Health Network or very 
large particle-physics projects such as ATLAS (Boisot, 
Nordberg, Yami, & Nicquevert 2011). Kahn (2018) shows 
that, in the case of South Africa, the surge of international 
co-authorship is mostly the result of these collaborative 
projects rather than active cooperation and partnerships. 
These megaprojects blur the distinction between genuine 
collaborations among researchers and research units 
that indeed have worked together, and participation in 
large collaborative networks, funded globally, where units 
contribute to the knowledge base without necessarily 
being interconnected. 

Finally, from the point of view of researchers, in some 
cases international cooperation can be seen as ‘time- 
consuming, costly and often one-sided’, as was found to be 
the case in a survey of social sciences researchers in South 
Africa (CREST 2014: 53). Although this might appear as 
strange and counter-intuitive, it relates to the framework 
in which collaborations take place. Collaborations are 
welcome when they are the product of initiatives ‘from 
the ground’, or follow tracks of well-established former 
contacts and require no significant additional effort. 
When levels of training and types of interrogations are 
very different, entailing some important effort in mutual 
understanding, collaborations will usually be rejected. 

Collaboration is influenced by disciplinary factors as 
reflected by the nature of the work in a scientific field, 
as well as the different traditions, cultures and practices 
of a given discipline (Fry & Talja 2007; Lee & Bozeman 
2005; Melin 2000). Several studies have confirmed that 
collaboration levels and co-authorships vary with scientific 
field or discipline (Duque et al. 2005; Katz & Martin 1997). 
Furthermore, co-authorship practices in different scientific 
fields are guided by different social norms. Melin (2000) 
notes that the readiness and need to collaborate, as well 
as the forms under which collaboration is done, varies 
between different scientific fields. For instance, in the 
medical sciences, scientists always work together in teams 
and often collaborate with other teams. This is seldom 
the case in the humanities where there are few teams and 
collaborations are uncommon. 

Other studies have also claimed that scientists in 
theoretical fields collaborate less and have lower 
productivity levels compared to those in ‘experimentally-
intensive’ or ‘applied fields’ like engineering (Katz & Martin 
1997; Lee & Bozeman 2005). In a study with USA scientists, 
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Lee and Bozeman (2005) observed high collaboration 
in the engineering fields compared to biology and the 
life sciences. They also established differences in the 
productivity levels for the different fields, with chemistry 
reporting the highest number of research publications and 
computer science the lowest. The relationship between 
scientific field and patterns in research collaboration is 
specifically addressed in this report in Part Three in our 
assessment of scientific field performance.

Figure 1.22 below presents the trends in international 
research collaboration 4 for the Comparator countries. 
The average proportion of multi-country authored papers 
for the Comparator countries increased slightly from 
40% in 2001 to 46% in 2015. But these averages mask 
some significant country differences. For example, Turkey 
consistently recorded the lowest proportions over this 
period: from 19% in 2001 to 21% in 2015. The highest 
proportions of internationally co-authored papers were 
recorded for Chile (from 51% in 2001 to 63% in 2015) and 
Portugal (from 51% in 2001 to 57% in 2015). Poland’s share 
of internationally collaborative papers actually declined 
from 39% to 34% over this period. South Africa’s share of 
internationally collaborative papers increased significantly 
from 34% in 2001 to 52% in 2015.

FIGURE 1.22: PERCENTAGE OF THE COMPARATOR 
COUNTRIES’ TOTAL PUBLICATION OUTPUT AS A RESULT 
OF INTERNATIONAL COLLABORATION (2001-2015)

 

One of the biggest factors that impacts on research 
collaboration is the shape of knowledge production in a 
country. Because of the huge differences in publication 
practices (which include authorship configurations) 
across scientific fields, those countries with strong or 
above average strengths in high multiple authorship fields 
(e.g. in astronomy, astrophysics, and the life and health 

4  ‘International research collaboration’ refers to all scientific articles by 
a country in which there is at least one author from another country in 
addition to the author(s) from the reference country.

sciences) will typically have higher collaboration rates. 
However, if a country is particularly strong in those 
fields where multiple authorship is not as prevalent (e.g. 
humanities, mathematics, and engineering), this will be 
reflected in their overall collaboration profiles. 

A comparison of the different shapes or configurations 
of research output for the Comparator countries (2015 
data) is presented in the graph below. The profiles differ in 
subtle ways which are commensurate with the RFS-profiles 
presented in Figure 1.21. 

FIGURE 1.23: DISTRIBUTION OF SCIENTIFIC FIELDS BY 
COMPARATOR COUNTRIES (2015)

The relatively high proportion of social sciences 
research for South Africa (19%) stands out, as does 
the disproportionately high contribution of engineering 
sciences to research publication output in Malaysia (29%). 
As far as the engineering sciences are concerned, South 
Africa, Argentina, Chile and Greece recorded below 
average shares. The health sciences contribute more to 
the overall research output of Turkey (37%) and Greece 
(31%) and are well above the average for the Comparator 
countries (25%). All countries have sizeable proportions 
of output in the natural sciences. The ‘outlier’ is Turkey 
whose output in the field of 28% is well below the average 
of all Comparator countries (36%). The humanities 
consistently contribute small shares to national output: 
South Africa’s proportion of 8% is the highest.

5. Citation impact
The number of times a scientific publication is cited is first 
and foremost understood to be a measure of the visibility 
of the publication, and the recognition of its value to other 
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scholars in the same field. Although scientists cite the 
publications of other scientists for many different reasons,5 
the citation rate of a publication over time is understood 
to refer to the citation impact of that publication within 
the scientific community.

Since citation practices differ vastly between scientific 
disciplines, it is not possible to simply compare the raw 
numbers of citations received by publications in different 
disciplines. A common indicator that overcomes this problem 
is the MNCS which is normalised for both the scientific 
disciplines associated with a publication as well as the year 
it was published. An MNCS of 2, for instance, means that 
the publications of the country (in this case) have been cited 
twice above the average of the fields in which they published 
in a specified year or citation window. As a rule of thumb, 
we use a convention established by Centre for Science and 
Technology Studies (CWTS) at the University of Leiden. 
According to this convention, an MNCS of 1 means that a 
country’s citation impact is commensurate with the world 
average in the selected fields. A MNCS between 0.8 and 1.0 
is regarded as reasonably good, while an MNCS between 1.0 
and 1.2 is considered to be good. Anything above the value of 
1.2 is regarded as very good.

Figure 1.24 shows the MNCS for the Comparator 
countries and how these have changed over the years. 
Until 2011, Portugal consistently had the highest MNCS, 
but in 2012 it was overtaken by Greece, both of them 
recording above average values. In 2001, four countries had 
a below average MNCS, but Argentina and Poland managed 
to improve into the average zone. Turkey has remained 
consistently below average. South Africa has improved its 
MNCS from 0.80 in 2001 to 1.06 in 2015.

FIGURE 1.24: MNCS OF ALL ARTICLES AND REVIEWS 
PRODUCED BY THE COMPARATOR COUNTRIES (2001-2015)

 

5  In a classic study, Eugene Garfield (1962) distinguished no less than 
15 different reasons behind citing another publication.

One of the well-established truisms in the field of 
bibliometrics refers to the strong correlation between 
international collaboration and citation impact 
(Larivière et al. 2014). Numerous studies over the years 
have shown that increased collaboration correlates 
strongly with citation visibility. In the figure below, 
we plot the relationship between the values on these 
two indicators (% of international collaboration and 
citation impact as measured by the MNCS) for the 
Comparator countries.

FIGURE 1.25: SCATTERPLOT OF PERCENTAGE INTERNATIONAL 
COLLABORATION VERSUS MNCS FOR COMPARATOR 
COUNTRIES (2015)

 

The results confirm the relationship between collaboration 
and impact. The country with the lowest proportion of 
internationally collaborative papers (Turkey) also recorded 
the lowest citation impact score. Most of the countries 
are close to the regression line. It is also worth noting that 
Greece, with the highest overall MNCS (1.3), produces 
significant research publications in a high density field such 
as the health sciences (31%), compared to countries with 
similar proportions of international collaboration such 
as Chile and Portugal. In both these countries, the health 
sciences contribute 20% and 23%, respectively, to national 
output. However, one should be careful to extend this 
argument too far as other factors besides field also affect 
citation impact. A case in point is Turkey where the health 
sciences make the biggest contribution (37%) to national 
output, but both international collaboration and impact 
remain low.6 

It is also important to take into account the role of 
language in international collaborations and the fact that 
publications from non-English-speaking countries are 
under-represented in the major bibliometric databases.

 

6  Jacques Gaillard (2010) comments on the fact that Turkey, China and 
Brazil have much lower levels of foreign co-authorship, and that in these 
three cases it is a choice to promote national publications that is reflected in 
the output measured by bibliometrics.
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Benchmarking against selected 
African countries
1. Introduction7

In Tijssen (2007) the author showed how Africa’s annual 
research output – as measured by articles in the WoS – 
was stagnating at that time. More recent studies (AOSTI 
2014; Mouton & Boshoff 2010) have shown that the tide 
has since turned, and that the number of African-authored 
papers has started to increase. Updating these studies 
with our analysis of African-authored papers in WoS 
shows how annual output has been steadily increasing 
over the past decade: from 15 285 in 2005 to 54 069 in 
2016 (Figure 1.26). What is perhaps most striking is that 
this rate of increase has surpassed the world growth rate 
over the same period, with the result that Africa’s share of 
world publication output nearly doubled from 1.5% in 2005 
to 3.2% in 2016.

FIGURE 1.26: AFRICA’S PUBLICATION OUTPUT AND WORLD 
SHARE (2005-2016)

Annual article output by country shows the continued 
dominance of South Africa (28.2% share of all African 
papers), followed by strong contributions from Egypt 
(19.6%), Tunisia (9.2%) and other Maghreb countries 
(Algeria and Morocco), together with smaller but 
significant contributions from Nigeria and the three 
Eastern African countries (Kenya, Uganda and Tanzania). 
The data also show how skewed the distribution of 
publication production on the African continent is. The 
combined publication output of the northern African 
countries and South Africa constitutes more than two 
thirds (69.2%) of the entire continent’s publications. 
Thirteen countries that have each contributed 1% or more 
of total output in the most recent five-year period, account 
for 89% of all output. Table 1.4 below lists the number of 
publications per country for two periods (2005-2010 and 
2011-2015). We also present information on each country’s 

7  The introductory section borrows extensively from a recent book 
by CREST on The next generation of scientists in Africa (2018) published by 
African Minds and available as a free PDF at http://www.africanminds.co.za/
wp-content/uploads/2018/10/AM-The-Next-Generation-of-Scientists-in-
Africa-TEXT-WEB-11112018-1.pdf.

share of Africa’s total publication output for each time 
period. The final column indicates by colour whether the 
country’s share improved (green) from the early to later 
period; whether it declined (red); or whether it basically 
stayed the same (yellow).

TABLE 1.4: COUNTRY SHARES OF AFRICA’S PUBLICATION 
PRODUCTION

Country

No. of 
pubs 
2005-
2010

Country 
share 
2005-
2010

No. of 
pubs 
2011-
2015

Country 
share 
2011-
2015

Change 
in share

South Africa 53 072 29.1% 77 687 28.2%

Egypt 32 267 17.7% 54 000 19.6%

Tunisia 16 546 9.1% 25 420 9.2%

Algeria 10 519 5.8% 18 313 6.6%

Nigeria 13 583 7.5% 16 717 6.1%

Morocco 9 295 5.1% 14 140 5.1%

Kenya 6 954 3.8% 9 767 3.5%

Uganda 3 666 2.0% 5 651 2.1%

Ethiopia 2 934 1.6% 5 569 2.0%

Tanzania 3 707 2.0% 5 034 1.8%

Ghana 2 832 1.6% 4 962 1.8%

Cameroon 3 441 1.9% 4 463 1.6%

Senegal 1 877 1.0% 2 635 1.0%

Sudan 1 438 0.8% 2 393 0.9%

Malawi 1 549 0.9% 2 356 0.9%

Zimbabwe 1 691 0.9% 2 137 0.8%

Burkina Faso 1 379 0.8% 1 938 0.7%

Zambia 1 190 0.7% 1 853 0.7%

Benin 1 051 0.6% 1 650 0.6%

Botswana 1 370 0.8% 1 604 0.6%

Libya 1 046 0.6% 1 496 0.5%

Cote d’Ivoire 1 169 0.6% 1 471 0.5%

Madagascar 1 021 0.6% 1 333 0.5%

Mozambique 689 0.4% 1 198 0.4%

Reunion 790 0.4% 1 108 0.4%

Mali 1 009 0.6% 1 077 0.4%

Rwanda 407 0.2% 1 068 0.4%

Namibia 552 0.3% 931 0.3%

Mauritius 460 0.3% 817 0.3%

DR Congo 391 0.2% 769 0.3%

Gabon 624 0.3% 738 0.3%

Gambia 686 0.4% 730 0.3%

Congo 610 0.3% 715 0.3%

Niger 468 0.3% 664 0.2%

Togo 307 0.2% 435 0.2%

Sierra Leone 106 0.1% 360 0.1%

Guinea 182 0.1% 326 0.1%

Angola 169 0.1% 314 0.1%

Swaziland 195 0.1% 261 0.1%

Seychelles 153 0.1% 212 0.1%
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Country

No. of 
pubs 
2005-
2010

Country 
share 
2005-
2010

No. of 
pubs 
2011-
2015

Country 
share 
2011-
2015

Change 
in share

Burundi 87 0.0% 169 0.1%

Lesotho 135 0.1% 167 0.1%

Mauritania 136 0.1% 163 0.1%

Liberia 39 0.0% 146 0.1%

Chad 113 0.1% 136 0.0%

Eritrea 164 0.1% 114 0.0%

Cabo Verde 47 0.0% 109 0.0%

Djibouti 23 0.0% 59 0.0%

Somalia 11 0.0% 57 0.0%

Comoros 22 0.0% 28 0.0%

South Sudan 2 0.0% 7 0.0%

Western 
Sahara

3 0.0% 1 0.0%

182 177 275 468

In order to correct for the size of the countries, we divided 
the number of publications by the size of the population 
for each relevant year. We again compare the countries on 
this normalised indicator, for the same two periods, in the 
following two graphs. The comparison between the two 
time periods reveals some shifts in the rank of countries 
according to per capita number of publications.

TABLE 1.5: SUMMARY OF PER CAPITA OUTPUT FOR SOUTH 
AFRICA AND AFRICAN COUNTRIES

Per capita 
output

Countries 
(2005-2010)

Per capita 
output

Countries 
(2011–2015)

1 (pubs 100-200) South Africa 
and Tunisia

1 (pubs 200-300) Tunisia

2 (pubs 50-100) Botswana 2 (pubs 100-200) South Africa

3 (pubs 20-50) Morocco, 
Egypt, 
Gabon, 
Algeria and 
Namibia

3 (pubs 50-100) Botswana 
and Egypt

4 (pubs 10-20) Zimbabwe, 
Malawi, 
Kenya, Libya, 
Cameroon, 
Ghana and 
Senegal

4 (pubs 20-50) Namibia, 
Ghana, 
Cameroon, 
Morocco, 
Algeria and 
Libya

 

In the remainder of this section, we compare South Africa’s 
research performance over the past 15 years with eight 
African countries. These countries were selected because 
they are among the top-performing countries on the 
continent. Two of the strongest countries on the continent 
(Ghana and Nigeria; see previous tables) were excluded 
because of a lack of recent R&D data that are required for 
comparisons on indicators related to research expenditure 
and research capacity. We also selected countries to 

reflect the different regions of the continent.8 The final 
list of countries included are: Botswana, Egypt, Ethiopia, 
Kenya, Senegal, the United Republic of Tanzania, Tunisia 
and Uganda.

8 See the Technical Appendix for a discussion of how we selected these 
eight countries.

FIGURE 1.27: NORMALISED OUTPUT BY COUNTRY (2005-2010)

  

 

FIGURE 1.28: NORMALISED OUTPUT BY COUNTRY (2011-2015)
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3. World rank
The findings in the previous section are mirrored in 
Figure 1.30, where South Africa is ranked highest (28) in 
this group of countries in 2015, followed by Egypt (36) 
and Tunisia (49). Two countries (Kenya and Botswana) 
recorded sharp declines in their rank positions between 
2001 and 2015.

FIGURE 1.30: WORLD RANK OF SELECTED AFRICAN 
COUNTRIES BASED ON THE ABSOLUTE NO. OF ARTICLES AND 
REVIEWS PRODUCED (2001-2015)

 

4. Relative field strength
The relative field strength or activity profiles for South 
Africa, in comparison with the selected African countries, 
are presented below. As commented above, South 
Africa has the most well-rounded science system in this 
group with above average activities in all but two fields 
(engineering and health sciences). Some of the salient 
points are:

• Most African countries are relatively strong in 
agricultural and health sciences. 

• The two northern African countries (Egypt and Tunisia) 
are also relatively active in engineering sciences.

• With the exception of South Africa, none of the selected 
African countries recorded relatively high activities in 
the humanities.

• Four countries (Botswana, South Africa, Uganda 
and Tanzania) recorded some strengths in the social 
sciences. In Uganda and Tanzania this would relate to the 
existence of some strong research institutes at Makerere 
University and the University of Dar es Salaam.

• The RFS profiles of Ethiopia and Senegal can be 
described as one-dimensional with few significant 
strengths outside of the agricultural sciences (aside from 
some activity in the health sciences).

2. Number of scientific publications and 
world share
Table 1.6 and Figure 1.29 present data on the number of 
scientific papers in the WoS and the relative world share 
of the selected countries. The results show the dominance 
of South Africa in Africa both in absolute numbers of 
publications and world share. South Africa has the highest 
percentage world share in this group, followed closely by 
Egypt. The longitudinal trends show that South Africa, 
Egypt and Tunisia (and to a lesser extent Kenya) increased 
their respective world shares quite substantially over the 
past 15 years. The world shares of the other countries 
increased minimally. 

TABLE 1.6: PUBLICATION OUTPUT OF SELECTED AFRICAN 
COUNTRIES (2001 AND 2015)

No. of scientific 
papers in WoS CAGR World share

2001 2015 2001 2015

South Africa 3 850 14 670 10.0% 0.46 0.88

Botswana 111 275 6.7% 0.01 0.02

Egypt 2 429 10 953 11.4% 0.29 0.66

Ethiopia 203 1 315 14.3% 0.02 0.08

Kenya 527 1 865 9.4% 0.06 0.11

Senegal 161 513 8.6% 0.02 0.03

Tunisia 680 4 228 13.9% 0.08 0.25

Uganda 179 1 110 13.9% 0.02 0.07

Tanzania 209 1 039 12.1% 0.03 0.06

FIGURE 1.29: COMPARISON OF PERCENTAGE OF THE WORLD’S 
ARTICLES AND REVIEWS PRODUCED BY SELECTED AFRICAN 
COUNTRIES (2001-2015)
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FIGURE 1.31: RELATIVE FIELD STRENGTHS, IN SIX LARGE SCIENTIFIC DISCIPLINES, OF SELECTED AFRICAN COUNTRIES (2001-2008 
AND 2009-2015)
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5. Research collaboration
The trends in international research collaboration 
are interesting as they show that most of the African 
countries produce publications with high proportions of 
foreign authors. For the most part, these proportions 
have been consistently high over the past 15 years. The 
three countries that have shown the largest increases in 
international collaboration are Egypt (from 27% in 2000 to 
57% in 2015), South Africa (from 34% in 2000 to 52% in 
2015), and Botswana (from 32% in 2000 to 77% in 2015). 

FIGURE 1.32: PERCENTAGE OF SELECTED AFRICAN 
COUNTRIES’ TOTAL PUBLICATION OUTPUT AS A RESULT OF 
INTERNATIONAL COLLABORATION (2001-2015)
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Pouris and Ho (2014) have noted that shares of 
internationally co-authored papers have increased in high 
proportions in all African countries from 2007 to 2011. 
In some cases, as mentioned by Boshoff (2009) and evident 
in our analyses, the proportion of foreign co-authored 
papers is very high (more than 80% in scientifically 
‘small’ countries of Central Africa). In a survey of African 
co-authors, the respondents indicated that they were 
mostly in charge of empirical fieldwork and data collection 
(ibid.). We witness the same phenomenon for three of the 
smaller countries (at least in terms of research intensity) in 
our sample: Uganda, Tanzania and Kenya.

A second explanation for these high proportions of 
international collaboration relates to the link between 
scientific field and patterns of research collaboration. 
Given the relative strength of many African countries in 
high collaboration intensity fields such as agricultural and 
the health sciences, these results are not unexpected. 
But one should add here that many of these African 
research systems remain highly dependent on overseas 
funding for research. This funding is very often linked to a 
‘northern’-based principal investigator (USA or EU), who, 
by default, is indicated as an international co-author of 
papers emanating from this research. 

The second Africa Innovation Outlook report (2014) 
reported Africa’s GERD by funding sources for six 
countries that completed the R&D survey. The report 
shows that some countries, such as Mozambique, Burkina 
Faso and Uganda, received more than 50% of their R&D 
funding from foreign sources (Figure 1.33). 

FIGURE 1.33: PROPORTION OF INTERNATIONAL FUNDING FOR 
R&D BY COUNTRY (2010 OR LATEST YEAR)

 

Source: UIS.Stat, the South African R&D survey (CeSTII 2018) and 
ASTII (2014: 32)

Note: In addition to the comparison with the selected African countries 
in this report (in yellow), we have added a few other countries for better 
contextualisation.

To illustrate this over-reliance on foreign funding, the 
figure below reflects the sources of funding for Makerere 
University, Uganda’s flagship university. Of all of Makerere’s 
funders over the 12-year period between 2000 and 2012, 
the Uganda National Council for Science and Technology 
(UNCST) was the only local funder. 9 Makerere University 
has sustained much of its research activities through the 
assistance of external funders, among which are two 
European countries (Norway and Sweden), the USA, 
two foundations and the EU.

FIGURE 1.34: SOURCE OF R&D FUNDING AT MAKERERE 
UNIVERSITY (2000-2012) (US$)

 

Source: Kasozi (2017: 97)
Data notes:  PHEA = Partnership for Higher Education in Africa;  

UNCST = Uganda National Council for Science and Technology; 
MSI = Millennium Science Initiative of the UNCSTl;  
DFID = Department for International Development, UK;  
IDRC = International Development Research Centre;  
CDC = Centers for Disease Control and Prevention;  
USAID = US Agency for International Development

In a recent analysis of funding acknowledgements in 
the WoS, Kozma, Medina, & Costas (2018) show how 
non-African funders dominate research funding on the 
continent. The exceptions to this rule are northern African 
countries (Tunisia and Morocco) and South Africa.

 For countries like Egypt or Morocco, their local funders 
(e.g. the Ministry of Higher Education of Egypt or the 
Centre National pour la Recherche Scientifique et Technique 
in Morocco) are at the same level of activity as other 
foreign funders. In Tunisia the strongest funder is the 
Ministry of Higher Education and Scientific Research, but 
still with a lower presence in the output of the country. 
For countries like Nigeria or Algeria there are no strong 
local or foreign funders that play a strong role in their 
scientific production. All in all, the whole production of 

9  Over this 12-year period, UNCST contributed a total of $1 245 898 
directly and $2 134 453 through the Millennium Science Initiative (MSI), a 
programme funded mainly by/through the World Bank (2016).
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the continent is characterized by the presence of non-
African funders, being the European Union, the  NIH 
(National Institutes of Health) or the Wellcome Trust 
some of the most important examples. From an African 
perspective, the role of South African funders (e.g. the 
NRF, the South African Medical Research Council, or 
the South African Universities) is predominant in the 
continent, not highlighting other major funders from 
other countries; leave aside the case of the Ministry of 
Higher Education and Scientific Research of Tunisia.

The analyses in this section highlight how inter-related 
trends in funding, research collaboration and citation 
impact are. The results also show that the term ‘research 
collaboration’ requires further unpacking and clarification. 
We return to this issue at the end of Part Two.
 

6. Citation impact (MNCS)
The number of times a scientific publication is cited is 
first and foremost understood to be a measure of the 
visibility of the publication and the recognition of its value 
to other scholars in the same field. As pointed out in our 
discussion of the benchmarking against the Comparator 
countries, an MNCS of 1 means that a country’s citation 
impact is commensurate with the world average in the 
selected fields. An MNCS between 0.8 and 1.0 is regarded 
as reasonably good, while an MNCS between 1.0 and 1.2 is 
considered to be good. Anything above the value of 1.2 is 
regarded as very good.

The results presented below show how the African 
countries have increased their citation impact over the past 
16 years. The average MNCS value for all African countries 
increased from 0.7 in 2000 to a very good 1.3 in 2015.

FIGURE 1.35: MNCS OF ALL ARTICLES AND REVIEWS 
PRODUCED BY SELECTED AFRICAN COUNTRIES (2001-2015)

 

In the previous section, we observed how international 
collaboration has increased substantially over the same 
period for the Comparator countries. As in our discussion 
of the selected African countries, we have also plotted the 
shares of international collaboration against the citation 
impact (MNCS). The results confirm the existence of a 
strong relationship between collaboration and citation 
impact (2015 values compared). As expected, we find two 
very distinct clusters of countries which coincide with 
the patterns in research collaboration. In the concluding 
discussion of Part One, we return to some of the 
underlying drivers of these results.

 
FIGURE 1.36: PERCENTAGE INTERNATIONAL COLLABORATION 
IN COMPARISON TO MNCS FOR SOUTH AFRICA AND 
SELECTED AFRICAN COUNTRIES (2015)
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Benchmarking against the 
BRICS countries
1. Number of scientific publications and 
world share
All five BRICS countries improved their relative share 
of world scientific publications between 2001 and 2015. 
South Africa’s share of world scientific publications over 
this period increased from 0.46% in 2001 to 0.88% in 2015 
(Figure 1.37). As has been found in many other studies, 
China has seen tremendous growth in its world share, 
dwarfing the progress of other countries. Its world share 
increased fourfold from 4.2% in 2001 to 17.5% in 2015. 
Russia is the only one of the five BRICS countries that saw 
a decline in world share (from 3.05% to 2.3%).

FIGURE 1.37: COMPARISON OF PERCENTAGE OF THE 
WORLD’S ARTICLES AND REVIEWS PRODUCED BY THE BRICS 
COUNTRIES (2001-2015)

 

 
TABLE 1.7: PUBLICATION OUTPUT OF BRICS COUNTRIES 
(2001 AND 2015)

Number of scientific 
papers in WoS

World share

2001 2015 2001 2015

South Africa 3 850 14 670 0.46 0.88

Brazil 11 396 48 658 1.37 2.93

Russia 25 339 38 223 3.05 2.30

India 17 894 70 197 2.15 4.22

China 34 931 291 019 4.20 17.50

2. World rank
Figure 1.38 ranks the BRICS countries according to the 
absolute numbers of scientific publications produced. 
We see that China has increased its rank from 6th in the 
world in the early 2000s to 2nd in 2006. Both India and 
Brazil have surpassed Russia, and all three of them end up 
ranking 15th or higher. South Africa is a long way down the 
ranking, only recently having increased past 30. It should be 
noted that both the percentage world share and the world 
rank are size-dependent indicators.

FIGURE 1.38: WORLD RANK OF BRICS COUNTRIES BASED 
ON THE ABSOLUTE NUMBER OF ARTICLES AND REVIEWS 
PRODUCED (2001-2015)

 

3. Relative field strength
A comparison across the BRICS countries shows that 
South Africa has a reasonably ‘well-rounded’ science 
system, with agricultural sciences, social sciences and 
the humanities the strongest fields, especially over the 
most recent period. All other countries have little to no 
activity in the humanities, at least at a globally accessible 
scale. China and Russia place a high priority on the natural 
sciences, and engineering and applied sciences. India shows 
this to a lesser degree, placing more emphasis on the 
agricultural sciences. Brazil is very strong in agricultural 
sciences and average in the health and natural sciences.

4. Research collaboration
The percentage of each of the BRICS countries’ publications 
that are co-authored by researchers from different countries 
is shown in Figure 1.40. South Africa has increased its 
collaboration over the 15-year period, from 37% in 2001 
to 52% in 2015. International collaboration patterns for 
the other four BRICS countries have remained mostly 
unchanged over this period: India being the lowest at an 
average of 20%, followed by China (23%), Brazil (29%) and 
Russia (34%). 

FIGURE 1.40: PERCENTAGE OF BRICS COUNTRIES’ TOTAL 
PUBLICATION OUTPUT AS A RESULT OF INTERNATIONAL 
COLLABORATION (2001-2015)
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5. Citation impact (MNCS)
Figure 1.41 shows the MNCS for the BRICS countries 
and how it has changed over the years. South Africa 
consistently has the highest MNCS and it has also 
increased steadily over the years. While China started 
out below average, it has nearly mirrored South Africa’s 
steady increase. On the other hand, Brazil, India and 
Russia have shown less of an increase and have remained 
below average.

FIGURE 1.41: MNCS OF ALL ARTICLES AND REVIEWS 
PRODUCED BY BRICS COUNTRIES (2001-2015)
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FIGURE 1.39: RELATIVE FIELD STRENGTHS, IN SIX LARGE SCIENTIFIC DISCIPLINES, OF BRICS COUNTRIES (2001-2008 AND 2009-2015)
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Summary scorecard of international 
benchmarking
In concluding this section of the report, we present a 
summary scorecard of the key indicators and show how 
South Africa compares with the other countries. In 
each case we compare the South African value on the 
indicator with the mean value of the same indicator for the 
other countries. 10

Discussion
The comparison between South Africa and the eight 
Comparator countries needs to be read against 
the decision criteria that were applied to select the 
Comparator countries. These criteria were mostly related 
to investment in R&D and research capacity indicators. 
It is therefore not surprising that South Africa compares 
favourably with these countries on GERD/GDP as well as 
most of the bibliometric indicators. 

Compared to the Lead countries in the world, South Africa 
spends much less on R&D. In addition, South Africa also 

10  In all these comparisons, South Africa is excluded from the other sets 
of countries.

TABLE 1.8: SUMMARY SCORECARD OF INTERNATIONAL BENCHMARKING

Dimension Indicator RSA Lead 
countries+

Comparator 
countries 

BRIC 
countries

Selected 
African 

countries

Investment 
in research

GERD/GDP 0.80 3.42 0.87 1.26 0.59

GERD per capita (PPP$) 105.3 1 644.5 218.9 198.8 37.1

GERD funded by business 38.9% 60.3% 35.3% 49.6%* 6.7%

Percentage basic research 25.4% 19.4%* 29.6%* ^ 29.5%*

Percentage experimental 
development

27.1% 54.2%* 28.3%* ^ 23.6%*

Research capacity Researchers in thousands (FTE) 26 678 52 634 13

Researchers per million 
inhabitants (FTE)

473 6 868 1 797 1 349 436

Research output Number of publications in WoS 14 670 - 16 759 112 024 2 662

Rate of increase in number of 
publications (2001-2015)

9.4% - 8.6% 11.3% 9.7%

World rank 28 - 29 - 72

World share of publications 0.88% - 1.01% 6.7% 0.16%

Research 
collaboration

Proportion of internationally  
co-authored publications

52% - 46% 28% 74%

Citation impact MNCS 1.06 - 0.97 0.80 1.3

Data notes:  *Data not available for all countries in the set.
 ^ Data only available for one country. 
 - Not calculated.
 BERD data not available for (BRIC) India. 
 Percentage basic research data not available for (Lead) Sweden and Germany; (Comparator) Turkey; (BRIC) Brazil, India and Russia; (African) 

Botswana, Egypt, Senegal and Tunisia.
  Percentage experimental development data not available for (Lead) Sweden and Germany; (Comparator) Turkey; (BRIC) Brazil, India and 

Russia; (African) Botswana, Egypt, Senegal and Tunisia.

does not compare well with the Comparator countries on 
GERD per capita, where we invest about half as much as 
these countries expend ($105 versus $218) and 15 times 
less than the average for the Lead countries. 

But perhaps the biggest differences relate to research 
capacity. The Comparator countries have, on average, 
twice as many researchers per thousand of the population 
(FTE) and three times the number of researchers per 
million of inhabitants (FTE) than South Africa. On these 
latter two indicators, South Africa’s profile is much more 
similar to the average for the selected African countries. 
The comparison with the Lead countries on these two 
indicators makes for depressing reading: the average Lead 
country has 15 times more researchers per million of the 
population than South Africa.

As far as research collaboration is concerned, one of 
the more interesting and perhaps counter-intuitive results 
relates to the proportions of internationally co-authored 
papers. For South Africa, this proportion in 2015 was 52% 
which compares favourably with the mean value for the 
Comparator countries of 46%. The surprising result is 
the very high average rate of international collaboration 
(74%) for African countries in 2015. There are at least 
two explanations for this finding. Firstly, it should be kept 
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in mind that research collaboration patterns differ hugely 
across scientific fields, and that research collaboration is 
typically much higher in fields such as agriculture and health 
sciences (compared, for example, to the humanities and 
social sciences as well as fields like engineering sciences 
and mathematics). The field profiles for African countries 
presented above clearly show that most of these countries 
are particularly active in the agricultural sciences followed 
by the health sciences. Secondly, research collaboration 
as measured by co-authorship of papers typically reflects 
deeper issues around the political economy of science in 
a country or region. The authorship patterns in especially 
the health and agricultural sciences, for example, are 
often indicative of the major sources of funding for 
the underlying research as well as recent trends in big 
science studies. We have already discussed the former 
issue (high reliance on foreign funding) in the main text. 
As to the latter issue (big science), a good example is 
the research being conducted under the auspices of the 
Global Health Network where large teams from across 
the world are put together to address the challenges of 
tropical diseases (such as malaria) and to conduct clinical 
trials in many fields. In these cases, multiple authorship is 
the norm and often consists of tens and even hundreds of 
authors from numerous countries. Whether the articles 
that are published from these studies always reflect ‘real’ 
collaboration or simply the project management realities of 
big science is a matter for debate.

Another way to understand patterns of research 
collaboration is to compare the proportions of 
international with national (within-country) collaborations. 

All things being equal, one would expect some 
collaboration intensity within a country, as this would signal 
that there is a critical mass of relatively strong research 
institutions which find it worthwhile to collaborate with 
each other on research. This is certainly the case in many 
of the top-performing countries in the world. In fact, in the 
leading country in 2012 – the USA – equal proportions of 
its papers were internationally and nationally co-authored 
papers (just over 30%) (Elsevier 2013). Another 30% 
were institutional (single-institution-authored papers). 
In the UK, national collaboration is more prevalent than 
international collaboration. For the Lead countries in 
Europe (UK, France and Germany), the modal value for 
international comparison was between 40% and 50%. 
The picture for most of the selected African countries 
(see figure below) is very different, with most of the 
countries recording proportions of national collaboration 
below 30% and, in some cases, even 20%. 

As far as the citation impact of South Africa’s papers 
is concerned, the results show that we perform 
well in comparison with the Comparator countries 
(1.01 compared to 0.97). The surprising result is the 
relatively high MNCS values for African countries (1.3). 
As we have argued, the most plausible explanation for this 
relates to the well-established correlation between citation 
impact and the intensity of international collaboration. 
Various bibliometric studies have shown that citation 
impact increases as international collaboration increases. 
The graph below shows this relationship for all countries 
included in the international benchmarking of South 
Africa’s research performance. 

FIGURE 1.42: COMPARISON OF PERCENTAGE NATIONAL 
COLLABORATION FOR SOUTH AFRICA AND SELECTED 
AFRICAN COUNTRIES (2015)
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Concluding assessment
The main findings from our international benchmarking of 
South Africa’s research performance can be summarised 
as follows:

• South Africa invests too little in R&D. This is perhaps 
best illustrated by the fact that, when compared to eight 
very similar research systems, our investment is less than 
half of their mean investment. In 2015, we were ranked 
in position 44 on GERD/GDP in the world.

• The research capacity in the country is too small and 
needs to be expanded as a matter of urgency. Again, this 
point is vividly made by the fact that the Comparator 
countries have, on average, twice as many full-time 
equivalent researchers per thousand of the workforce 
and three times as many per million of the countries’ 
inhabitants. Our low spend on R&D is also reflected in 
South Africa’s low ranks on these two research capacity 
indicators in 2015: 62 and 69, respectively.

• South Africa’s research production, on the other 
hand, compares very favourably with our Comparator 
countries. This applies to most aspects of research: 
increased research output, increased world share, 
improved world rank (28 in 2015), acceptable levels of 
international research collaboration (52% in 2015), and 
citation impact (1.06 in 2015). Overall, South Africa’s 
research performance is disproportionately good relative 
to the low levels of investment in research and the 
country’s small researcher capacity, South Africa clearly 
punches above its weight in this area!



PART TWO: 
Historical benchmarking of the 

South African research enterprise 
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Historical benchmarking of the South African research 
enterprise is important for a number of reasons. Firstly, it 
allows one to establish whether South Africa is improving 
its performance over time. Irrespective of whether South 
Africa’s research enterprise compares well, or not so well, 
against international benchmarks, it is equally important to 
establish whether our research performance, especially in 
strategic areas, has improved over time. 

A second reason why historical benchmarking is important 
is that it allows one to employ additional indicators that 
provide a deeper understanding of trends in performance. 
These indicators are typically context-specific and 
customised to the specific conditions of a country. 
International benchmarking (as presented in Part One of 
the report) is of necessity confined to a set of standard and 
relatively unchanging indicators to allow for comparisons 

across very diverse countries and research systems. In 
historical benchmarking, the application of additional 
country-specific indicators allows for more context-specific 
assessments and hence more meaningful interpretation. 
In this report, this applies to a number of areas, but 
specifically to research transformation indicators. These 
indicators address the question of whether South African 
research has become more inclusive over the past 15 years 
in terms of broadening the human capital base to include 
more female and black researchers.

The logic of this section of the report is similar to that 
of Part One. The presentation of data and results are 
organised under three headings: research funding, research 
capacity and research performance. As indicated above, a 
slightly different set of indicators is included in this section.

1. Introduction

Research funding

Research capacity

Research performance

Number of scientific publications  and world share

World rank

Shape of knowledge production

Relative field strength

Research collaboration

Citation impact

Positional analysis

Research transformation: gender, race, age 
and nationality

GERD in R’million (nominal and constant Rand values) 

GERD/GDP

GERD per capita (in current PPP$)

Percentage of GERD by source of funds

Percentage of GERD by sector 

GERD by type of R&D activity

Researchers in thousands (HC/FTE)

Researchers per million inhabitants (HC/FTE)

Researchers per thousand labour force (HC)

Proportion of female researchers

Number of doctoral graduates

Doctoral graduates per million of population

Doctoral graduates by race

FIGURE 2.1: NAVIGATION FOR PART TWO
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2. Research funding
The trend in gross expenditure on R&D over the past 
almost two decades is reflected in the figure below. 
The trend shows quite clearly that despite the near five-fold 
increase in nominal Rand value (from R7 488 billion in 
2001/2002 to R35 693 billion in 2016/2017), the trend in 
constant 2010 Rand values shows very little increase over 
the past 10 years.

FIGURE 2.2: GERD IN R’MILLION, IN NOMINAL AND CONSTANT 
2010 RAND VALUES (2001/2002-2016/2017)

Sources: South African R&D Survey and OECD.Stat

In 2001, South Africa spent 0.72% of GDP on R&D. 
This percentage increased to a high of 0.90% in 2006. 
In 2015, GERD as a percentage of GDP had decreased 
to 0.80. The most recent R&D survey showed that it 
remained at a similar level (0.82%) in 2016. While the 
nominal Rand value increased over the years, this was not 
at the same rate as GDP.

FIGURE 2.3: GERD AS A PERCENTAGE OF GDP  
(2001/2002-2016/2017)

 

Sources: South African R&D Survey and OECD.Stat

Our second research funding indicator is GERD per capita 
(in current PPP$). As a size-independent indicator, it allows 
for more fair comparisons across research systems. GERD 
per capita (in current PPP$) increased substantially between 
2001 and 2015, from a low of 58.0 to 106.1 (Figure 2.4). 

FIGURE 2.4: GERD PER CAPITA (IN CURRENT PPP$) (2001-2015)

Source: OECD.Stat

In 2001, the biggest proportion (55.8%) of funds for R&D 
activity in South Africa came from the business sector 
(Figure 2.5). At that stage, the government sector was the 
second largest source of funds at 36.4%. While neither 
the business sector nor the government sector funds 
constituted the majority share of the total R&D funds for 
South Africa in the following years, the government sector 
became the largest source of R&D funding in 2007 and has 
maintained that position since. By 2016, the government 
sector represented 46.0% and the business sector 39.4% 
of the total sources of funds for South Africa. The third 
largest source of funds is funding from abroad, which 
increased from 6.1% to 11.7% between 2001 and 2016.

FIGURE 2.5: PERCENTAGE OF GERD BY SOURCE OF FUNDS 
(2001/2002-2016/2017)

Sources: South African R&D Survey and OECD.Stat

While the figure above presents the sources of funds 
for R&D in South Africa, this does not represent the 
composition of the expenditure on R&D for the different 
sectors. In response to the R&D landscape of South 
Africa, the South African R&D Survey incorporates an 
additional sector beyond the OECD-defined government, 
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business enterprise, higher education, and not-for-profit 
sectors (the latter two combined into a single group in 
the above figure) to investigate this. This additional sector 
is the science councils. Disaggregating these groupings 
(Figure 2.6) provides an insight into the role these two 
sectors play in the R&D enterprise in South Africa. In 
2001, the business enterprise sector contributed the 
majority share to GERD and maintained this position until 
2008. While it continued to contribute the largest share of 
GERD, it had reduced to 41.4% by 2016. The second largest 
contributor to GERD is the higher education sector which, 
in 2001, contributed to over a quarter of GERD. This 
increased to just under a third in 2016. The third largest 
sector, science councils, maintained their percentage from 
2001 to 2016 (17.2% in 2016).

FIGURE 2.6: PERCENTAGE OF GERD BY SECTOR 
(2001/2002-2016/2017)

 

Source: South African R&D Survey

As far as GERD by type of R&D activity is concerned, 
the largest percentage of GERD in 2004 was spent on 
experimental development (37.6%), followed by applied 
research (32.9%) and basic research (9.5%). These 
proportions changed over the subsequent years: in 2010, 
similar percentages were observed for applied research 
(39.8%) and experimental development (36.3%), with 
a decrease in experimental development. In 2016, the 
percentage of GERD spent on experimental development 
was the lowest (25.5%), followed by basic research (26.7%) 
and applied research (47.8%). These trends are shown in 
Figure 2.7.

FIGURE 2.7: PERCENTAGE OF GERD BY TYPE OF R&D ACTIVITY 
(2004/2005-2016-2017)

 

Source: South African R&D Survey
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FIGURE 2.10: RESEARCHERS PER THOUSAND LABOUR FORCE 
(2001-2015)

Source: UIS.Stat

The HC and FTE number of researchers in South Africa 
increased steadily between 2001 and 2016 at a CAGR 
of 5.1% and 4.6%, respectively. This is shown in the 
graph below.

FIGURE 2.8: RESEARCHERS IN THOUSANDS  
(2001/2002-2016/2017)

Sources: South African R&D Survey and OECD.Stat

Similar to the above, the number of HC and FTE 
researchers per million inhabitants in the country has 
increased steadily since 2001 (Figure 2.9).

FIGURE 2.9: RESEARCHERS PER MILLION INHABITANTS  
(2001-2015)

Source: UIS.Stat

The trend for the number of HC and FTE researchers per 
thousand labour force is similar to the previous figure, as 
shown in Figure 2.10.

The percentages of female researchers by headcount 
and by FTE from 2001 to 2015 have been similar across 
the years, with the largest difference occurring in 2005. 
This is shown in Figure 2.11. Both these percentages 
have seen a steady increase since 2001, starting at 36.0% 
and 34.7% respectively, and increasing to 45.1% and 
44.6%, respectively. 

FIGURE 2.11: FEMALE RESEARCHERS AS A PERCENTAGE OF ALL 
RESEARCHERS (2001-2017)

Sources: South African R&D Survey, UIS.Stat and OECD.Stat

One of the areas in human resource development for 
science and technology that has received much attention in 
South African policy and strategy documents refers to the 
production of doctoral graduates. For a recent comprehensive 
discussion see Cloete et al. (2015). In 2011, South Africa’s 
National Development Plan (NDP) set a target to increase 
the number of doctoral graduates to 100 per one million 
of the population by 2030. This translates to approximately 
5 000 graduates in 2030 (National Planning Commission 
2011). Of these 5 000 graduates, 3 000 should be in the fields 
of science, engineering, mathematics and technology (STEM). 
This is envisioned by a concomitant objective to double the 
percentage of staff members in the higher education sector 
who hold a doctoral degree; specifically, the target calls for 
75% of higher education personnel to have a PhD. These 
objectives form part of a strategy to position South Africa 
as a leading innovator, and to align the doctoral output of 
South Africa to international standards. 

The number of doctoral graduates in South Africa 
increased significantly from 2000 to 2016, with a CAGR 

3. Research capacity

2.43

1.22

1.64

0.86

 HC  FTE

26.9

56.8

27.7

14.2

 HC  FTE

580.2

938.3

305.7

473.1

 HC  FTE
2001 2003 2005 2007 2009 2011 2013 2015

2001 2003 2005 2007 2009 2011 2013 2015 2016

2001 2003 2005 2007 2009 2011 2013 2015

45.1

36.0

44.6

34.7

 HC  FTE

2.5

2.0

1.5

1.0

0.5



60

The state of the South African research enterprise

of 6.8%, as shown in Figure 2.12. It is evident from the 
figure that the production of doctoral graduates started 
to increase much faster around 2008/2009. In fact, a 
comparison of the CAGR values for the period before 
and after 2008 is revealing. Between 2000 and 2008, the 
rate of increase in the production of doctoral graduates 
was 2.5%. Between 2008 and 2016, this rate was 11.4%. 
The exponential increase from 2008 onwards is not 
unexpected if one bears in mind that the DHET funding 
scheme for universities was changed in 2005 to include 
subsidies to universities for the numbers of research 
masters and doctoral graduates they would produce. The 
time lag between the implementation of this new policy 
in 2005 and the change in growth rates from 2008/2009 
is easily explained since the average time-to-degree for 
doctoral students is around four years.

FIGURE 2.12: NO. OF DOCTORAL GRADUATES (2000-2016)

Source: Graduate data from HEMIS data

Figure 2.13 below shows that the number of doctoral 
graduates per million of the population increased significantly 
from 2000 to 2016, with a CAGR of 5.5%. Despite this 
substantial increase, it is unlikely that the target set by the 
Ten Year Innovation Plan (TYIP) and the NDP of reaching 
100 doctoral graduates per million of the population will 
be met. 

FIGURE 2.13: NO. OF DOCTORAL GRADUATES PER MILLION OF 
THE POPULATION (2000-2016)

Source: Graduate data from HEMIS, population data from World Bank databank.org

The vision to increase the doctoral output to 5 000 
students by 2030 is an ambitious one. An Autoregressive 
Integrated Moving Average (ARIMA) (1,2,0) forecasting,1 
as illustrated in Figure 2.14 and using the HEMIS data from 
2000 to 2016, shows that at the current growth rate, in 
2030 South Africa may be able to graduate around 6 000 
doctoral students. At the 80% confidence interval, the 
number of forecasted graduates ranges between 4 000 
and 7 000, while at the 95% confidence interval, the 
forecasted window becomes much larger at 3 000 to 
10 000 graduates. 

The likelihood of meeting this target is situated within 
a broader context and dependent on a complex set 
of factors. Cloete et al. (2015) identified a number of 
theoretical scenarios in which the desired expansion 
of doctoral graduates can be achieved. The authors’ 
lowest graduate estimate of 2 867 graduates and highest 
estimate of 8 061 graduates are dependent on four factors: 
the growth rate of doctoral enrolments; an increase 
in academic capacity; an increase in the proportion of 
academic staff with PhDs; and an increase in the efficiency 
rate in terms of the number of doctorates per staff 
member. A significant increase in the growth rate of 
doctoral enrolments without a concurrent increase in 
supervisory capacity will undoubtedly add to the already 
heavy burden of supervision at many of the top universities, 
which could compromise the efficiency and quality of 
supervision. However, the authors argue that this scenario 
is more likely given that the number of academic staff has 
hardly increased over the past 16 years (CAGR 1.3%). 
Although the proportion of academic staff with a doctorate 
has increased notably towards 2016, this proportion needs 
to increase to nearly 60% to sufficiently accommodate the 
increasing numbers of doctoral enrolments (ibid.). 

FIGURE 2.14: ARIMA (1, 2, 0) FORECASTING OF DOCTORAL 
GRADUATES (2000-2016)

 

1 An Autoregressive Integrated Moving Average (ARIMA) was used as the 
statistical method for time series forecasting. A linear regression model was 
constructed including the specified number and type of terms, and the data 
was prepared by a degree of differencing in order to make it stationary; 
that is, to remove trend and seasonal structures that negatively affect the 
regression model (see machinelearningmastery.com).
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The high growth rate of doctoral enrolments has also 
been fuelled by the increasing numbers of enrolments from 
the rest of Africa, which have grown by more than 17% 
over the past 17 years. This is in comparison to the 5.6% 
growth rate of South African enrolments for the same 
period. This trend is clearly observed in the prediction of 
doctoral graduates by region of nationality – South Africa, 
rest of Africa, and rest of the world – as shown in 
Figure 2.15 below.2

FIGURE 2.15: ARIMA FORECASTING OF DOCTORAL 
GRADUATES BY NATIONALITY (2000-2026)

 

The ARIMA model for total graduates is similar to that 
of graduates from the rest of Africa.3 In fact, these time 
series appear to be the product of a similar data-generating 
process. In contrast, growth for South African graduates 
seemed to have plateaued in comparison to rest of Africa 
graduates.4 This does not mean that that growth potential 
is necessarily weak in the case of South African graduates. 
Rather, it is indicative of the first order dominance in 
growth experienced in the last five years for rest of Africa 
graduates relative to South African graduates. If the trend 
continues, the primary driving factor in total graduates 
will be the influx of graduates from countries outside of 
South African borders. The turning point, where graduates 
from the rest of Africa surpass those from South Africa, 
seems to be within the next four to six years. Finally, 
growth in terms of graduates from the rest of the world 
has remained relatively constant and does not seem to 
contribute substantially to the number of overall graduates; 
nor do we foresee that it will in future from the forecasts 
provided here.

2 The total number of graduates in Figure 2.15 excludes those students 
whose nationalities are unknown, as per the HEMIS data.

3 Both were generated, to some degree of precision, by an 
ARIMA (1,2,0) process.

4 An ARIMA (0,1,0) with drift is identified in this case.

Although not explicitly stated as an objective, the NDP 
2030 vision also calls for efforts to “establish South Africa 
as a hub for higher education and training in the region 
capable of attracting a significant share of the international 
student population” (NPC 2011: 278). However, the 
NDP expressly seeks to significantly increase the number 
of African and female postgraduates, particularly at the 
doctoral level. At the same time, the aim is to “normalise 
staff demographics” through transformation, and to 
ameliorate the research and innovation capacity of the 
country (NPC 2011). In the analysis of race profiles in this 
report, we follow the Statistics South Africa classification 
of African, Indian/Asian, coloured, and white. We use the 
term ‘black’ to refer to the collective grouping of African, 
Indian/Asian and coloured (AIC).

While the absolute number of white and black doctoral 
students have both increased from 2000 to 2016, the rates 
of increase were different, with a CAGR of 1.5% and 9.2%, 
respectively. In 2000, black students constituted less than 
a quarter of South African students (24.6%). By 2016, 
they represented the majority (51.3%) of all South African 
doctoral graduates, as seen in Figure 2.16 below.

FIGURE 2.16: DOCTORAL GRADUATES BY RACE (2000-2016)

 
Source: Graduate data from HEMIS data

In 2016, black doctoral enrolments constituted just more 
than a third of total enrolments – an increase from 26% in 
2000 – which does not signify a notable shift. In Figure 2.17, 
a prediction is provided on the number of South African-
born graduates, disaggregated by race. The ARIMA model 
for black South African graduates indicates significant 
nonlinearities in the stochastic process.5 This is indicative 
of a near exponential growth trend among black graduates. 
In contrast, the selection procedure with respect to white 
graduates identifies a slight increase in growth in the last 
decade, but not significant enough to warrant substantial 
increases in growth in the future. This result indicates that 
black graduates will not only surpass white graduates  
 

5 ARIMA (0,2,1) model for black graduates and ARIMA (0,1,0) for white 
graduates. Model details are explained in the Technical Appendix.
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in the immediate future, but could be able to do so 
sustainably in the medium-to-long term. 6

FIGURE 2.17: ARIMA FORECASTING OF DOCTORAL 
GRADUATES BY RACE (2000-2026)

 

The predicted profile of doctoral graduates in the next 
10 to 20 years shows that in terms of transformation, 
the growth of South African black graduates is positive. 
However, given the exponential growth of graduates 
from the rest of Africa, the proportion of South African 
graduates is decreasing. Even though the sustained growth 
of foreign doctorates is pivotal in the expansion of the 
number of doctoral graduates per the 2030 vision, it might 
compromise the targets to transform and ‘normalise’ the 
demographics of the academic capacity in South Africa.

The actualisation of the expansion of doctoral outputs 
is therefore conditional on a number of factors. These 
include, among others, geo-political forces, which refer to 
the influx of doctoral students from African 

6 One should, however, read the forecasting results with caution. 
Figure 2.15 and 2.17 do not depict the prediction intervals for the forecasts. 
Once these intervals are included, the uncertainty as to the actual 
number of graduates becomes readily apparent. Prediction intervals are 
reported in the individual forecast figures in the Technical Appendix. The 
decomposition of the forecasting is done up until 2026. The small number of 
data observations renders extended forecasting (beyond five or 10 years) 
problematic and may produce poor forecasts.

countries that is currently driving the high growth of 
doctoral enrolments. Additionally, policy and strategy 
considerations – which include the funding framework 
for higher education, incentive strategies, and scholarship 
support and funding instruments for postgraduate students 
– are also pivotal to the sustained and increased growth 
of doctorates. There are also institutional factors which 
include the differentiated capacity of the university sector; 
institutional policies and strategies towards the expansion 
and support of postgraduate students; institutional support 
structures and initiatives; and sufficient and efficient 
supervisory capacity. Finally, individual student-level factors 
such as resources, support structures, academic readiness 
and so forth, are also central to the amelioration of 
doctoral outputs (Cloete et al. 2015). 

If the 2030 targets for doctoral graduates are to be 
met, Cloete et al. (ibid.) argue that the current growth 
rates of enrolments be maintained or increased through 
financial efforts and institutional strategies, in order to 
enable doctoral students to pursue their studies full-time. 
Additionally, the proportion of academic staff with PhDs 
need to be increased, especially in fields where there 
is high growth in enrolments. In other words, “there 
needs to be a strategic alignment between the ‘supply’ of 
academic supervisory capacity and the ‘demand’ of new 
doctoral students” (ibid.: 199). These efforts should be 
underpinned by better policy orientation and coordination 
between different role-players which aim to change the 
approach that accommodates multiple imperatives to be 
addressed simultaneously. This should include strategies to 
incentivise the highly productive universities (referring to 
the seven institutions that produce more than 70% of the 
doctorates in South Africa) to produce more black women 
with doctorates. 

 RSA total
 RSA black

 RSA white 
 Forecasted data
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In this section, we combine indicators and data from two 
sources: the WoS and SA Knowledgebase. The standard 
indicators of research output, relative field strength, 
collaboration trends, and citation impact are sourced 
from the WoS. 

4.1 Number of publications and 
world share
Our first graph (Figure 2.18) presents the total South 
African output of articles and review articles in the WoS 
for the period 2000 to 2016. The results show that total 
output has increased from 3 668 publications in 2000 to 
15 550 in 2016. This increase represents an average annual 
growth rate of 2.9%. It also shows that South Africa’s 
share of world output more than doubled from 0.4% in 
2000 to 0.91% in 2016. Not surprisingly, these results have 
translated into an improved position when comparing 
South Africa with other countries.

FIGURE 2.18: TOTAL PUBLICATION OUTPUT AND WORLD 
SHARE (2000-2016)

 

4.2 World rank
As far as country rank is concerned, South Africa has 
improved its ranking in the world (from position number 
34 in 2000 to 28 in 2016). 

TABLE 2.1: NUMBER OF PUBLICATIONS FOR SELECTED 
COUNTRIES (2016)

Country Publications Rank

United States 424 421 1

China 310 933 2

United Kingdom 128 912 3

Germany 112 399 4

Japan 80 924 5

France 77 346 6

India 75 637 7

Italy 72 690 8

Canada 72 133 9

Australia 68 697 10

Spain 64 618 11

Korea 59 341 12

Brazil 51 306 13

Netherlands 41 973 14

Russia 40 507 15

Iran 38 074 16

Turkey 34 191 17

Switzerland 31 707 18

Poland 30 034 19

Sweden 29 200 20

Taiwan 26 058 21

Belgium 23 236 22

Denmark 19 754 23

Austria 16 881 24

Portugal 15 812 25

Saudi Arabia 15 777 26

Mexico 15 723 27

South Africa 15 550 28

4.3 Shape of knowledge production
We use the term ‘shape of knowledge production’ to refer 
to the distribution of publication output across the main 
science fields. It is a well-known fact that South Africa 
produces a high proportion of publication in the humanities 
and social sciences. Although the volumes of output in 
science do not change rapidly over time, the graph below 
shows how the social sciences in South Africa has nearly 
doubled its share (of publications in the WoS) from 11% 
in 2000 to 19% in 2016. Conversely, the natural sciences 
recorded a decline in relative share: from 39% in 2000 to 
33% in 2016.

4. Research performance

FIGURE 2.19: SOUTH AFRICAN RANKING AMONG ALL 
COUNTRIES ACROSS ALL FIELDS (2000-2016) 
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4.4 Relative field strength
There are differences between the research activities 
across fields within a single country (or other entities such 
as universities) and the world, as a whole. The indicator 
we use to describe this difference is the relative field 
strength (RFS) index, which compares the distribution 
of a country’s output across fields to that of the world, 
resulting in a single number, RFS, for every field. If the RFS 
is less than 1, the country produces a smaller fraction of 
its total output in that field than the world does. If RFS 
is greater than 1, a larger fraction of the country’s total 
output is in that field than the same fraction for the world. 
Figure 2.21 shows the RFS values, comparing the early 
period (2000-2008) and the most recent period (2009-
2016) for the six fields analysed.

FIGURE 2.21: COMPARING THE RELATIVE FIELD STRENGTH OF 
MAIN SCIENCES DOMAINS (2000-2008 AND 2009-2016)

4.5 Research collaboration
Research collaboration is typically measured by analysing 
patterns in the authorship of scientific articles. In our analysis 
we distinguished between four categories of authorship: single-
authored articles (which in effect implies no collaboration); 
articles with multiple authors across institutions within the 
same country (national collaboration); articles with at least 
one South African author and one author from another 
African country (collaboration with Africa only); and articles 
with at least one South African author and one author 
from another country in the world (excluding other African 
countries). In this report, we often combine the last two 
categories as indicative of the proportion of internationally 
co-authored articles (international collaboration).

The graph below shows that South African scientists 
and scholars are collaborating increasingly with the rest 
of the world, and specifically with countries outside of 
Africa. Overall, international collaboration has increased 
from 34% in 2000 to 52% in 2016. Concomitant with this 
increase, we see a decline in national collaboration as well 
as in single-authored articles.

FIGURE 2.22: PUBLICATION COLLABORATION PROFILES  
(2000-2016)
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FIGURE 2.20: DISTRIBUTION OF OUTPUT ACROSS FIELDS (2000-2016)
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4.6 Citation impact
The citation impact of South African-authored papers, as 
measured by the MNCS, has steadily increased from 0.8 in 
2000 to 1.1 in 2016. This means that the average citation 
impact of South African-authored papers in 2016 is slightly 
above the world average impact (for the fields in which 
we publish). 

4.7 Positional analysis
Our next two graphs present the results of a positional 
analysis where we plot the position of each main science 
field in relation to one another. In these graphs, each 
subfield is represented by a coloured circle. The size of the 
circle is commensurate with the number of publications 
in the field. The vertical axis shows the MNCS (field-

FIGURE 2.23: COLLABORATION INTENSITY WITH OTHER COUNTRIES (2005-2009)

FIGURE 2.24: COLLABORATION INTENSITY WITH OTHER COUNTRIES (2010-2014)
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normalised citation score), while the horizontal axis 
shows the RFS. For both the MNCS and RFS, a value 
of 1 is average. These values are indicated on the graph by 
dashed lines. 

FIGURE 2.26: MNCS VS RFS FOR SCIENTIFIC FIELDS 
(2000-2008)

 

The comparison between the two graphs reveals four 
major shifts over time: the increased citation visibility of 
the health, natural and engineering sciences, a substantial 
increase in the number of publications in the social 
sciences, the decrease in citation impact of the humanities 
and the slight weakening in the relative strength of the 
agricultural sciences.

FIGURE 2.27: MNCS VS RFS FOR SCIENTIFIC FIELDS  
(2009-2016)

 

4.8 Research transformation
The 1994 higher education policy debates (pre- and 
immediately post-NCHE [National Commission on Higher 
Education]) were primarily about equity, race and gender. 
In post-apartheid South Africa, a common practice is 
to use transformation as a euphemism for racial issues, 
despite its many interpretations and meanings. Govinder 
et al. (2014: 1) illustrate this well in the following quote:

 In the South African context, transformation refers more 
specifically to change that addresses the imbalances of the 
past (apartheid) era. It has many facets, including demographic 
and systemic change. However, regardless of the different 
components and qualitative measures for transformation, the 
ultimate (and most important) indicator is that of demographics.

In terms of formal policy, the Education White Paper 3 (DoE 
1997: 2.91, 2.94) emphasised the importance of increasing 
the access of black and female students to masters, doctoral 
and post-doctoral programmes as a means of enlarging the 
pool of national researchers, and improving the demographic 
representation of staff in higher education. As highlighted 
earlier, recommendations in the NDP also included increasing 
the number of African and female postgraduates, especially at 
doctoral level, to improve the research and innovation capacity 
and to normalise staff demographics (see NPC 2012: 327).

Our focus here is on the extent to which the production of 
research publications has become more representative of 
the South African academic research workforce.7 We asked 
four transformation-related questions in this section8:

• To what extent are female academics participating in the 
production of research publications?

• To what extent are black academics participating in the 
production of research publications?

• To what extent are young academics (i.e. younger 
than 40 years) participating in the production of 
research publications?

• To what extent are non-South African nationals 
participating in the production of research publications?

4.8.1 Gender
In 2005, slightly fewer than one third (31%) of all South 
African-authored papers had (at least) one female author. 
This proportion had increased slightly to 34% by 2016.

4.8.2 Race
The majority of South African authorships throughout the 
years have been by White authors (Figure 2.29). However, 
the trend in recent years has seen increasing contributions 
by black (African, Indian/Asian or Coloured) authors, from 

7 SA Knowledgebase only includes data on university publications.

8 Our analyses of trends in research transformation are based on CREST’s 
SA Knowledgebase.
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15.7% in 2005 to 30.6% in 2016. The percentage of black 
African authors increased nearly threefold from 5.3% in 
2005 to 14.6% in 2016. 
 

4.8.3 Age
In 2005, a substantial 41% of all publishing academics were 
50 years and older. Conversely, slightly more than a quarter 
(27%) were 40 years and younger. The figure above shows that 
this profile has changed somewhat over the recent past. 
By 2016, authors 50 years and older produced 45% of all 
papers, whilst those 40 years and younger contributed 25% to 
overall publication output. A somewhat worrying trend is the 
fact that the proportion in the highest age interval (60 years 

and older) increased quite significantly from 12% to 20%. At the 
other extreme, the proportion in the lowest age interval 
(30 years and younger), declined from 5% in 2005 to 3% 
in 2016. These trends are perhaps not surprising given that 
the academic capacity at South African universities has not 
increased substantially over the past fifteen years. Very few 
universities have managed to create new posts that would allow 
for the appointment of young entrants into the academic sector.

4.8.4 Nationality
As expected, the majority of authors are South African, with 
73.2% of all authorships falling in this category. Figure 2.31 
shows the authorships that appear most frequently. There 
are 7 116 authorships that are excluded because the specific 
nationality of the authorship could not be determined or the 
data are not available. The other category includes all other 
countries for which the nationality is known.

FIGURE 2.31: NATIONALITY OF AUTHORS (2015)

 

Data notes:  Data available for 60.2% of authors
 Countries unknown: 7 116 cases

FIGURE 2.32: AUTHORSHIP NATIONALITY PROFILES (2015)

In Figure 2.32, the authorships are classified into four 
groupings: South African, other African authorships, 
authorships from countries not in Africa or South Africa 
(i.e. rest of the world), and unknown authorships. In the 
case of unknown authorships, this includes those for 
which there are no data available, or who possibly have 
dual citizenship, or other configurations which made it 
difficult to ascertain what nationality grouping to assign 
to the authorship. While the majority of authorships are 
South African, the second largest grouping is authorships 
from countries outside of Africa at 14.3% of all authorships, 
followed by authorships from the rest of Africa at 9.7%.
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Discussion
In historical benchmarking, one is able to assess the 
performance of a country or system (such as South Africa) 
in two ways. The first is to make an assessment is against 
available (policy or strategic) targets. For the indicators 
that we used in this part of the report, we could only find 
a limited number of targets (see table above). The second 
approach is to inspect the changes and shifts over time and 
make an ‘expert’ judgment about the direction and slope 
of rates of change. One looks at whether change is steady 
versus interrupted, or linear versus exponential (e.g. most 
recent increases in PhD graduates from the rest of Africa). 
In addition one could make more qualitative comments 
about the nature of change and even what is ‘hidden’ from 
the quantitative indicators. We discuss each in turn.

Change against targets
The GERD/GDP target was set at 1% in earlier South 
African policy documents (DST 2008). This was in line with 
the recommendation by the UN Economic Commission for 
Africa of 1% by 2018. In the NDP 2030 document, it is set 
at an even more ambitious 1.5% for 2030. At this stage it 
remains an elusive target.

The target set in the Ten-Year Innovation Plan of reaching 
50 researchers per 1 000 of the labour force looks 
on the face of it to have been a mistake. The latest data 
shows that South Africa has achieved 2.4 researchers per 
thousand of the labour force in 2015. It is not impossible 
that the indicator was mistakenly defined and should have 
read “HC researchers per thousand of the population”. 

TABLE 2.2: SCORECARD OF HISTORICAL RESEARCH PERFORMANCE BENCHMARKING

Investment in 
research

Indicator 2001 2016 Change Criterion

GERD in R’million constant 2010 Rand value 23 174 (2007) 25 305 ↑

GERD/GDP 0.72 0.82 ↔ 1%*

GERD per capita (PPP$) 58.0 106.1 ↑

Percentage BERD 53.7 41.4% ↓

Percentage basic research 9.5% (2004) 26.7% ↑

Percentage experimental development 37.6% (2004) 25.5% ↓

Research capacity Indicator 2001 2016

Researchers in thousands (HC) 26.9 56.8 ↑

Researchers per million inhabitants (FTE) 305.7 473.1 ↑

Researchers per 1000 labour force (HC) 1.64 2.43 (2015) ↑ 50 by 2018^

Researchers in thousands (FTE) 14.2 27.7 ↑ 20 by 2018^

Researcher per thousand of labour force (FTE) 0.86 1.22 ↑

Percentage female researchers (HC) 36% 45% ↑

Doctoral graduates 900 2794 ↑ 5 000 by 2030 #

Doctoral graduates per million 19.4 49.9 ↑ 100 by 2030#

Research output Indicator 2000 2016

Number of publications in WoS 3 668 15 550 ↑

CAGR of number of publications 2.9% ↑

World rank 35 28 ↑

World share of publications 0.4% 0.9% ↑ 1% by 2018^

Research 
collaboration

Proportion of internationally co-authored 
publications

34% 54% ↑

Citation impact MNCS 0.88 1.13 ↑

Research 
transformation

Indicator 2005 2016

Gender: share of female authors 31% 34% ↔

Race: share of black authors 16% 29% ↑

Age group: share of authors under age of 40 3% 18% ↑

Data notes: * UNECA (2018)
 ^ Ten-Year Innovation Plan (DST 2008a)
 # National Development Plan 2030: Our future – make it work (2012)

5. Research performance
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For this indicator a target of 50 would have been realistic. 
In fact South Africa – although ranked 32nd in the world 
– recorded 52 researchers per 1 000 of the population 
in 2015.

The target of reaching 5 000 doctoral graduates by 2030 
now seems to be an achievable one. We have shown in this 
section that if key drivers of this process remain in place, it is 
quite likely that the target will in fact be achieved. 

Related to this is the target, as set in the NDP, that the 
proportion of academics at South African universities 
with a PhD should reach 75% by 2030. The latest data 
from HEMIS (2016), show that this proportion is currently 
at around 45%. If one takes into consideration that this 
proportion in 2015 stood at 32%, it is clear that it is very 
unlikely that the target of 75% will be achieved in 2030. In 
fact, we would argue, that this has always been an unrealistic 
target that can at best be achieved in some of the ‘basic 
sciences disciplines’ but not across all academic disciplines.

As far as South Africa’s world share of publications in the 
WoS is concerned, the most recent data show that we are 
at 0.9% which is close to the set target of 1%. However, it 
is worth pointing out that to reach the target of 1% South 
Africa would have to produce approximately 18 000 papers 
in 2018 (as compared to the 15 550 in 2016). It remains to 
be seen if this will be achieved.

Direction and nature of change
We have shown in this section of our report that the 
performance of the South African research enterprise in 
some areas have been disappointing, but in other areas 
commendable. The former would include performance in 
the areas of investment in R&D (both at the macro-level 
but also in specific areas such as the decline in the relative 
contribution of the business sector) and the lack of any 
substantial expansion of the human resource capacity in 
the science system. A number of positive trends emerged 
from our analysis: the growth in the number of the 
doctoral graduates as well as the improved diversity of 
the profile of these students, the increases in the research 
publication output and world share of South Africa’s journal 
publications, the improvement in our world rank, increased 
international collaboration and improved citation impact. 
The trends as far as the transformation indicators of race 
and gender are concerned are also positive.

However, it is also important that we comment on what the 
statistical indicators do not tell us. Most notably are growing 
concerns related to matters of quality and ethics in scientific 
communication. In various studies by CREST (both for the 
DHET and the Academy of Science of South Africa [ASSAf]) 
over the past five years, issues related to predatory 
publishing and questionable editorial practices, have been 
flagged (Mouton and Valentine 2017). Analysis of the trends 

in publications that qualify for the DHET subsidy-system 
continues to reveal different forms of gaming behaviour 
where the pursuit of quantity over quality is clearly evident. 
The prevailing culture of ‘publish or perish’ is manifesting 
itself in more and more perverse and unethical publication 
behaviour that requires constant scrutiny. 

In a study amongst emerging scholars in South Africa 
(DST 2018), this has emerged as a very specific area of 
concern for early career academics. Under the heading 
of “resistance to the homogenising effects of research 
performance appraisal” we concluded that there “is evidence 
(mostly from the qualitative interviews) that some academics 
are increasingly sceptical, and even cynical, about the 
value of many aspects of research performance appraisal” 
(DST 2018:11). These concerns pertain, amongst others, 
to the uncritical and increasingly pervasive application of 
research metrics for the purposes of academic appointments 
and promotions.

Some of the same concerns around research quality have 
been raised in the domain of doctoral education. At the 
same time as the production of doctoral graduates has 
increased significantly, concerns have been raised about 
the quality of doctoral dissertations. In order to address 
concerns over doctoral quality the Council on Higher 
Education launched the National Reviews of Doctoral 
Studies in February 2017.

In conclusion: Our assessment of the performance 
of the South African research enterprise over the past 
10 to 20 years results in a predominantly positive scorecard. 
However, there is no cause for complacency as the 
challenges around low rates of investment in R&D, the 
stagnation of the human resource capacity and increasing 
concerns over the quality and ethics of our research 
publications demonstrate.
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Part Three of the report is devoted to an assessment 
of the strengths and weaknesses of scientific fields and 
disciplines. The focus on scientific fields is important for 
a number of reasons.

Firstly, scientific fields or sub-fields (disciplines) are the 
typical ways in which the scientific community organises its 
cognitive effort. Scientific research is a highly differentiated 
enterprise, and the history of modern science reflects 
the increasing specialisation of sub-fields and disciplines 
over time. Scientific fields differ from each other in 
epistemology (conceptions of what constitutes truthful 
knowledge), methodology (approaches to analysing 
and understanding the specific object of inquiry), and 
sociology (how the scientific community is organised 
and the values it adheres to). One way in which the 
latter manifests itself is in the huge differences in modes 
of scientific communication. Bibliometric studies have 
repeatedly shown that publication practices (which modes 
of communication are preferred, authorship patterns, etc.) 
and citation behaviour (citation intensity) differ hugely 
across scientific disciplines.

Secondly, scientific fields form the institutional fabric 
of higher education systems. Universities are typically 
organised around faculties, school and departments that 
correspond to disciplinary boundaries which are viewed 

as internally relatively homogenous in theory and method. 
In this Part of the report we have therefore extended our 
focus by adding two crucial dimensions of the academic 
context that impact on knowledge production: staff 
capacity (and diversity) and the academic pipeline (with 
a focus on doctoral students) for each of the fields and 
sub-fields selected. Our reasoning is simple: an assessment 
of the strengths and weaknesses of a scientific field cannot 
be confined to its current state and performance only. 
For strategic purposes, we need to analyse and make sense 
of where the field is likely to be in the next 10 to 15 years. 
This means having a deeper understanding of at least 
three drivers of a field’s performance: the trends in 
funding of research in that field; the (academic) capacity 
that produces both the research as well as the future 
researchers in the field; and the pipeline of postgraduate 
students (and especially the doctoral students, who are 
likely to enter into the field). 

CREST has recently developed a comprehensive 
framework for assessing the strengths and weaknesses of 
scientific fields.1 This framework utilises a large number of 
indicators to measure key dimensions of the nature and 
performance of a scientific field. In this report, we apply a 
simplified version of this framework to our assessment of 
scientific fields along the following dimensions, as outlined 
in Figure 3.1 below.

 

1  At the time of writing this report, CREST had just completed a study on 
seven basic science disciplines for the DST. In this study, we present a multi-
dimensional framework to measure the state and performance of these 
disciplines. A description of each of the dimensions and associated indicators 
is included in the Technical Appendix.

1. Introduction

Research funding

Staff capacity and diversity

Academic pipeline

Research performance
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Main and sub-field analyses
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FIGURE 3.1: NAVIGATION FOR PART THREE
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Even in early Greek science, Plato and Aristotle 
distinguished between two kinds of knowledge: techné 
(technical or applied science) and episteme (truthful 
knowledge).2 But it was only with the emergence of 
modern science from the sixteenth century onwards, and 
the proliferation of different scientific specialisations, that 
more comprehensive classification schemes of science 
were developed. Between 1751 and 1772, Diderot edited 
the Encyclopédie, ou dictionnaire raisonné des sciences, des 
arts et des métiers (English: Encyclopedia, or a Systematic 
Dictionary of the Sciences, Arts, and Crafts). A century later, 
Melwille Dewey published his classification framework of 
the sciences – a system that was subsequently adopted 
by most libraries in the world to organise their book 
collections. Dewey’s classification distinguished between 
10 main ‘science fields’: computer science, information and 
general works; philosophy and psychology; religion; social 
sciences; language; pure science; technology; arts and 
recreation; literature; and history and geography.

Various subsequent classifications of the sciences followed. 
One of the more ‘popular’ distinctions is that between 
the ‘hard’ and ‘soft’ sciences. A first discussion of 
this distinction is found in Norman Storer’s work (1967). 
Storer’s categorisation of disciplines is derived from 
differences in the methodological practices of different 
scientific fields or disciplines. According to Storer, the 
hard sciences are characterised by the use of rigorous 
mathematical methods which make the professional 
recognition of scientists the order of the day. The use 
of the term hard sciences was based on the level of 
mathematics (rigour) used in each field. Disciplines such 
as physics, chemistry and zoology are considered hard 
sciences, whereas political science and sociology are 
viewed as softer. Storer, however, is critical of the over-
simplistic use of these ‘classifications’.

Another popular distinction is often made between 
basic (pure) and applied sciences. This distinction 
was first introduced by Vannevar Bush in 1945 (Bush 
1945; Stokes 1997). As director of the Office of Scientific 
Research and Development, Bush used this distinction 
in his plans for scientific progress in the USA. Bush’s 
categorisation is founded on the goals of research, rather 
than their characteristics. For Bush, the basic sciences 
aim to contribute to the understanding of the phenomena 
within the relevant field as “basic research is performed 
without thought of practical ends” (Bush 1945). Applied 
research is defined as a response to a societal or individual 
need; in other words, applied research aims to produce 
research for a specific use. Following the Bush report, the 
assumption was generally that basic research was done out 
of intellectual curiosity, “to discover new knowledge for 

2  This section has borrowed extensively from Chapter 2 of a recent 
doctoral thesis by Milandré van Lill entitled A study of the doctoral 
pipeline: Time-to-degree in selected disciplines at South African universities 
(Van Lill 2019).

its own sake” (Stokes 1997: 11). Similarly, in the post-war 
period, it was believed that basic and applied research were 
two different undertakings by different researchers “with 
different gifts and different interests” (ibid.). This tension 
was at the forefront of Bush’s thinking about the functions 
of research and argued that the two cannot be conflated 
since “applied research [will] invariably drive out the pure” 
(Bush 1945).

The distinction between ‘basic’ and ‘applied research’ was 
formalised by the OECD in the first version of the Frascati 
Manual (1963). According to the OECD, basic research is 
defined as “experimental or theoretical work undertaken 
primarily to acquire new knowledge of the underlying 
foundation of phenomena and observable facts” (OECD 
2015: 365). Some of the ostensible differences between 
basic research and applied research include originality; 
that those working in basic research have more freedom 
compared to their applied research counterparts; and 
that the length of time between discovery and application 
differs between the two ‘types’ of fields (Stokes 1997: 
7). For Bush, basic advances in research are the primary 
source of technological innovation. This opposing 
positioning of the two types of research lies at the core 
of their distinction. Stokes argues that there exists an 
inherent tension between the two; that the one exists only 
in opposition to the other (Stokes 1997). He claims that 
‘understanding’ and ‘use’ are perceived as conflicting goals. 
For him, this renders this paradigm a static one.

Towards the latter half of the twentieth century, the 
rationale for doing research transcended Bush’s narrow 
classification. Nevertheless, and despite its limitations, the 
basic and applied dichotomy has been greatly influential 
in discerning between scientific disciplines. Gibbons 
et al. (1994), in their presentation of new modes of 
knowledge production, reconfigured Bush’s dichotomy. 
For these authors, doing basic research can be thought 
of as generating knowledge in ‘Mode1’, whereas ‘Mode 2’ 
includes applied knowledge or research. 

David Biglan (1973a; 1973b) introduced a framework 
that identifies the cognitive styles of academic fields 
in three dimensions: hard/soft, pure/applied and life/
non-life systems. These dimensions refer to first, the 
cognitive paradigm of a disciplinary area, second, its focus 
on practical application and third, whether it includes 
the study of life or non-life systems. Kolb (1981) built on 
Biglan’s framework by adding the learning-style dimensions 
of abstract-concrete3 and reflective-active. Kolb found 
that there exist strong similarities between his and 
Biglan’s classificatory framework. Kolb indexed disciplines 
in four quadrants which include the (1) concrete-
reflective, (2) abstract-reflective, (3) abstract-active, and 
(4) concrete-active. Fields in the natural sciences and 

3  Kolb drew from the writings of Snow (1998) in his use of the terms 
‘concrete’ and ‘abstract’.

2. Classifying scientific fields 
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mathematics are considered as abstract-reflective, while 
other science-based professions (such as engineering) 
fall in the abstract-active quadrant. The concrete-active 
fields include the social professions such as education, 
social work and law, while the concrete-reflective sciences 
include the humanities and social sciences. In the figure 
below, we illustrate Kolb’s dimension in relation to its 
conceptual counterparts as constructed by Biglan. 

FIGURE 3.2: BIGLAN AND KOLB’S CLASSIFICATION OF 
ACADEMIC DISCIPLINES

Abstract – reflective  
(hard pure)

Natural sciences
Mathematics

Abstract – active 
(hard applied)

Science-based professions
(engineering)

Concrete – reflective 
(soft pure)

Humanities
Social Sciences

Concrete – active 
(soft applied)

Social professions
(education, social work, law)

Recognising some of the issues and problems raised by 
any classification of scientific fields or disciplines, we 
decided to adopt a much more pragmatic approach to 
the classification of scientific fields. Given the focus 
of this study on the performance of the South African 
research enterprise, we decided to employ one of the 
standard bibliometric classification frameworks; namely, 
the classification of subject categories as contained in 
the WoS. This classification framework is a hierarchical 
system and can be analysed at four levels. At the lowest 
(most granulated) level, the framework distinguishes 
between 271 subject categories. At the highest level, it 
distinguishes between six main scientific fields. These 
fields – which show some correspondence with the Biglan/
Kolb framework – are: agricultural sciences, engineering 

sciences, health sciences, the humanities, natural sciences, 
and social sciences. In this section, we present the 
results of our analyses under each of these high level 
field headings. 

However, we are cognisant of the fact that these ‘fields’ 
are not homogenous as they differ hugely in terms of 
nature and size. As to the former, the distinctions between 
basic and applied, or between pure and professional, cut 
across these fields. As an example, the health sciences 
include both basic disciplines (such as anatomy, medicinal 
chemistry, haematology, etc.) as well as more applied 
and professional disciplines (most of the clinical and 
public health disciplines). The same applies to the social 
sciences, where one would typically consider fields such as 
psychology, sociology, economics and political studies to 
be the more basic disciplines, and fields such as education, 
social work and public management to be the more 
professional disciplines. Of course, these distinctions are 
even found within ‘disciplines’; for example, more basic 
sub-disciplines in psychology (such as research psychology, 
experimental psychology and social psychology) compared 
to the more professional sub-disciplines of clinical and 
counselling psychology.

In order to take some of the differences in size into 
account, we have followed a two-pronged approach: our 
main analysis (using all four categories of indicators) is first 
performed at the level of the six main fields. This is then 
complemented with further analyses at the sub-field level 
for the larger sub-fields. To illustrate this point: given the 
size of the ‘natural sciences’, we complement our analysis at 
the main scientific field level with bibliometric analyses of 
selected sub-fields or disciplines (in the case of the natural 
sciences, these would include biological sciences, chemical 
sciences, geological sciences, and physical sciences).
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3. Different perspectives on the six scientific fields
In our technical section (Technical Appendix), we discuss 
in detail the different data sources used in this report. As 
was pointed out in Part Two, for bibliometric purposes we 
predominantly conducted analyses using the WoS database 
which CREST has under a license agreement. However, 
the bibliometric analyses of researcher demographics are 
conducted drawing on SA Knowledgebase (SAK) – CREST’s 
proprietary database of university scientific publications 
in South Africa. For the purposes of the analyses in this 
section, it is important to emphasise and demonstrate 
how the difference between the two databases impact on 
our understanding of the nature of the six fields. The big 
difference is the inclusion of a large number (more than 
310) of local South African journals in SAK. Because these 
journals typically cater more for the social sciences and 
humanities, we get two very different perspectives on the 
relative size of the six fields. The figure below summarises 
the differences between the two data sources.

FIGURE 3.3: OVERVIEW OF THE SCOPE OF WOS AND SAK DATA

Journals covered Sectors covered

WoS List of approximately 
21 000 journals

All South African-authored 
publications

SAK All journals indexed 
in WoS, Scopus, the 
International Bibliography 
of the Social Sciences, 
and more than 310 
South African journals

Publications with 
affiliations at South African 
universities only

The results of a comparison of publications in these two 
databases by main scientific field for the period 2005 to 
2016 are presented below.4

FIGURE 3.4: DISTRIBUTION OF PUBLICATIONS BY MAIN 
SCIENTIFIC FIELD FOR WOS AND SAK (2005-2016)

The comparison between these two datasets shows 
to what extent publications in the social sciences and 
humanities are much better presented in SAK (39%) 
compared to WoS (22%). The difference is mostly 
explained by the differential coverage of the natural 
sciences in the two databases: in WoS, more than a third 

4  In order to be able to make comparisons between these two databases, 
we have integrated the WoS classification framework (of 271 subject 
categories) into SA Knowledgebase.

(36%) of all South African-authored papers are classified 
as belonging to the natural sciences, compared to 27% in 
SAK. It is important again to point out that the differences 
between the absolute numbers of articles, as reflected 
in the two figures, are due to the differences in coverage 
between the two databases (see Figure 3.3 above). 

WoS includes all articles with at least one South African 
author, irrespective of affiliation. It would, therefore, include 
articles produced by university-affiliated authors, as well as 
articles produced by authors affiliated to science councils, 
national facilities, government research organisations, and 
private sector organisations. SAK only includes articles 
authored by university-affiliated staff who qualify under the 
DHET funding scheme for publications. 

In the remainder of the section we utilise both datasets 
but for different indicators. All the ‘standard’ analyses 
of research output, collaboration, citation impact, 
quality and collaboration are based on analyses of data 
contained in the WoS database. As pointed out elsewhere 
in this report, this allows us to compare South Africa’s 
performance with other countries. Our discussion of 
researcher demographics (gender, race and age of author), 
on the other hand, is based on analyses of the data in SAK. 

Structure of section
For each of the main and sub-fields, we present the results 
of our analyses according to the three main dimensions of 
the research enterprise as highlighted in the introduction; 
namely, research funding, (research) capacity, and research 
performance. In addition, we also present the results of an 
analysis of the academic pipeline for each of the main fields.

 Web of Science  SA Knowledgebase

Humanities 

Agricultural sciences

Engineering &  
applied technologies

Social sciences

Health sciences

Natural sciences

5% 14%9 106 27 785

8% 6%13 150 12 101

12% 9%19 282 17 276

17% 25%28 027 49 665

22% 20%37 482 40 219

36% 27%60 261 54 640
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FIGURE 3.5: AGRICULTURAL SCIENCES: PERCENTAGE 
OF UNIQUE GRANT HOLDERS BY GENDER AND RACE 
(2002 AND 2015)

 

2. Academic staff capacity and 
diversity in the agricultural sciences
Our focus in this section is on the academic (instructional 
and research) capacity at South African universities. 
Universities have a number of missions of which two are 
of particular interest in this study; namely, to produce 
knowledge, and for universities to reproduce themselves 
by educating and training the high level, skilled knowledge 
workers and professionals for a country. Our specific 
interest here is to gain a better understanding (1) of 
the academic capacity at South African universities and 
whether this capacity has grown significantly over the 
past 16 years; (2) whether the capacity to supervise the 
next generation of academic and knowledge workers is 
expanding (the proportion of staff with doctoral degrees); 
and (3) whether the demographic profile of South Africa’s 
academics has changed over the 16 years and, if so, to 
what extent. 

Agricultural sciences

TABLE 3.2: AGRICULTURAL SCIENCES: SUMMARY TABLE ON GRANT HOLDERS AND GRANT VALUES7 (2002 AND 2015)

2002 2015 CAGR CAGR All Fields

No. of grant holders 118 363 9.0% 11.5%

No. of female grant holders 26 121 12.6% 16.9%

No. of black grant holders 11 133 21.1% 19.0%

Total value of individual grants R51 639 926 R130 698 781 7.4% 10.5%

Average value of individual grants R437 626 R360 052 -1.5% -1.2%

Average value of individual grants to female grant holders R385 388 R281 167 -2.4% 0.5%

Average value of individual grants to male grant holders R452 389 R399 494 -1.0% -0.5%

Average value of individual grants to black grant holders R95 128 R295 526 9.1% 3.4%

Average value of individual grants to white grant holders R472 837 R397 365 -1.3% 0.0%

7  All Rand values in this section have been adjusted for inflation.

1. NRF funding of agricultural sciences
Utilising the data on grant funding provided by the NRF 5, 
we present an overview of grants received by beneficiaries 
in the agricultural sciences as well as a profile of grant 
holders for the period 2002 to 2015. 

• The number of grant holders in agricultural sciences 
increased from 118 in 2002 to 363 in 2015 at a rate of 
increase of 9.0% which is slightly below the average 
across all fields at 11.5%.

• Female and black grant holders have become better 
represented with high rates of increase, especially for 
black grant holders, recorded in the number of female 
and black grant holders between 2002 and 2015.

• We see a substantial increase in the total value 
of individual grants in agricultural sciences from 
R51.6 million in 2002 to R130.7 million in 2015.6 

• The average value of individual grants, however, 
decreased from R437 626 in 2002 to R360 052 in 2015 
at a CAGR of -1.5% which is commensurate with the 
decline recorded for all fields.

• The average value of individual grants by race have 
become more equal since 2002, but the average 
grant values of white recipients remain higher than 

5 See the Technical Appendix for how we re-classified and subsequently 
analysed the NRF funding for this study.

6 In the Technical Appendix we indicate that all grant values have been 
adjusted over time for inflation.

TABLE 3.1: AGRICULTURAL SCIENCES: NO. OF UNIQUE GRANT 
HOLDERS BY GENDER AND RACE (2002 AND 2015)

2002 2015

Women 26 121

 Black 1 43

 White 25 78

Men 92 242

 Black 10 90

 White 82 152

Total 118 363

 

 
 

 

20152002

42%

25%
21%

12%

WHITE MEN
69%

WHITE WOMEN
21%

BLACK MEN
8%

BLACK WOMEN
1%

the corresponding values for black grant holders 
in 2015. The disparities in the average grant values by 
gender increased slightly where the average value of 
grants to male beneficiaries in 2015 is higher than the 
corresponding value for female beneficiaries.
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TABLE 3.3: AGRICULTURAL SCIENCES: KEY INDICATORS OF 
ACADEMIC CAPACITY AND DIVERSITY (2000-2015)

2000 2005 2010 2015 CAGR

Permanent 
instructional staff

391 563 598 647 3.4%

No. of instructional staff 
with PhD

125 207 279 354 7.2%

Proportion of instructional 
staff with PhD

32% 37% 47% 55%  

No. of female staff 79 158 206 237 7.6%

Proportion of female staff 20% 28% 34% 37%  

No. of black staff 53 133 161 223 10.1%

Proportion of black staff 15% 25% 31% 42%

No. of South African staff 357 524 525 525 2.6%

Proportion of 
South African staff

91% 93% 88% 81%

The significant shift in the proportions of staff by race is 
clearly illustrated in the graph below.

FIGURE 3.6: AGRICULTURAL SCIENCES: PROPORTIONS OF 
BLACK AND WHITE STAFF (2000-2015)

 

Salient points:

• The academic capacity in agricultural sciences increased 
at an average annual rate of 3.4% which is higher than the 
national average of 1.3% for the same period.

• The number of staff with doctoral degrees increased at 
an above average rate of 7.2% (compared to the national 
average of 3.3%) over this period, with the result that 55% 
of all staff in 2015 were in possession of a PhD which is 
higher than the national average of 42% in the same year.

• The demographic profile of academic staff in the agricultural 
sciences has changed significantly over the past 16 years: 
women are now better represented than in 2000 
(constituting 37% of all staff compared to 20% in 2000); 
black staff are also better represented (constituting 42% in 
2015 of all South African staff compared to 15% in 2000).

• Over this period, the proportion of South African 
academic staff declined (from 91% in 2000 to 81% in 
2015) as more foreign nationals were appointed.

3. The academic pipeline in the 
agricultural sciences
In the National Research and Development Strategy (DST 
2002), the authors distinguished between the current and 
future research capacity of a country. The future research 
capacity will emerge (mostly) from the production of the 
next generation of scientists and scholars, and specifically 
within the doctoral pipeline. In this section, we focus on 
three aspects of this pipeline: growth trends in doctoral 
enrolments, growth trends in doctoral graduations, and 
trends in the demographics of enrolments and graduates.

3.1 Doctoral enrolments: Growth rates 
and efficiency
Both total and new doctoral enrolments in the agricultural 
sciences increased at healthy rates of 10.4% and 8.9%, 
respectively. What is even more positive is that the rate of 
increase in the number of doctoral graduates observed was 
a healthy 14.4%. When the rate of graduation outstrips 
the rate of total enrolments it means that the system is 
becoming increasingly efficient over time (Table 3.4). 

TABLE 3.4: AGRICULTURAL SCIENCES: NO. OF DOCTORAL 
ENROLMENTS AND GRADUATES (2000-2015)

2000 2005 2010 2015 CAGR

Total enrolments 245 417 539 1 079 10.4%

New enrolments 78 140 125 279 8.9%

Graduates 21 57 71 158 14.4%

3.2 Doctoral enrolments: Transformation 
and internationalisation
Our analysis of transformation and the extent of 
internationalisation reveals the following trends (Table 3.5):

• Female doctoral enrolments increased at a higher rate 
than male students (14.3% compared to 8.4%);

• Black doctoral enrolments increased more than twice as 
fast as white enrolments (17.5% compared to 6.7%);8 and

• As far as the increase in foreign students is concerned, 
student enrolments from the rest of Africa increased at 
a slightly faster rate (11.5%) compared to the increase in 
the number of South African enrolments (10.3%).

TABLE 3.5: AGRICULTURAL SCIENCES: DOCTORAL 
ENROLMENTS – TRANSFORMATION AND 
INTERNATIONALISATION SUMMARY TABLE (2000-2015)

2000 2005 2010 2015 CAGR

Total enrolments 245 417 539 1 079 10.4%

Female enrolments 62 137 200 463 14.3%

Male enrolments 183 280 339 616 8.4%

RSA black enrolments 27 76 100 303 17.5%

RSA white enrolments 106 155 169 279 6.7%

Rest of Africa 90 157 251 462 11.5%

Rest of world 11 12 18 27 6.2%

South Africa 133 231 269 582 10.3%

8  Note: the disaggregation of race only applies to South African nationals.
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The result of the fairly significant demographic shifts (especially 
with regard to gender and race) is clearly illustrated when 
we compare the proportions in each subgroup between 
2000 and 2015. In 2000, female doctoral students constituted 
25% of all enrolments. By 2015, this had increased to 43%. 
In 2000, black doctoral students constituted 20% of all South 
African enrolments. By 2015 this had increased to 52%. 

The picture with regard to the share of foreign students, 
and especially students from the rest of Africa, is 
interesting. Agricultural sciences is one of the few fields 
in South Africa where the proportion of students from 
the rest of Africa has always been high. We have seen that 
the rate of increase in students from the rest of Africa 
was slightly faster than the growth rate of South African 
students. This has led to a slight shift in the relative 
proportions of these two groups. In 2000, students from 
the rest of Africa constituted 37% of all enrolled students. 
By 2015, this had increased to 38%. 

3.3 Doctoral graduates: Transformation 
and internationalisation
Our analysis of transformation and the extent of 
internationalisation reveals the following trends (Table 3.6):

• Female doctoral graduates increased at an even higher 
rate than male graduates (21.8% compared to 11.0%);

• Black doctoral graduates increased at a rate nearly thrice 
as fast as white graduates (27.2% compared to 9.4%); and

• As far as the increase in foreign graduates is concerned, 
the number of students from the rest of Africa increased 
at a very high rate of 19.5% compared to the growth rate 
of South African graduates of 13.2%.

TABLE 3.6: AGRICULTURAL SCIENCES: DOCTORAL 
GRADUATES - TRANSFORMATION AND 
INTERNATIONALISATION SUMMARY TABLE (2000-2015)

2000 2005 2010 2015 CAGR

Total graduates 21 57 71 158 14.4%

Female graduates 4 19 27 77 21.8%

Male graduates 17 38 44 81 11.0%

RSA black graduates 1 10 12 37 27.2%

RSA white graduates 12 21 24 46 9.4%

Rest of Africa 5 23 32 72  19.5%

Rest of world 1 1 3 3 7.6%

South Africa 13 31 36 83 13.2%

The result of the fairly significant demographic shifts 
(especially with regard to gender and race) is clearly 
illustrated when we compare the proportions in each 
subgroup between 2000 and 2015. In 2000, female doctoral 
students constituted 19% of all graduates. By 2015, this 
had increased to 49%. In 2000, black doctoral students 
constituted only 8% of all South African graduates. By 2015, 
this proportion had increased to 45%. 

FIGURE 3.9: AGRICULTURAL SCIENCES: TOTAL DOCTORAL 
ENROLMENTS BY REGION (2000 AND 2015)

FIGURE 3.7: AGRICULTURAL SCIENCES: TOTAL DOCTORAL 
ENROLMENTS BY GENDER (2000 AND 2015)

 Female enrolments  Male enrolments 

FIGURE 3.8: AGRICULTURAL SCIENCES: TOTAL DOCTORAL 
ENROLMENTS BY RACE (2000 AND 2015)

 Black enrolments   White enrolments 

 South Africa  Rest of World  Rest of Africa
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FIGURE 3.10: AGRICULTURAL SCIENCES: DOCTORAL 
GRADUATES BY GENDER (2000 AND 2015)

 

4. Research performance
Between 2000 and 2016, South African scientists authored 
or co-authored 13 150 articles in the WoS in the field of 
agricultural sciences. The breakdown by year (Figure 3.13) 
shows a steady increase in output from 451 articles in 2000 
to 1 202 in 2016, at a CAGR of 6.3%. This growth in the 
number of publications has translated into an increase in 
world share: from 0.9% in 2000 to 1.3% in 2016. It has also 
meant that South Africa’s rank in the world improved from 
27th in 2000 to 23rd in 2016.
 

4.1 The sub-fields of agricultural sciences
Although there is some coherence in what is referred 
to as the ‘agricultural sciences’ (as reflected in the 
existence of faculties of agricultural sciences), it is still 
a field with diverse sub-fields. In the tree map below, 
we show the relative share of each of the sub-fields 
(or disciplines) of the overall output between 2000 and 
2016.9 The map shows the dominance of sub-fields such 
as plant sciences, veterinary sciences, food science and 
technology, agronomy, and dairy and animal sciences. 
It also shows the relatively small production of output 
in areas such as fisheries, soil science, and especially 
agricultural economics and agricultural engineering.

4.2 Research quality
Assessing the quality of research is regarded as one of the 
biggest challenges in scientometrics. We decided to employ 
an indicator that we believe is a reasonable proxy for 

9  The tree map is based on the subject categories in WoS. Because
fields are ‘constructed’ by assigning journals to each subject category, and
because the same journal can typically be assigned to more than one subject
category, the total of papers in this map will exceed the total of unique
papers. The tree map is organised in descending order from the
highest to lowest numbers of papers per sub-field; in other words, the size
of the blocks correspond to the share of each sub-field to total output.
We have in each case selected the fields that produced at least 85% of all
publication outputs.
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FIGURE 3.13: AGRICULTURAL SCIENCES: SOUTH AFRICA’S 
PUBLICATION OUTPUT (WOS) (2000-2016)

 Black graduates    White graduates 

FIGURE 3.11: AGRICULTURAL SCIENCES: DOCTORAL 
GRADUATES BY RACE (2000 AND 2015)

Given the recent trends in doctoral enrolments in the field, 
it is not surprising to find that graduates from the rest of 
Africa made a near equal contribution to the number of all 
graduates in 2015. In 2000, students from the rest of Africa 
constituted about a quarter of all graduates. By 2015, this 
had increased to 46%. 

FIGURE 3.12: AGRICULTURAL SCIENCES: DOCTORAL 
GRADUATES BY REGION (2000 AND 2015)
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research quality; namely, the proportion of papers in the top 
quartiles of WoS journals (quartiles as categorised by the 
journal impact factor). In the figure below, we present the 
distribution of papers produced in the agricultural sciences 
by quartile. The results show a significant increase in the 
proportions of papers that were published in higher impact 
journals; that is, in Q1 and Q2 ranked journals. In 2000, 
slightly more than half of papers (54%) appeared in these 
journals. By 2016, this proportion has increased to 72%.

FIGURE 3.15: AGRICULTURAL SCIENCES: SOUTH AFRICAN 
DISTRIBUTION OF OUTPUT JIF QUARTILES (2000-2016)

 

4.3 Positional analysis
In Figure 3.16, we present another perspective on the 
field by combining two indicators: the citation impact 
(MNCS) of each sub-field with its RFS. In addition, the 
size of the circles corresponds with the overall number of 
publications. This results in a two-dimensional positioning 
of each sub-field, creating four quadrants. The top right-
hand quadrant includes four disciplines where the RFS 
score and the MNCS are both above 1. This means that 
these fields have relatively high (citation) visibility and 

are already relatively more active (strong) than the other 
fields. 

In the case of the agricultural sciences, these fields include 
one of the larger disciplines (veterinary sciences), as well 
as some of the smaller fields (horticulture, fisheries and 
soil science). The majority of the sub-fields are located in 
the bottom right quadrant. These fields (including plant 
sciences, agriculture-general, food science, and agronomy) 
are relatively active fields (compared to the world averages 
for these fields), but their citation impact is below the 
world average (of 1). There are two outliers on this graph: 
agricultural engineering with a high citation visibility, and 
agricultural economics with very low citation impact – 
although a relatively active and strong field.

FIGURE 3.16: AGRICULTURAL SCIENCES: MNCS VS RFS FOR 
SUB-FIELDS (2009-2016)
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FIGURE 3.14: AGRICULTURAL SCIENCES: PUBLICATION OUTPUTS BY SUB-FIELDS (WOS) (2000-2016)
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4.4 Research collaboration
Research collaboration is typically measured (in bibliometrics) 
through an analysis of authorship trends. Four categories of 
collaboration are distinguished in this manner:

1. No collaboration (either single-authored articles or 
single-institution authorship);

2. National collaboration (multiple authors from more 
than one institution in South Africa);

3. (International) collaboration with scientists from 
African countries only; and

4. International collaboration with scientists from 
countries outside of Africa.

The results of our analysis for agricultural sciences 
reveal two main (linked) trends over time: an increase 
in collaboration with scientists outside of Africa, and a 
concomitant decline in collaboration nationally. By 2016, 
internationally collaborative papers constituted 50% 
of all papers, and nationally collaborative papers 46% 
(a significant decrease from the 60% in 2000). As far as 
collaboration with African authors (only) is concerned, 
the analysis shows a steady increase from a near zero base 
in 2000 to about 8% in 2016. Single-authored papers have 
declined steadily over time and now constitute a negligible 
proportion of all agricultural papers.

FIGURE 3.17: AGRICULTURAL SCIENCES: SOUTH AFRICA 
PUBLICATION COLLABORATION PROFILES (2000-2016)

 

4.5 Researcher demographics
In the next three graphs we present information on the 
demographics of the researchers who typically produce 
publications in the agricultural sciences. We present 
information on the gender, race and age category of 
authors.10 Agricultural sciences is traditionally seen as a 
male-dominated field. This is confirmed by the fact that 

10 The data presented here is based on analysis of CREST’s proprietary 
database, SA Knowledgebase. The timeframes of these results are different 
to the previous figures, since SA Knowledgebase only covers publications 
from 2005-2016.

72% of the publication output between 2005 and 2016 was 
produced by male authors. The breakdown by year shows 
that the relative shares of male and female authors have 
not changed substantially over this period.

FIGURE 3.18: AGRICULTURAL SCIENCES: RESEARCHER GENDER 
(2005-2016)

 

Between 2005 and 2016, white authors dominated 
publication output in the agricultural sciences, producing 
on average 83% of all papers. The breakdown by year 
shows that the relative share of black scientists and 
academics has increased steadily from 7% in 2005 to 22% 
in 2016. 

FIGURE 3.19: AGRICULTURAL SCIENCES: RESEARCHER RACE 
(2005-2016)

 

One of the key challenges in any research system is to 
ensure the constant rejuvenation of the human resource 
base in a specific field. It is imperative that the university 
system, specifically, not only produces optimal publication 
outputs, but also reproduces itself by producing high 
quality graduates. It is equally essential that large numbers 
of these graduates are absorbed into the research system, 
and become productive contributors to knowledge 
production in the country. One measure of the extent to 
which South African science is meeting these demands is to 
analyse trends in the ages of productive authors of articles. 

In the next two figures, we present the results of our 
analysis for the field of agricultural sciences. The first 
figure shows the breakdown by age intervals for the entire 
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period 2005-2016. The next figure presents a breakdown 
of the figures by year. The results can be regarded as 
positive as it is clear that increasing numbers of younger 
scientists (below the age of 40) are starting to contribute 
to the research output in the field. Conversely, smaller 
proportions of output – especially over the past five to six 
years – are produced by authors over the age of 60.

FIGURE 3.20: AGRICULTURAL SCIENCES: RESEARCHER AGE 
(2005-2016)

FIGURE 3.21: AGRICULTURAL SCIENCES: RESEARCHER AGE BY 
YEAR (2005-2016)

 

4.6 Sub-field analyses
Deeper analyses were conducted for the following 
sub-fields included under the heading of the agricultural 
sciences: agronomy, dairy and animal sciences, food science 
and technology, plant sciences, and veterinary sciences.

Agronomy

The tree map below presents a breakdown of the individual 
institutional11 contributions to the field for the period 2000 
to 2016 (total articles = 1 241). The 11 institutions included 
produced the vast majority of total output.12

11 Abbreviations used in the tree map are available in the Technical 
Appendix’s list of institutions.

12 We employ full paper counting at the institutional level throughout 
this section. This means that a paper is credited to each institution with 
an author on the paper. In all cases where we present the breakdown of 
output by institution, we have selected those institutions that together 
produced more than 80% of total output in the (sub)field.

FIGURE 3.22: AGRONOMY PUBLICATIONS BY INSTITUTION 
(WOS) (2000-2016)

 

In the following table we present the results of different 
analyses based on the WoS and SAK. The analysis based 
on the WoS presents information on the shifts in world 
share, world rank and research quality between 2000 and 
2016. The analysis based on SAK presents information 
on the researcher demographics and trends between 
2005 and 2016. In both cases, we present information on 
the absolute number of articles that appear in these two 
sources. As explained in the introduction to this section, 
the publications in WoS represent the total output in 
WoS-indexed journals for all South African-authored 
papers, whereas the number of publications listed for 
SAK represent the output by South African academics 
only – but now including all journals recognised for subsidy 
by the DHET (WoS, Scopus, International Bibliography 
of the Sciences (IBSS), and local South African journals). 
It is typical that the total number of publications in most 
of the agricultural sciences in these two databases would 
not differ hugely since there are few local South African 
journals in the field that are not included in the WoS.

TABLE 3.7: AGRONOMY KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 35 51 83 155

Publications in SAK 82 100 140

World share (WoS) 0.7% 0.9% 1.0% 1.4%

World rank (WoS) 28 25 22 20

% in Q1 and Q2 quartiles (WoS) 56% 58% 75% 67%

Citation impact: MNCS (WoS) 0.89 0.75 0.90 0.89

% female authors (SAK) 28% 26% 24%

% black authors (SAK) 10% 16% 22%

% authors younger than 40 (SAK) 22% 22% 10%

Dairy and animal science

The tree map in Figure 3.22 presents a breakdown of 
the individual institutional contributions to the field 
for the period 2000-2016 (total articles = 1 217). 
The 10 institutions included produced 86% of the total 
output. Not surprisingly, universities with strong faculties 
of agriculture (UP, SU, UKZN and UFS) dominate the field, 
followed by papers authored by ARC staff.

 <30  30-39  40-49  50-59  60+

100%
90%
 80%
70% 
60%
50% 
40%
30%
20%
10%
 0% 

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

 <30 

 30-39 

 40-49 

 50-59 

 60+

7 980 
32% 

2 539 
10% 

96
0% 

8 194 
32% 

6 521 
26% 

UFH
33

UP
351

UKZN
243

SU
184

SASRI
83

NWU
44

UCT 
38

CSIR
35

CRI 
41

UFS
167

ARC
165



83

PART THREE

FIGURE 3.23: DAIRY AND ANIMAL SCIENCE PUBLICATIONS BY 
INSTITUTION (WOS) (2000-2016)

 

TABLE 3.8: DAIRY AND ANIMAL SCIENCE KEY INDICATORS 
(2000-2016)

2000 2005 2010 2016

Publications in WoS 70 37 72 89

Publications in SAK 46 85 78

World share (WoS) 1.5% 0.7% 1.1% 1.3%

World rank (WoS) 18 31 27 24

% in Q1 and Q2 quartiles (WoS) 19% 41% 65% 66%

Citation impact: MNCS (WoS) 0.49 0.57 1.02 0.68

% female authors (SAK) 16% 19% 19%

% black authors (SAK) 4% 20% 39%

% authors younger than 40 (SAK) 25% 22% 17%

Food science and technology

The tree map below presents a breakdown of the individual 
institutions that produced the majority of the output for the 
field for the period 2000 to 2016 (total articles = 1 867). 

FIGURE 3.24: FOOD SCIENCE AND TECHNOLOGY 
PUBLICATIONS BY INSTITUTION (WOS) (2000-2016)

 

TABLE 3.9: FOOD SCIENCE AND TECHNOLOGY KEY 
INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 41 70 132 215

Publications in SAK 65 114 160

World share (WoS) 0.5% 0.6% 0.7% 1.0%

World rank (WoS) 37 34 36 29

% in Q1 and Q2 quartiles (WoS) 78% 89% 57% 74%

Citation impact: MNCS (WoS) 1.00 1.11 0.95 1.08

% female authors (SAK) 35% 39% 39%

% black authors (SAK) 11% 19% 35%

% authors younger than 40 (SAK) 31% 24% 22%

Plant sciences

The tree map below presents a breakdown of the 
12 individual institutional contributions to the field that 
produced the bulk of the output for the period 2000 to 
2016 (total publications = 5 023). Besides relatively strong 
contributions by the South African National Biodiversity 
Institute (SANBI) and ARC, the biggest share of output in 
the field was produced by the universities. 

FIGURE 3.25: PLANT SCIENCES PUBLICATIONS BY 
INSTITUTION (WOS) (2000-2016)

 

TABLE 3.10: PLANT SCIENCES KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 189 218 283 436

Publications in SAK 197 311 424

World share (WoS) 1.4% 1.5% 1.5% 1.9%

World rank (WoS) 22 21 24 19

% in Q1 and Q2 quartiles (WoS) 48% 53% 54% 72%

Citation impact: MNCS (WoS) 0.61 0.62 0.88 0.83

% female authors (SAK) 28% 29% 32%

% black authors (SAK) 8% 13% 19%

% authors younger than 40 (SAK) 26% 31% 21%

 
Veterinary sciences

The tree map below presents a breakdown of the individual 
university contributions to the field for the period 2000 
to 2016 (total articles = 2 328). Not surprisingly, the 
only South African veterinary faculty at the University of 
Pretoria dominates output in the field. The 13 institutions 
included here produced the bulk of the output in the field.

FIGURE 3.26: VETERINARY SCIENCES PUBLICATIONS BY 
INSTITUTION (WOS) (2000-2016)
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TABLE 3.11: VETERINARY SCIENCES KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 96 101 126 158

Publications in SAK 83 129 153

World share (WoS) 0.9% 0.9% 0.9% 1.2%

World rank (WoS) 22 24 29 27

% in Q1 and Q2 quartiles (WoS) 60% 32% 60% 69%

Citation impact: MNCS (WoS) 1.12 0.83 1.29 0.90

% female authors (SAK) 25% 35% 29%

% black authors (SAK) 6% 20% 24%

% authors younger than 40 (SAK) 26% 25% 14%
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FIGURE 3.27: VETERINARY SCIENCES: UNIVERSITY SHARES (SAK)

 

5. Summary assessment of the state of the agricultural sciences
The table below presents a summary of the results of our analyses on the different indicators pertaining to the state and 
performance of the agricultural sciences. On each indicator we compare the performance of agricultural sciences with all 
the other science fields. 

TABLE 3.12: AGRICULTURAL SCIENCES SUMMARY SCORECARD

Category Indicator Trends for agricultural sciences All fields

Research funding No. of grant holders Increased from 118 in 2002 to 363 in 2015 at 
a CAGR of 9.0%

Increased from 1 023 in 2002 to 4 199 in 
2015 at a CAGR of 11.5%

No. of female grant holders Increased from 26 in 2002 to 121 in 2015 at 
a CAGR of 12.6%

Increased from 203 in 2002 to 1 522 in 2015 
at a CAGR of 16.9%

No. of black grant holders Increased from 11 in 2002 to 133 in 2015 at a 
CAGR of 21.1%

Increased from 135 in 2002 to 1 289 in 2015 
at a CAGR of 19.0%

Average grant value Decreased from R437k in 2002 to R360k in 
2015 at a CAGR of -1.5%

Decreased from R409k in 2002 to R367k in 
2015 at a CAGR of -0.8%

Staff capacity Permanent instructional 
staff

Increased from 391 in 2000 to 647 in 2015 at 
a CAGR of 3.4% 

Increased from 12 973 in 2000 to 15 641 in 
2015 at a CAGR of 1.3% 

Staff quality Proportion of instructional 
staff with a PhD

Increased from 32% in 2000 to 55% in 2015 Increased from 32% in 2000 to 42% in 2015

Staff diversity Proportion of female staff Increased from 20% in 2000 to 37% in 2015 Increased from 38% in 2000 to 47% in 2015

Proportion of black staff Increased from 15% in 2000 to 42% in 2015 Increased from 31% in 2000 to 50% in 2015

Proportion of RSA staff Decreased from 91% in 2000 to 81% in 2015 Decreased from 89% in 2000 to 87% in 2015

Doctoral 
enrolments

Total enrolments Increased from 245 in 2000 to 1 079 in 2015 
at a CAGR of 10.4% 

Increased from 6 446 in 2000 to 19 557 in 
2015 at a CAGR of 7.7%

New enrolments Increased from 78 in 2000 to 279 in 2015 at 
a CAGR of 8.9% 

Increased from 2 117 in 2000 to 7 379 in 
2015 at a CAGR of 8.7%

Female enrolments Increased from 62 in 2000 to 463 in 2015 at 
a CAGR of 14.3% 

Increased from 2 452 in 2000 to 8 667 in 
2015 at a CAGR of 8.8%

Black enrolments Increased from 27 in 2000 to 303 in 2015 at 
a CAGR of 17.5% 

Increased from 1 667 in 2000 to 6 531 in 
2015 at a CAGR of 9.5%

RSA enrolments Increased from 133 in 2000 to 582 in 2015 at 
a CAGR of 10.3% 

Increased from 5 197 in 2000 to 11 813 in 
2015 at a CAGR of 5.6% 

Doctoral 
graduates

Graduates Increased from 21 in 2000 to 158 in 2015 at 
a CAGR of 14.4% 

Increased from 972 in 2000 to 2 524 in 2015 
at a CAGR of 6.6%

Female graduates Increased from 4 in 2000 to 77 in 2015 at a 
CAGR of 21.8% 

Increased from 400 in 2000 to 1 115 in 2015 
at a CAGR of 7.1%

Black graduates Increased from 1 in 2000 to 37 in 2015 at a 
CAGR of 27.2%

Increased from 194 in 2000 to 719 in 2015 at 
a CAGR of 9.1% 

RSA graduates Increased from 13 in 2000 to 83 in 2015 at a 
CAGR of 13.2% 

Increased from 789 in 2000 to 1 525 in 2015 
at a CAGR of 4.5%
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Category Indicator Trends for agricultural sciences All fields

Research output 
(WoS)

No. of publications (WoS) Increased from 451 in 2000 to 1 202 in 2016 
at a CAGR of 6.3%

Increased from 3 668 in 2000 to 15 550 in 
2016 at a CAGR of 9.4%

World rank Improved from 27 to 23 Improved from 35 to 28 

World share of publications Increased from 0.9% in 2000 to 1.3% in 2016 Increased from 0.44% in 2000 to 0.92% in 2016

Relative field 
strength

RFS score Declined from 2.1 in 2000 to 1.4 in 2016 1.0

Research quality Articles in top (Q1 and Q2) 
quartiles

Proportion in top quartiles increased from 
54% in 2000 to 72% in 2016

N/A

Research 
collaboration

Proportion of internationally 
co-authored publications

Increased from 25% in 2000 to 50% in 2016 Increased from 34% in 2000 to 55% in 2016

Citation impact MNCS Increased from 0.80 in 2000 to 0.96 in 2016 Improved from 0.8 in 2000 to 1.1 in 2016

Research 
transformation 
(SAK)

Gender: share of female 
authors

Contribution of women increased marginally
from 24% in 2005 to 28% in 2016.

Contribution of women in all fields
increased from 31% in 2005 to 34% in 2016

Race: share of black authors Share of black-authored papers increased
from 8% in 2005 to 24% in 2016

Share of black-authored papers in all fields
increased from 16% in 2005 to 31% in 2016

Age group: share of authors 
under age of 40

Contribution of authors under age of 40
decreased from 27% in 2005 to 18% in 2016

Contribution of authors under the age of 40
decreased from 27% in 2005 to 25% in 2016
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1. NRF funding of engineering sciences
Utilising the data on grant funding provided by the NRF13, 
we present an overview of grants received by beneficiaries 
in engineering sciences as well as a profile of grant holders 
for the period 2002 to 2015. 

• The number of grant holders in engineering sciences 
increased from 132 in 2002 to 410 in 2015 at a rate 
of increase of 9.1% which is slightly below the average 
across all fields at 11.5%.

• Female and black grant holders have become better 
represented with high rates of increase, especially for 
black grant holders, recorded in the number of female 
and black grant holders between 2002 and 2015.

• We see an increase in the total value of individual grants 
in engineering sciences from R118.3 million in 2002 to 
R161.3 million in 2015.14 

• The average value of individual grants, however, 
decreased substantially from R896 430 in 2002 to 
R393 424 in 2015 at a CAGR of -6.1% which is much 
greater than the decline recorded for all fields.

• The average value of individual grants by gender and race 
have become more equal since 2002, but the average 
grant values of white recipients remain higher than the 
corresponding values for black grant holders in 2015. 

TABLE 3.14: ENGINEERING SCIENCES: NO. OF UNIQUE GRANT 
HOLDERS BY GENDER AND RACE (2002 AND 2015)

2002 2015

Women 14 97

Black 2 28

White 12 69

Men 117 311

Black 12 116

White 105 195

Total 131 408

13 See the Technical Appendix for how we re-classified and subsequently 
analysed the NRF funding for this study.

14  In the Technical Appendix we indicate that all grant values have been 
adjusted over time for inflation.

FIGURE 3.28: ENGINEERING SCIENCES: PERCENTAGE OF UNIQUE 
GRANT HOLDERS BY GENDER AND RACE (2002 AND 2015)

 

2. Academic staff capacity and 
diversity in the engineering sciences
Our specific interest in this section is to gain a better 
understanding (1) of the academic capacity at South 
African universities and whether this capacity has grown 
significantly over the past 16 years; (2) whether the 
capacity to supervise the next generation of academic and 
knowledge workers is expanding (the proportion of staff 
with doctoral degrees); and (3) whether the demographic 
profile of South Africa’s academics has changed over this 
period and, if so, to what extent. 

TABLE 3.15: ENGINEERING SCIENCES: KEY INDICATORS OF 
ACADEMIC CAPACITY AND DIVERSITY (2000-2015)

2000 2005 2010 2015 CAGR

No. of permanent staff 1 537 1 716 1 626 1 629 0.4%

No. of staff with PhD 338 358 512 602 3.9%

Proportion of staff  
with PhD

22% 21% 31% 37%

No. of female staff 249 335 294 322 1.7%

Proportion of 
female staff

16% 20% 18% 20%

No. of black staff 297 445 434 527 3.9%

Proportion of 
black staff

22% 28% 32% 40%

No. of RSA staff 1 339 1 592 1 377 1 309 -0.2%

Proportion of RSA staff 87% 93% 85% 80%

TABLE 3.13: ENGINEERING SCIENCES: SUMMARY TABLE ON GRANT HOLDERS AND GRANT VALUES (2002 AND 2015)

2002 2015 CAGR CAGR  
All Fields

No. of grant holders 132 410 9.1% 11.5%

No. of female grant holders 14 97 16.1% 16.9%

No. of black grant holders 14 144 19.6% 19.0%

Total value of individual grants R118 328 785 R161 303 645 2.4% 10.5%

Average value of individual grants R896 430 R393 424 -6.1% -1.2%

Average value of individual grants to female grant holders R577 628 R419 831 -2.4% 0.5%

Average value of individual grants to male grant holders R942 239 R387 683 -6.6% -0.5%

Average value of individual grants to black grant holders R220 249 R252 359 1.1% 3.4%

Average value of individual grants to white grant holders R982 177 R473 259 -5.5% 0.0%
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FIGURE 3.29: ENGINEERING SCIENCES: PROPORTIONS OF 
BLACK AND WHITE STAFF (2000-2015)

 

Salient points:

• The academic capacity in the engineering sciences 
increased at an average annual rate of 0.4%, which 
is lower than the national average (1.3%) for the 
same period.

• The number of staff with doctoral degrees increased at a 
rate of 3.9% (compared to the national average of 3.3%) 
over this period, with the result that 37% of all staff in 
2015 were in possession of a PhD (although this remains 
lower than the national average of 42%).

• The profile of academic staff in the engineering sciences 
has changed significantly over the past 16 years: women 
are now better represented than in 2000 (constituting 
20% of all staff compared to 16% in 2000); black staff are 
better represented (constituting 40% of all staff in 2015 
compared to 22% in 2000).

• Over this period, the proportion of South African 
academic staff declined (from 87% in 2000 to 80% 
in 2015) as more foreign nationals were appointed.

3. The academic pipeline in 
engineering sciences
In this section, we focus specifically on three aspects of the 
academic pipeline: growth trends in doctoral enrolments, 
growth trends in doctoral graduations, and trends in the 
demographics of enrolments and graduates.

3.1 Doctoral enrolments:  
Growth rates and efficiency
Both total and new doctoral enrolments in the engineering 
sciences increased at steady rates of 7.7% and 5.9%, 
respectively. What is even more positive is that the rate 
of increase in the number of doctoral graduates observed 
was a very respectable 8.3%. When the rate of graduation 
outstrips the rate of total enrolments it means that the 
system becomes increasingly efficient over time. 
 

TABLE 3.16: ENGINEERING SCIENCES: NO. OF DOCTORAL 
ENROLMENTS AND GRADUATES (2000-2015)

2000 2005 2010 2015 CAGR

Total enrolments 559 769 971 1 699 7.7%

New enrolments 178 187 270 420 5.9%

Graduates 67 83 111 221 8.3%

3.2 Doctoral enrolments: Transformation 
and internationalisation 
Our analysis of transformation and the extent of 
internationalisation15 reveals the following trends (Table 3.17):

• Female doctoral enrolments increased at a higher rate 
than male students (12.5% compared to 6.8%);

• Black doctoral enrolments increased by a factor of more 
than five times faster than white enrolments (13.7% 
compared to 2.4%);16 and

• As far as the increase in foreign students is concerned, 
student enrolments from the rest of Africa increased at 
a much faster rate (20.9%) compared to the increase in 
the number of South African enrolments (5.2%).

TABLE 3.17: ENGINEERING SCIENCES: DOCTORAL 
ENROLMENTS - TRANSFORMATION AND 
INTERNATIONALISATION SUMMARY TABLE (2000-2015)

2000 2005 2010 2015 CAGR

Total enrolments 559 769 971 1 699 7.7%

Female enrolments 62 114 167 362 12.5%

Male enrolments 496 655 804 1 337 6.8%

RSA black enrolments 54 147 201 372 13.7%

RSA white enrolments 389 418 429 556 2.4%

Rest of Africa 37 146 264 638 20.9%

Rest of world 46 52 68 113 6.2%

South Africa 443 565 631 940 5.2%

The result of the fairly significant demographic shifts 
(especially with regard to gender and race) is clearly 
illustrated when we compare the proportions in each 
subgroup between 2000 and 2015. In 2000, female doctoral 
students constituted 11% of all enrolments. By 2015, this 
had increased to 21%. In 2000, black doctoral students 
constituted 12% of all South African enrolments. By 2015, 
this proportion had increased to 40%. 

15 The figures for each subgroup do not sum to the overall number of 
enrolments because a number of records for gender, race and region are 
indicated as being ‘unknown’.

16 Note: the disaggregation of race only applies to South African nationals.
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FIGURE 3.30: ENGINEERING SCIENCES: TOTAL DOCTORAL 
ENROLMENTS BY GENDER (2000 AND 2015)

 

FIGURE 3.31: ENGINEERING SCIENCES: TOTAL DOCTORAL 
ENROLMENTS BY RACE (2000 AND 2015)

 

The picture with regard to the share of foreign students, 
and especially students from the rest of Africa, is quite 
interesting as it shows the extent to which foreign students 
have begun to contribute significantly to the academic 
pipeline in engineering. In 2000, students from the rest 
of Africa constituted a small 7% of all enrolled students. 
By 2015 this has increased to 38%. The proportion of 
foreign students from outside of Africa has remained 
relatively unchanged.

FIGURE 3.32: ENGINEERING SCIENCES: TOTAL DOCTORAL 
ENROLMENTS BY REGION (2000 AND 2015)

3.3 Doctoral graduates: Transformation 
and internationalisation
Our analysis of transformation and the extent of 
internationalisation reveals the following trends 
(Table 3.18):

• Female doctoral graduates increased at a slightly higher 
rate than male graduates (9.5% compared to 8%);

• Black doctoral graduates increased at a rate more than 
four times as fast as white graduates (18.6% compared to 
4.6%); and

• As far as the increase in foreign graduates is concerned, 
the number of students from the rest of Africa increased 
at a very high rate of 25.9% compared to the growth rate 
of South African graduates of 6.6%.

TABLE 3.18: ENGINEERING SCIENCES: DOCTORAL GRADUATES 
- TRANSFORMATION AND INTERNATIONALISATION SUMMARY 
TABLE (2000-2015)

2000 2005 2010 2015 CAGR

Total graduates 67 83 111 221 8.3%

Female graduates 12 15 14 47 9.5%

Male graduates 55 68 97 174 8.0%

RSA black graduates 3 10 9 39 18.6%

RSA white graduates 52 48 54 102 4.6%

Rest of Africa 2 17 37 63 25.9%

Rest of world 3 8 9 14 10.8%

South Africa 55 58 63 143 6.6%

The results reveal some demographic shifts. In 2000, 
female doctoral students constituted 18% of all graduates; 
by 2015, this had increased to 21%. In 2000, black 
doctoral students constituted only 3% of all South African 
graduates; by 2015, this had increased to 28%.

FIGURE 3.33: ENGINEERING SCIENCES: DOCTORAL 
GRADUATES BY GENDER (2000 AND 2015)

FIGURE 3.34: ENGINEERING SCIENCES: DOCTORAL 
GRADUATES BY RACE (2000 AND 2015)

 Female graduates  Male graduates 

 South Africa  Rest of World  Rest of Africa

46
9%

37
7% 638

38%

113
7%

443
84%

940
55%

2000 2015

 Female enrolments  Male enrolments 

 Black enrolments   White enrolments 

 Black graduates   White graduates 



89

PART THREE

Given the recent trends in doctoral enrolments in the field, 
it is not surprising to find that graduates from the rest of 
Africa made a substantial contribution to the number of 
graduates in 2015: in 2000, students from the rest of Africa 
constituted only 3% of all graduates; by 2015 this had 
increased to 29%. 

FIGURE 3.35: ENGINEERING SCIENCES: DOCTORAL 
GRADUATES BY REGION (2000 AND 2015)

  

4. Research performance
Between 2000 and 2016, South African engineering 
scientists (co-)authored 19 282 articles in the WoS. The 
breakdown by year (Figure 3.36) shows a steady increase 
in output over this period: in 2000, scientists produced 
552 publications and this number increased to 2 411 by 
2016, at a CAGR of 9.7%. This growth in the number of 
publications has translated into an increase in world share: 
from 0.4% in 2000 to 0.6% in 2016. However, this rate 
of increase was below the average rate of increase in the 
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FIGURE 3.37: ENGINEERING SCIENCES: PUBLICATION OUTPUTS BY SUB-FIELDS (2000-2016)

world in the field with the result that South Africa’s rank in 
the world declined from 35th in 2000 to 38th in 2016.

FIGURE 3.36: ENGINEERING SCIENCES: SOUTH AFRICA’S 
PUBLICATION OUTPUT (WOS) (2000-2016)

 

4.1 The sub-fields of engineering sciences
Despite the obvious coherence of the field (as reflected in 
the existence of faculties of engineering sciences), it is still a 
field with diverse sub-fields. In the tree map below, we show 
the relative share of each of the sub-fields (or disciplines) 
to the overall output between 2000 and 2016.17 Aside from 

17  The tree map is based on the subject categories in WoS. Because fields 
are ‘constructed’ by assigning journals to each subject category, and because 
the same journal can typically be assigned to more than one subject category, 
the total of papers in this map will exceed the total of unique papers. The tree 
map is organised in descending order from the highest to lowest numbers 
of papers per sub-field; in other words, the size of the blocks correspond to 
the share of each sub-field to total output. We have in each case selected the 
fields that produced at least 85% of all publication outputs.
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‘engineering general’, the map shows the dominance of sub-
fields such as materials science, chemical engineering, mining 
and mineral processing, and energy and fuels.

4.2 Research quality
In this report we interpret the proportion of papers in the 
top quartiles of WoS journals (quartiles as categorised by 
the journal impact factor) as a proxy for research (or at 
least publication) quality. In Figure 3.38, we present the 
distribution of papers produced in the engineering sciences 
by quartile. The results show a significant increase in the 
proportions of papers that were published in higher impact 
journals; that is, in Q1 and Q2 ranked journals. In 2000, 
slightly more than half (53%) of papers appeared in these 
journals. By 2016, this proportion has increased to over 70%.

FIGURE 3.38: ENGINEERING SCIENCES: SOUTH AFRICAN 
DISTRIBUTION OF OUTPUT JIF QUARTILES (2000-2016)

 

4.3 Positional analysis
Positional analysis combines three indicators: the citation 
impact (MNCS) of each sub-field, the RFS, and the overall 
volume of publications. This results in a two-dimensional 
positioning of each sub-field, creating four quadrants. 
Ideally, one would like to see a large number of disciplines 
located in the top right-hand quadrant (high visibility and 
high activity). 

There are a number of small fields that have relatively high 
visibility (automation and control systems, mechanics, 
and mechanical engineering). Two fields score high on 
relative strength but low on visibility (mineral and mining 
processing, and industrial engineering). The majority of 
engineering sub-fields, however, do not score high on 
either RFS or citation impact. 

4.4 Research collaboration
Research collaboration is typically measured (in bibliometrics) 
through an analysis of authorship trends. Four categories of 
collaboration are distinguished in this manner:

1. No collaboration (either single-authored articles or 
single-institution authorship);

2. National collaboration (multiple authors from more 
than one institution in South Africa);

3. (International) collaboration with scientists from 
African countries only; and

4. International collaboration with scientists from 
countries outside of Africa.

The results of our analysis for engineering sciences reveal two 
main (linked) trends over time: an increase in collaboration 
with scientists outside of Africa, and a concomitant decline in 
collaboration nationally. As far as collaboration with African 
authors (only) is concerned, the analysis shows a steady 
increase from nearly 0% in 2000 to about 8% in 2016. Single-
authored papers have declined steadily over time and now 
constitute a small proportion of all engineering papers.

FIGURE 3.40: ENGINEERING SCIENCES: SOUTH AFRICA 
PUBLICATION COLLABORATION PROFILES (2000-2016)
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4.5 Researcher demographics
In the next three graphs we present information on the 
demographics of the researchers who typically produce 
the publications in the engineering sciences. We present 
information on the gender, race and age category of authors.18

Between 2005 and 2016, men dominated publication 
output in the engineering sciences, producing 73% of all 
papers. The breakdown by year in Figure 3.41 below shows 
that the relative share of female authors increased slightly 
in this traditionally male-dominated field, from 17% in 2005 
to 20% to 2016.

FIGURE 3.41: ENGINEERING SCIENCES: RESEARCHER GENDER 
(2005-2016)

 

Between 2005 and 2016, white authors dominated 
publication output in the field producing 68% of all papers. 
The breakdown by year in Figure 3.42 below shows that 
the relative share of black scientists and academics has 
increased significantly. By 2016, they contributed 48% to 
overall publication output in the field. 

FIGURE 3.42: ENGINEERING SCIENCES: RESEARCHER RACE 
(2005-2016)

 

In the next two figures we present the results of our 
analysis for the field of engineering sciences of the 
contributions of different age categories over time. 
The first figure (Figure 3.43) shows the breakdown by age 

18  The data presented here is based on analysis of CREST’s proprietary 
database, SA Knowledgebase. The timeframes of these results are different 
to the previous figures, since SA Knowledgebase only covers publications 
from 2005-2016.

intervals for the entire period 2005 to 2016. The next 
figure presents a breakdown of the figures by year. 
The results can be regarded as positive as it is clear that 
increasing numbers of younger scientists (below the age 
of 40) are contributing to the research output in the field. 
Conversely, smaller proportions of output – especially over 
the past five to six years – are produced by authors over 
the age of 60.

FIGURE 3.43: ENGINEERING SCIENCES: RESEARCHER AGE 
(2005-2016)

 

FIGURE 3.44: ENGINEERING SCIENCES: RESEARCHER AGE BY 
YEAR (2005-2016)

 

4.6 Sub-field analyses
Further analyses were conducted for the following 
sub-fields that are categorised under the engineering 
sciences: chemical engineering, electrical engineering, 
energy and fuels, materials sciences and mining and 
mineral processing.19

Chemical engineering

The tree map on the page overleaf (Figure 3.45) presents a 
breakdown of the individual university contributions to the 
field for the period 2000 to 2016 (total articles = 2 421). 
The 13 institutions included here produced more than 
80% of total output in the field.

19  In the analysis of sub-fields, we exclude two generic WoS subject 
categories – ‘engineering’ and ‘science and technology other’ – as these are 
fields that cut across sub-fields and often include journals that are not easily 
assigned to one or two sub-fields.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

 Female  Male 

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

  African  Asian/Indian   Coloured   White

100% 

80% 

60% 

40% 

20% 

0% 
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

 <30 

 30-39 

 40-49 

 50-59 

 60+

12 144 
28% 

6 345 
15% 

358
1% 

12 061 
28% 

11 862 
28% 

 <30  30-39  40-49  50-59  60+

100%
90%
 80%
70% 
60%
50% 
40%
30%
20%
10%
 0% 

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016



92

The state of the South African research enterprise

FIGURE 3.45: CHEMICAL ENGINEERING PUBLICATIONS BY 
INSTITUTION (2000-2016)

 

TABLE 3.19: CHEMICAL ENGINEERING KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 59 103 158 242

Publications in SAK 83 150 211

World share (WoS) 0.4% 0.6% 0.7% 0.7%

World rank (WoS) 35 31 34 35

% in Q1 and Q2 quartiles (WoS) 86% 93% 87% 83%

Citation impact: MNCS (WoS) 0.86 0.90 0.97 1.21

% female authors (SAK) 24% 23% 23%

% black authors (SAK) 21% 30% 47%

% authors younger than 40 (SAK) 33% 41% 31%

Electrical and electronic engineering

The tree map below presents a breakdown of the individual 
university contributions to the field for the period 2000 to 
2016 (total articles = 1 528). The 11 institutions included 
here produced the bulk of total output in the field.

FIGURE 3.46: ELECTRICAL AND ELECTRONIC ENGINEERING 
PUBLICATIONS BY INSTITUTION (2000-2016)

TABLE 3.20: ELECTRICAL ENGINEERING KEY INDICATORS 
(2000-2016)

2000 2005 2010 2016

Publications in WoS 58 52 82 215

Publications in SAK 38 65 153

World share (WoS) 0.2% 0.2% 0.2% 0.4%

World rank (WoS) 37 42 48 44

% in Q1 and Q2 quartiles (WoS) 74% 67% 71% 65%

Citation impact: MNCS (WoS) 0.68 0.41 1.17 0.93

% female authors (SAK) 3% 4% 7%

% black authors (SAK) 13% 14% 53%

% authors younger than 40 (SAK) 32% 27% 31%

 

Energy and fuels 

South African scientists published a total of 1 482 articles 
in the sub-field of energy and fuels between 2000 and 
2016. The tree map below presents a breakdown of 
the 13 institutions that together produced the bulk of 
these papers.

FIGURE 3.47: ENERGY AND FUELS PUBLICATIONS BY 
INSTITUTION (2000-2016)

 

TABLE 3.21: ENERGY AND FUELS KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 16 34 91 205

Publications in SAK 39 77 178

World share (WoS) 0.3% 0.5% 0.6% 0.6%

World rank (WoS) 43 34 34 35

% in Q1 and Q2 quartiles (WoS) 38% 97% 80% 77%

Citation impact: MNCS (WoS) 0.64 0.95 1.03 1.04

% female authors (SAK) 7% 14% 15%

% black authors (SAK) 5% 34% 39%

% authors younger than 40 (SAK) 32% 31% 31%

Materials science

South African scientists published a total of 3 415 articles 
in the field20 between 2000 and 2016. The tree map below 
presents a breakdown of the 15 institutions that together 
produced the bulk of these papers.

FIGURE 3.48: MATERIALS SCIENCE PUBLICATIONS BY 
INSTITUTION (2000-2016)

20  Materials science (Level 4) excludes ‘materials science, multidisciplinary’.
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TABLE 3.22: MATERIALS SCIENCE KEY INDICATORS (2000-2016) 

2000 2005 2010 2016

Publications in WoS 83 89 233 468

Publications in SAK 67 180 436

World share (WoS) 0.2% 0.2% 0.3% 0.4%

World rank (WoS) 45 51 44 41

% in Q1 and Q2 quartiles (WoS) 73% 82% 81% 77%

Citation impact: MNCS (WoS) 0.80 0.79 0.86 0.96

% female authors (SAK) 5% 17% 21%

% black authors (SAK) 25% 39% 70%

% authors younger than 40 (SAK) 25% 35% 33%

 
Mining and mineral processing 

South African scientists published a total of 1 550 articles 
in the field of mining and mineral processing between 
2000 and 2016. The tree map (Figure 3.49) presents a 
breakdown of the 10 institutions that produced the bulk of 
papers over the period. 

FIGURE 3.49: MINING AND MINERAL PROCESSING 
PUBLICATIONS BY INSTITUTION (2000-2016)

 

TABLE 3.23: MINING AND MINERAL PROCESSING KEY 
INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 71 86 80 127

Publications in SAK 23 33 45

World share (WoS) 4.1% 5.6% 4.3% 4.1%

World rank (WoS) 9 9 10 8

% in Q1 and Q2 quartiles (WoS) 31% 42% 45% 44%

Citation impact: MNCS (WoS) 0.39 0.50 0.60 0.45

% female authors (SAK) 18% 30% 27%

% black authors (SAK) 0% 11% 21%

% authors younger than 40 (SAK) 25% 35% 36%

5. Summary assessment of the state of engineering sciences
The table below presents a summary of the results of our analyses on the different indicators pertaining to the state and 
performance of the engineering sciences. On each indicator, we compare the performance of the engineering sciences with 
all the other science fields.

TABLE 3.24: ENGINEERING SCIENCES SCORECARD

Category Indicator Trends for engineering sciences All fields

Research funding No. of grant holders Increased from 132 in 2002 to 410 in 2015 at 
a CAGR of 9.1%

Increased from 1 023 in 2002 to 4 199 in 
2015 at a CAGR of 11.5%

No. of female 
grant holders

Increased from 14 in 2002 to 97 in 2015 at a 
CAGR of 16.1%

Increased from 203 in 2002 to 1 522 in 2015 
at a CAGR of 16.9%

No. of black grant holders Increased from 14 in 2002 to 144 in 2015 at 
a CAGR of 19.6%

Increased from 135 in 2002 to 1 289 in 2015 
at a CAGR of 19.0%

Average grant value Decreased from R896k in 2002 to R393k in 
2015 at a CAGR of -6.1%

Decreased from R409k in 2002 to R367k in 
2015 at a CAGR of -0.8%

Staff capacity Permanent instructional 
staff

Increased from 1 537 in 2000 to 1 629 in 
2015 at a CAGR of 0.4% 

Increased from 12 973 in 2000 to 15 641 in 
2015 at a CAGR of 1.3% 

Staff quality Proportion of instructional 
staff with PhD

Increased from 22% in 2000 to 37% in 2015 Increased from 32% in 2000 to 42% in 2015

Staff diversity Proportion of female staff Increased from 16% in 2000 to 20% in 2015 Increased from 38% in 2000 to 47% in 2015

Proportion of black staff Increased from 22% in 2000 to 40% in 2015 Increased from 31% in 2000 to 50% in 2015

Proportion of RSA staff Decreased from 87% in 2000 to 80% in 2015 Decreased from 89% in 2000 to 87% in 2015

Doctoral 
enrolments

Total enrolments Increased from 559 in 2000 to 1 699 in 2015 
at a CAGR of 7.7% 

Increased from 6 446 in 2000 to 19 557 in 
2015 at a CAGR of 7.7%

New enrolments Increased from 178 in 2000 to 420 in 2015 at 
a CAGR of 5.9% 

Increased from 2 117 in 2000 to 7 379 in 
2015 at a CAGR of 8.7%

Female enrolments Increased from 62 in 2000 to 362 in 2015 at 
a CAGR of 12.5% 

Increased from 2 452 in 2000 to 8 667 in 
2015 at a CAGR of 8.8%
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Category Indicator Trends for engineering sciences All fields

Doctoral 
enrolments 
(continued)

Black enrolments Increased from 54 in 2000 to 372 in 2015 at 
a CAGR of 13.7%

Increased from 1 667 in 2000 to 6 531 in 
2015 at a CAGR of 9.5%

RSA enrolments Increased from 443 in 2000 to 940 in 2015 
at a CAGR of 5.1%

Increased from 5 197 in 2000 to 11 813 in 
2015 at a CAGR of 5.6% 

Doctoral 
graduates

Graduates Increased from 67 in 2000 to 221 in 2015 at 
a CAGR of 8.3%

Increased from 972 in 2000 to 2 524 in 2015 
at a CAGR of 6.6%

Female graduates Increased from 12 in 2000 to 47 in 2015 at a 
CAGR 9.5%

Increased from 400 in 2000 to 1 115 in 2015 
at a CAGR of 7.1%

Black graduates Increased from 3 in 2000 to 39 in 2015 at a 
CAGR of 18.7% 

Increased from 194 in 2000 to 719 in 2015 at 
a CAGR of 9.1% 

RSA graduates Increased from 55 in 2000 to 143 in 2015 at 
a CAGR of 6.6%

Increased from 789 in 2000 to 1 525 in 2015 
at a CAGR of 4.5%

Research output 
(WoS)

No. of publications (WoS) Increased from 552 in 2000 to 2 411 in 2016 
at a CAGR of 9.7%

Increased from 3 668 in 2000 to 15 550 in 
2016 at a CAGR of 9.4%

World rank Declined from 35 to 38 Improved from 35 to 28 

World share of publications Increased from 0.4% in 2000 to 0.6% in 2016 Increased from 0.44% in 2000 to 0.92% in 2016

Relative field 
strength

RFS score Declined from 0.9 in 2000 to 0.6 in 2016 1.0

Research quality Articles in top (Q1 
and Q2) quartiles

Proportion increased from 53% in 2000 to 
71% in 2016

N/A

Research 
collaboration

Proportion of 
internationally co-
authored publications

International collaboration increased from 
30% in 2000 to 56% in 2016

Increased from 34% in 2000 to 55% in 2016

Citation impact MNCS Citation impact increased from 0.6 in 2000 
to 1.0 in 2016

Improved from 0.8 in 2000 to 1.1 in 2016

Research 
transformation 
(SAK)

Gender: share of 
female authors

Contribution of women increased from 14%
in 2005 to 21% in 2016

Contribution of women in all fields
increased from 31% in 2005 to 34% in 2016

Race: share of 
black authors

Share of black-authored papers increased
from 16% in 2005 to 52% in 2016

Share of black-authored papers in all fi elds
increased from 16% in 2005 to 31% in 2016

Age group: share of 
authors under age of 40

Contribution of authors under age of 40 has
remained unchanged at 30%

Contribution of authors under the age of 40
decreased from 27% in 2005 to 25% in 2016
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Health sciences

1. NRF funding of health sciences
Utilising the data on grant funding provided by the NRF21, 
we present an overview of grants received by beneficiaries 
in the health sciences as well as a profile of grant holders 
for the period 2002 to 2015. 

• The number of grant holders in the health sciences increased 
from 89 in 2002 to 681 in 2015 at a rate of increase of 16.9% 
which is higher than the average across all fields at 11.5%.

• Female and black grant holders have become better 
represented with high rates of increase, especially for 
black grant holders, recorded in the number of female 
and black grant holders between 2002 and 2015.

• We see a substantial increase in the total value of 
individual grants in the health sciences from R24.8 million 
in 2002 to R214.2 million in 2015.22 

• The average value of individual grants also increased from 
R279 035 in 2002 to R314 599 in 2015 at a CAGR of 0.9% 
which is higher than the decline recorded for all fields.

• The average value of individual grants by race have 
become more equal since 2002 where, in 2015, the 
average value to white grant holders was slightly higher 
than the corresponding value to black recipients. The 
average value of grants to male recipients, in 2015, 
remained higher than that to female recipients.

TABLE 3.26: HEALTH SCIENCES: NO. OF UNIQUE GRANT 
HOLDERS BY GENDER AND RACE (2002 AND 2015)

2002 2015

Women 29 346

Black 5 100

White 24 246

Men 60 330

Black 10 121

White 50 209

Total 89 676

21 See the Technical Appendix for how we re-classified and subsequently 
analysed the NRF funding for this study.

22 In the Technical Appendix we indicate that all grant values have been 
adjusted over time for inflation.

FIGURE 3.50: HEALTH SCIENCES: PERCENTAGE OF UNIQUE 
GRANT HOLDERS BY GENDER AND RACE (2002 AND 2015)

 

2. Academic staff capacity and 
diversity in the health sciences
This section is devoted to an analysis of (1) the academic 
capacity at South African universities and whether this 
capacity has grown significantly over the past 16 years; 
(2) whether the capacity to supervise the next generation 
of academic and knowledge workers is expanding 
(the proportion of staff with doctoral degrees); and 
(3) whether the demographic profile of South Africa’s 
academics has changed over the 16 years and, if so, to 
what extent. 

TABLE 3.27: HEALTH SCIENCES: KEY INDICATORS OF 
ACADEMIC CAPACITY AND DIVERSITY (2000-2015)

2000 2005 2010 2015 CAGR

Permanent staff 1 571 1 957 2 552 2 223 2.3%

No. of staff with PhD 405 515 766 782 4.5%

Proportion of staff 
with PhD

26% 26% 30% 35%

No. of female staff 805 1 057 1 505 1 397 3.7%

Proportion of female staff 51% 54% 59% 63%

No. of black staff 455 874 1 167 1 201 6.7%

Proportion of black staff 32% 46% 48% 57%

No. of RSA staff 1 432 1 882 2 446 2 102 2.6%

Proportion of RSA staff 91% 96% 96% 95%

TABLE 3.25: HEALTH SCIENCES: SUMMARY TABLE ON GRANT HOLDERS AND GRANT VALUES (2002 AND 2015)

2002 2015 CAGR CAGR All 
Fields

No. of grant holders 89 681 16.9% 11.5%

No. of female grant holders 29 347 21.0% 16.9%

No. of black grant holders 15 222 23.0% 19.0%

Total value of individual grants R24 834 144 R214 241 946 18.0% 10.5%

Average value of individual grants R279 035 R314 599 0.9% -1.2%

Average value of individual grants to female grant holders R263 621 R285 435 0.6% 0.5%

Average value of individual grants to male grant holders R286 486 R348 199 1.5% -0.5%

Average value of individual grants to black grant holders R327 953 R293 449 -0.9% 3.4%

Average value of individual grants to white grant holders R269 120 R310 123 1.1% 0.0%
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FIGURE 3.51: HEALTH SCIENCES: PROPORTIONS OF BLACK 
AND WHITE STAFF (2000-2015)

Salient points: 

• The academic capacity in the health sciences increased at 
an average annual rate of 2.3% which is higher than the 
national average (1.3%) for the same period.

• The number of staff with doctoral degrees increased at a 
rate of 4.5% (compared to the national average of 3.3%) 
over this period, with the result that 35% of all staff in 
2015 were in possession of a PhD (but this is still lower 
than the national average of 42% in 2015).

• The profile of academic staff in the health sciences has 
changed significantly over the past 16 years: women are 
now better represented than in 2000 (constituting 63% 
of all staff in 2015 compared to 51% in 2000), and black 
staff are better represented (constituting 57% in 2015 of 
all staff compared to 32% in 2000).

• Over this period, the proportion of South African 
academic staff increased from 91% in 2000 to 95% in 
2015, which is contrary to the trends in all other fields.

3. The academic pipeline in the 
health sciences
In this section, we focus specifically on three aspects of the 
academic pipeline: growth trends in doctoral enrolments, 
growth trends in doctoral graduations, and trends in the 
demographics of enrolments and graduates.

3.1 Doctoral enrolments: Growth rates 
and efficiency
Both total and new doctoral enrolments in the health 
sciences increased at steady rates of 8.9% and 9.5%, 
respectively.23. The rate of increase in the number of 
doctoral graduates observed was slightly lower at 6.5%. 

23 The figures for each subgroup do not sum to the overall number of 
enrolments because a number of records for gender, race and region are 
indicated as ‘unknown’.

TABLE 3.28: HEALTH SCIENCES: NO. OF DOCTORAL 
ENROLMENTS AND GRADUATES (2000-2015)

2000 2005 2010 2015 CAGR

Total enrolments 714 1 065 1 341 2 566 8.9%

New enrolments 227 297 299 888 9.5%

Graduates 122 169 151 315 6.5%

3.2 Doctoral enrolments: Transformation 
and internationalisation 
Our analysis of transformation and the extent of 
internationalisation reveals the following trends (Table 3.29):

• Female doctoral enrolments increased at a higher rate 
than male students (10.1% compared to 7.3%);

• Black doctoral enrolments increased at a rate twice that 
of white enrolments (11.0% compared to 4.3%);24 and

• As far as the increase in foreign students is concerned, 
student enrolments from the rest of Africa increased at 
a much faster rate (18.3%) compared to the increase in 
the number of South African enrolments (7.4%).

TABLE 3.29: HEALTH SCIENCES: DOCTORAL ENROLMENTS – 
TRANSFORMATION AND INTERNATIONALISATION SUMMARY 
TABLE (2000-2015)

 2000 2005 2010 2015 CAGR

Total enrolments 714 1 065 1 341 2 566 8.9%

Female enrolments 371 647 816 1 573 10.1%

Male enrolments 343 418 525 993 7.3%

RSA black enrolments 205 326 489 976 11.0%

RSA white enrolments 396 492 551 742 4.3%

Rest of Africa 54 161 215 669 18.3%

Rest of world 32 72 67 128 9.7%

South Africa 601 820 1 043 1 749 7.4%

The result of the fairly significant demographic shifts (especially 
with regard to gender and race) is clearly illustrated when we 
compare the proportions in each subgroup between 2000 
and 2015. In 2000, female doctoral students constituted 52% 
of all enrolments. By 2015 this had increased to 61%. In 2000, 
black doctoral students constituted 34% of all South African 
enrolments. By 2015, this had increased to constitute the 
majority of all enrolments (57%).

FIGURE 3.52: HEALTH SCIENCES: TOTAL DOCTORAL 
ENROLMENTS BY GENDER (2000 AND 2015)

24 Note: the disaggregation of race only applies to South African nationals.
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FIGURE 3.53: HEALTH SCIENCES: TOTAL DOCTORAL 
ENROLMENTS BY RACE (2000 AND 2015)

The picture with regard to the share of foreign students, 
and especially students from the rest of Africa, is quite 
interesting as it shows the extent to which foreign 
students have begun to contribute significantly to the 
academic pipeline in the health sciences. In 2000, students 
from the rest of Africa constituted a small 8% of all 
enrolled students. By 2015, this had increased to 26%. 
The proportion of foreign students from outside of Africa 
has remained relatively unchanged.

FIGURE 3.54: HEALTH SCIENCES: TOTAL DOCTORAL 
ENROLMENTS BY REGION (2000 AND 2015)

  

3.3 Doctoral graduates: Transformation 
and internationalisation
Our analysis of transformation and the extent of 
internationalisation reveals the following trends 
(Table 3.30):

• Female doctoral students graduated at a slightly lower 
rate than male students (6.1% compared to 7.1%);

• Black doctoral students graduated at a rate nearly 
three times as fast as white students (10.5% compared to 
3.2%); and

• As far as the increase in foreign graduates is concerned, 
the number of students from the rest of Africa and the 
rest of the world increased at significant rates of 10.7% 
and 15.8%, respectively, compared to the rather low 
growth rate of South African graduates of 5.9%.

TABLE 3.30: HEALTH SCIENCES: DOCTORAL GRADUATES – 
TRANSFORMATION AND INTERNATIONALISATION SUMMARY 
TABLE (2000-2015)

 2000 2005 2010 2015 CAGR

Total graduates 122 169 151 315 6.5%

Female graduates 76 98 102 186 6.1%

Male graduates 46 71 49 129 7.1%

RSA black graduates 24 42 44 108 10.5%

RSA white graduates 72 88 66 116 3.2%

Rest of Africa 15 29 25 69 10.7%

Rest of world 2 9 14 18 15.8%

South Africa 96 130 111 227 5.9%

The result of the fairly significant demographic shifts with 
regard to race is illustrated below where we compare the 
proportions in each subgroup between 2000 and 2015. In 
2000, black doctoral students constituted 25% of all South 
African graduates; by 2015 this had increased to 48%. Little 
change in the proportional distribution of female and male 
graduates was observed: in 2000, female doctoral students 
constituted 62% of all graduates and by 2015 this had 
declined slightly to 60%.

FIGURE 3.55: HEALTH SCIENCES: DOCTORAL GRADUATES BY 
RACE (2000 AND 2015)

FIGURE 3.56: HEALTH SCIENCES: DOCTORAL GRADUATES BY 
GENDER (2000 AND 2015)

The higher growth rates in foreign students are clearly 
reflected in Figure 3.57. In 2000, foreign students 
constituted only 15% of all graduates. By 2015 this has 
increased to 28%. 
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FIGURE 3.57: HEALTH SCIENCES: DOCTORAL GRADUATES BY 
REGION (2000 AND 2015)

  

4. Research performance
Between 2000 and 2016, South African health scientists 
produced 37 482 articles in the WoS. The breakdown by 
year (Figure 3.58) shows a substantial increase in output 
over this period, from 1 140 in 2000 to 4 431 in 2016 at a 
CAGR of 8.9%. This growth in the number of publications 
has translated into an increase in world share: from 0.36% 
in 2000 to 0.76% in 2016. This has resulted in South 
Africa’s rank in the world improving by one position from 
32nd to 31st by 2016.

FIGURE 3.58: HEALTH SCIENCES: SOUTH AFRICA’S 
PUBLICATION OUTPUT (WOS) (2000-2016)

4.1 The sub-fields of health sciences
Faculties of medicine and health science vary hugely in their 
organisation. Distinctions between basic and clinical, and 
between professional health sciences fields, are typically 
found. What we have termed the broad field of the ‘health 
sciences’ covers a wide array of sub-fields. In the tree map 
below, we show the relative share of each of the sub-fields 
(or disciplines) to the overall output between 2000 and 
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FIGURE 3.59: HEALTH SCIENCES: PUBLICATION OUTPUTS BY SUB-FIELDS (2000-2016)
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higher numbers of citations than the world average for 
those fields. The overall picture is a positive one as there 
are no major sub-fields that are positioned in the lower 
left-hand quadrant.

The obviously active and high impact field is general and 
internal medicine.26 A number of fields (infectious diseases, 
virology, tropical medicine, and parasitology) have an above 
average citation impact and are relatively strong fields. Critical 
care medicine and medical informatics are quite small but 
high impact fields. The remainder of the fields cluster around 
citation impact scores of 1.0 (the world average). 

FIGURE 3.61: HEALTH SCIENCES: MNCS VS RFS FOR SUB-FIELDS 
(2000-2008 AND 2009-2016)

26 The sub-fields ‘General & Internal Medicine’ and ‘Medicine, General & 
Internal’ refer to two subject categories in the WoS. Although the names of 
the categories are similar the journal titles assigned to them differ. Hence, 
we include and report on both.

FIGURE 3.60: HEALTH SCIENCES: SOUTH AFRICAN 
DISTRIBUTION OF OUTPUT JIF QUARTILES (2000-2016)
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2016.25 The map shows the dominance of sub-fields such 
as public and occupational health, infectious diseases, 
pharmacology and pharmacy, virology, immunology, 
biochemistry, and molecular biology.

4.2 Research quality
Assessing the quality of research is regarded as one of the 
biggest challenges in scientometrics. We decided to employ 
one indicator that we believe is a proxy for research 
quality; namely, the proportion of papers in the top 
quartiles of WoS journals (quartiles as categorised by the 
journal impact factor). In the figure below, we present the 
distribution of papers produced in the health sciences by 
quartile. The results show that there has been no increase 
in the proportions of papers that were published in higher 
impact journals; that is, in Q1 and Q2 ranked journals. 
These proportions averaged around 63% for the period. 

4.3 Positional analysis
Positional analysis combines three indicators: the citation 
impact (MNCS) of each sub-field, the RFS, and the overall 
volume of publications. This results in a two-dimensional 
positioning of each sub-field, creating four quadrants. 
Ideally, one would like to see a large number of disciplines 
located in the top right-hand quadrant (high visibility and 
high activity). 

The top right-hand quadrant includes a number of large 
sub-fields (general and internal medicine, and infectious 
diseases) as well as three smaller sub-fields (virology, 
parasitology, and tropical medicine). There are also a 
number of fields clustered in the top left-hand quadrant, 
which indicates that publications in these fields attract 

25 The tree map is based on the subject categories in WoS. Because fields 
are ‘constructed’ by assigning journals to each subject category, and because 
the same journal can typically be assigned to more than one subject category, 
the total of papers in this map will exceed the total of unique papers. The tree 
map is organised in descending order from the highest to lowest numbers 
of papers per sub-field; in other words, the size of the blocks correspond to 
the share of each sub-field to total output. We have in each case selected the 
fields that produced at least 85% of all publication outputs.
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4.4 Research collaboration
Research collaboration is typically measured (in 
bibliometrics) through an analysis of authorship trends. 
Four categories of collaboration are distinguished in 
this manner:

1. No collaboration (either single-authored articles or 
single-institution authorship);

2. National collaboration (multiple authors from more 
than one institution in South Africa);

3. (International) collaboration with scientists from 
African countries only; and

4. International collaboration with scientists from 
countries outside of Africa.

The results of our analysis for the health sciences shows 
that international collaboration has increased steadily 
over the past 17 years. This is true both for collaboration 
with other African scientists only (where the proportion 
increased from near zero to 4% by 2016), but especially 
with scientists elsewhere in the world (which increased 
from 39% in 2000 to 57% in 2016). Single-authored papers 
have declined steadily over time and now constitute 
a negligible proportion of all health sciences papers 
(about 4%). The proportion of nationally collaborative 
papers has declined to 35% in 2016.

FIGURE 3.62: HEALTH SCIENCES: SOUTH AFRICA PUBLICATION 
COLLABORATION PROFILES (2000-2016)

 

4.5 Researcher demographics
In the next three figures we present information on the 
demographics of the researchers who typically produce the 
publications in the field. We present information on the 
gender, race and age category of authors.

Between 2005 and 2016, men produced more than half 
(58%) of all papers. The breakdown by year in Figure 3.63 
shows that the relative shares of male and female authors 
have remain unchanged for most of the period. The past 
three years have witnessed a small increase in the 
proportion of female-authored papers.

FIGURE 3.63: HEALTH SCIENCES: RESEARCHER GENDER  
(2005-2016)

Between 2005 and 2016, white authors dominated 
publication output in the field producing 74% of all papers. 
The breakdown by year in Figure 3.64 below shows that 
the relative share of black scientists and academics has 
increased steadily; by 2016, they contributed 30% to 
overall publication output in the field. 

FIGURE 3.64: HEALTH SCIENCES: RESEARCHER RACE  
(2005-2016)

 

One of the key challenges in any research system is to 
ensure the constant rejuvenation of the human resource 
base in a specific field. It is imperative that the university 
system, in particular, not only produces optimal publication 
outputs, but also reproduces itself by producing high 
quality graduates. It is equally essential that large numbers 
of these graduates are absorbed into the research system 
and become productive contributors to knowledge 
production in the country. One measure of the extent to 
which South African science is meeting these demands is to 
analyse trends in the ages of productive authors of articles. 

In the next figures, we present the results of our analysis 
for the field of health sciences. The first figure shows the 
breakdown by age intervals for the entire period 2005-
2016. The next figure presents a breakdown of the figures 
by year. The results can be regarded as positive as it is 
clear that increasing numbers of younger scientists (below 
the age of 40) are contributing to the research output 
in the field. Conversely, smaller proportions of output – 
especially over the past five to six years – are produced by 
authors over the age of 60.
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FIGURE 3.65: HEALTH SCIENCES: RESEARCHER AGE (2005-2016)

 

FIGURE 3.66: HEALTH SCIENCES: RESEARCHER AGE BY YEAR 
(2005-2016)

 

4.6 Sub-field analyses
Further analyses were conducted for the following sub-
fields included in the health sciences: biochemistry and 
molecular biology; genetics and heredity; immunology; 
infectious diseases; neurosciences and neurology; 
pharmacology and pharmacy; public, environmental and 
occupational health; and virology.

Biochemistry and molecular biology

South African scientists published a total of 3 481 articles 
in the field of biochemistry and molecular biology between 
2000 and 2016. The tree map below presents a breakdown 
of the 13 institutions that together produced the bulk of 
these papers.

FIGURE 3.67: BIOCHEMISTRY AND MOLECULAR BIOLOGY 
PUBLICATIONS BY INSTITUTION (2000-2016)

TABLE 3.31: BIOCHEMISTRY AND MOLECULAR BIOLOGY KEY 
INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 121 144 195 330

Publications in SAK 123 190 298

World share (WoS) 0.2% 0.2% 0.3% 0.5%

World rank (WoS) 36 38 39 37

% in Q1 and Q2 quartiles (WoS) 50% 64% 59% 64%

Citation impact: MNCS (WoS) 0.71 1.02 1.23 1.35

% female authors (SAK) 38% 41% 31%

% black authors (SAK) 20% 20% 37%

% authors younger than 40 (SAK) 34% 42% 27%

Genetics and heredity

South African scientists published a total of 1 578 articles 
in the field of genetics and heredity between 2000 and 
2016. In the WoS, this field includes both human and 
animal genetics publications. The tree map below presents 
a breakdown of the 12 institutions that together produced 
the bulk of these papers.

FIGURE 3.68: GENETICS AND HEREDITY PUBLICATIONS 
BY INSTITUTION (2000-2016)

 

TABLE 3.32: GENETICS AND HEREDITY KEY INDICATORS 
(2000-2016)

2000 2005 2010 2016

Publications in WoS 49 50 102 176

Publications in SAK 40 100 153

World share (WoS) 0.3% 0.3% 0.5% 0.8%

World rank (WoS) 33 36 36 32

% in Q1 and Q2 quartiles (WoS) 71% 58% 69% 71%

Citation impact: MNCS (WoS) 1.68 0.87 0.90 1.10

% female authors (SAK) 35% 42% 37%

% black authors (SAK) 17% 14% 33%

% authors younger than 40 (SAK) 39% 34% 28%

Immunology

South African scientists published a total of 3 457 articles 
in the field of immunology between 2000 and 2016. 
The tree map on the page overleaf presents a breakdown 
of the 12 institutions that together produced the bulk of 
these papers.
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FIGURE 3.69: IMMUNOLOGY PUBLICATIONS BY INSTITUTION 
(2000-2016)

TABLE 3.33: IMMUNOLOGY KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 69 124 286 331

Publications in SAK 131 232 298

World share (WoS) 0.4% 0.6% 1.4% 1.5%

World rank (WoS) 30 26 20 21

% in Q1 and Q2 quartiles (WoS) 80% 78% 70% 69%

Citation impact: MNCS (WoS) 1.10 1.39 1.29 1.25

% female authors (SAK) 41% 45% 48%

% black authors (SAK) 28% 19% 29%

% authors younger than 40 (SAK) 27% 32% 24%

Infectious diseases

South African scientists published a total of 4 414 articles 
in the field of infectious diseases between 2000 and 
2016. The tree map below presents a breakdown of 
the 11 institutions that together produced the bulk of 
these papers.

FIGURE 3.70: INFECTIOUS DISEASES PUBLICATIONS BY 
INSTITUTION (2000-2016)

TABLE 3.34: INFECTIOUS DISEASES KEY INDICATORS  
(2000-2016)

2000 2005 2010 2016

Publications in WoS 74 112 328 501

Publications in SAK 141 282 404

World share (WoS) 1.0% 1.3% 2.8% 3.4%

World rank (WoS) 19 20 16 15

% in Q1 and Q2 quartiles (WoS) 86% 71% 81% 78%

Citation impact: MNCS (WoS) 1.13 1.64 1.39 1.32

% female authors (SAK) 40% 47% 44%

% black authors (SAK) 26% 21% 33%

% authors younger than 40 (SAK) 23% 31% 20%

Neurosciences and neurology

South African scientists published a total of 1 706 articles 
in the field of neurosciences and neurology between 2000 
and 2016. The tree map below presents a breakdown of 
the eight institutions that together produced the bulk of 
these papers.

FIGURE 3.71: NEUROSCIENCES PUBLICATIONS BY 
INSTITUTION (2000-2016)

TABLE 3.35: NEUROSCIENCES AND NEUROLOGY KEY 
INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 60 80 94 196

Publications in SAK 64 86 164

World share (WoS) 0.2% 0.2% 0.2% 0.3%

World rank (WoS) 37 36 40 40

% in Q1 and Q2 quartiles (WoS) 72% 52% 55% 56%

Citation impact: MNCS (WoS) 0.66 0.82 1.10 1.34

% female authors (SAK) 29% 41% 43%

% black authors (SAK) 14% 19% 21%

% authors younger than 40 (SAK) 37% 33% 30%

Pharmacology and pharmacy

South African scientists published a total of 3 505 articles 
in the field of pharmacology and pharmacy between 
2000 and 2016. The tree map in Figure 3.72 presents a 
breakdown of the 12 institutions that together produced 
the bulk of these papers.
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FIGURE 3.72: PHARMACOLOGY AND PHARMACY 
PUBLICATIONS BY INSTITUTION (2000-2016)

 

TABLE 3.36: PHARMACOLOGY AND PHARMACY KEY 
INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 126 127 203 413

Publications in SAK 121 191 331

World share (WoS) 0.5% 0.4% 0.6% 0.8%

World rank (WoS) 30 38 40 30

% in Q1 and Q2 quartiles (WoS) 59% 52% 50% 60%

Citation impact: MNCS (WoS) 0.79 0.96 0.83 0.95

% female authors (SAK) 36% 31% 37%

% black authors (SAK) 18% 34% 42%

% authors younger than 40 (SAK) 29% 34% 30%

Public, environmental and occupational health

South African scientists published a total of 4 457 articles 
in the field of public, environmental and occupational health 
between 2000 and 2016. The tree map below presents a 
breakdown of the 11 institutions that together produced 
the bulk of these papers.

FIGURE 3.73: PUBLIC, ENVIRONMENTAL AND OCCUPATIONAL 
HEALTH PUBLICATIONS BY INSTITUTION (2000-2016)

 

TABLE 3.37: PUBLIC, ENVIRONMENTAL AND OCCUPATIONAL 
HEALTH KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 61 131 305 573

Publications in SAK 112 233 451

World share (WoS) 0.6% 0.9% 1.4% 1.9%

World rank (WoS) 24 23 19 17

% in Q1 and Q2 quartiles (WoS) 82% 72% 72% 71%

Citation impact: MNCS (WoS) 0.90 1.01 1.31 1.08

% female authors (SAK) 54% 44% 55%

% black authors (SAK) 23% 29% 30%

% authors younger than 40 (SAK) 24% 29% 21%

Virology

South African scientists published a total of 1 768 articles 
in the field of virology between 2000 and 2016. The tree 
map below presents a breakdown of the 11 institutions that 
together produced the bulk of these papers.

FIGURE 3.74: VIROLOGY PUBLICATIONS BY INSTITUTION  
(2000-2016)

 

TABLE 3.38: VIROLOGY KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 35 59 150 151

Publications in SAK 58 145 154

World share (WoS) 0.8% 1.2% 2.4% 2.6%

World rank (WoS) 20 19 13 15

% in Q1 and Q2 quartiles (WoS) 86% 53% 65% 64%

Citation impact: MNCS (WoS) 1.05 1.16 1.23 1.24

% female authors (SAK) 57% 48% 51%

% black authors (SAK) 22% 24% 28%

% authors younger than 40 (SAK) 23% 35% 18%

5. Summary assessment of the state 
of the health sciences
The table overleaf presents a summary of the results of our 
analyses on the different indicators pertaining to the state 
and performance of the health sciences. On each indicator 
we compare the performance of the health sciences with 
all the other science fields.
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TABLE 3.39: HEALTH SCIENCES SCORECARD

Category Indicator Trends in health sciences All fields

Research funding No. of grant holders Increased from 89 in 2002 to 681 in 2015 at 
a CAGR of 16.9%

Increased from 1 023 in 2002 to 4 199 in 
2015 at a CAGR of 11.5%

No. of female grant 
holders

Increased from 29 in 2002 to 347 in 2015 at 
a CAGR of 21.0%

Increased from 203 in 2002 to 1 522 in 2015 
at a CAGR of 16.9%

No. of black grant holders Increased from 15 in 2002 to 222 in 2015 at 
a CAGR of 23.0%

Increased from 135 in 2002 to 1 289 in 2015 
at a CAGR of 19.0%

Average grant value Increased from R279k in 2002 to R315k in 
2015 at a CAGR of 0.9%

Decreased from R409k in 2002 to R367k in 
2015 at a CAGR of -0.8%

Staff capacity Permanent instructional 
staff

Increased from 1 571 from 2000 to 2 223 in 
2015 at a CAGR of 2.3%

Increased from 12 973 in 2000 to 15 641 in 
2015 at a CAGR of 1.3% 

Staff quality Proportion of instructional 
staff with PhD

Increased from 26% in 2000 to 35% in 2015 Increased from 32% in 2000 to 42% in 2015

Staff diversity Proportion of female staff Increased from 51% in 2000 to 63% in 2015 Increased from 38% in 2000 to 47% in 2015

Proportion of black staff Increased from 32% in 2000 to 57% in 2015 Increased from 31% in 2000 to 50% in 2015

Proportion of RSA staff Increased from 91% in 2000 to 95% in 2015 Decreased from 89% in 2000 to 87% in 2015

Doctoral 
enrolments

Total enrolments Increased from 714 in 2000 to 2 566 in 2015 
at a CAGR of 8.9%

Increased from 6 446 in 2000 to 19 557 in 
2015 at a CAGR of 7.7%

New enrolments Increased from 227 in 2000 to 888 in 2015 
at a CAGR of 9.5%

Increased from 2 117 in 2000 to 7 379 in 
2015 at a CAGR of 8.7%

Female enrolments Increased from 371 in 2000 to 1 573 in 2015 
at a CAGR of 10.1%

Increased from 2 452 in 2000 to 8 667 in 
2015 at a CAGR of 8.8%

Black enrolments Increased from 205 in 2000 to 976 in 2015 at 
a CAGR 11%

Increased from 1 667 in 2000 to 6 531 in 
2015 at a CAGR of 9.5%

RSA enrolments Increased from 601 in 2000 to 1 749 in 2015 
at a CAGR of 7.4%

Increased from 5 197 in 2000 to 11 813 in 
2015 at a CAGR of 5.6% 

Doctoral graduates Graduates Increased from 122 in 2000 to 315 in 2015 at 
a CAGR of 6.5%

Increased from 972 in 2000 to 2 524 in 2015 
at a CAGR of 6.6%

Female graduates Increased from 76 in 2000 to 186 in 2015 at 
a CAGR of 6.15%

Increased from 400 in 2000 to 1 115 in 2015 
at a CAGR of 7.1%

Black graduates Increased from 24 in 2000 to 108 in 2015 at 
a CAGR of 10.5% 

Increased from 194 in 2000 to 719 in 2015 at 
a CAGR of 9.1% 

RSA graduates Increased from 96 in 2000 to 227 in 2015 at 
a CAGR of 5.9%

Increased from 789 in 2000 to 1 525 in 2015 
at a CAGR of 4.5%

Research output 
(WoS)

No. of publications (WoS) Increased from 1 140 in 2000 to 4 431 in 
2016 at a CAGR of 8.9%.

Increased from 3 668 in 2000 to 15 550 in 
2016 at a CAGR of 9.4%

World rank Improved from 32 to 31 Improved from 35 to 28 

World share of publications Increased from 0.4% in 2000 to 0.8% in 2016 Increased from 0.44% in 2000 to 0.92% in 2016

Relative Field 
Strength

RFS score Remained unchanged at 0.8 over period 1.0

Research quality Articles in top (Q1 and 
Q2) quartiles

Proportion increased from 59% in 2000 to 
64% in 2016

N/A

Research 
collaboration

Proportion of 
internationally co-
authored publications

International collaboration increased slightly 
from 59% in 2000 to 64% in 2016

Increased from 34% in 2000 to 55% in 2016

Citation impact MNCS Citation impact increased from 0.9 in 2000 
to 1.3 in 2016

Improved from 0.8 in 2000 to 1.1 in 2016

Research 
transformation 
(SAK)

Gender: share of female 
authors

Contribution of women increased from 40%
in 2005 to 45% in 2016

Contribution of women in all fields
increased from 31% in 2005 to 34% in 2016

Race: share of black 
authors

Share of black-authored papers increased
from 21% in 2005 to 31% in 2016

Share of black-authored papers in all fields
increased from 16% in 2005 to 31% in 2016

Age group: share of 
authors under age of 40

Contribution of authors under age of 40
decreased from 26% in 2005 to 24% in 2016

Contribution of authors under the age of 40
decreased from 27% in 2005 to 25% in 2016
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Humanities

1. NRF funding of the humanities 
Utilising the data on grant funding provided by the NRF27, 
we present an overview of grants received by beneficiaries 
in the humanities as well as a profile of grant holders for 
the period 2002 to 2015. 

• The number of grant holders in the humanities increased from 
66 in 2002 to 287 in 2015 at a rate of increase of 12.0% which 
is commensurate with the average across all fields at 11.5%.

• Female and black grant holders have become better 
represented between 2002 and 2015 with a high rate of 
increase recorded for black beneficiaries, while the rate 
of increase of female grant holders lag slightly behind the 
average recorded for all fields. 

• We see an increase in the total value of individual 
grants in the humanities from R15.9 million in 2002 to 
R62.8 million in 2015.28 

• The average value of individual grants, however, decreased 
slightly from R240 580 in 2002 to R218 783 in 2015 which 
is commensurate with the decline recorded for all fields.

• We observe a significant increase in the average value of 
individual grants to black beneficiaries for the period studied 
where the average value in 2015 is much higher than the 
corresponding value for white beneficiaries. The disparities in 
the average grant values by gender remained constant with a 
similar decrease observed in the average value for both groups.

 
TABLE 3.41: HUMANITIES: NO. OF UNIQUE GRANT HOLDERS 
BY GENDER AND RACE (2002 AND 2015)

2002 2015

Women 20 98

Black 1 20

White 19 78

Men 45 189

Black 5 40

White 40 149

Totals 65 287

27 See the Technical Appendix for how we re-classified and subsequently 
analysed the NRF funding for this study.

28 In the Technical Appendix we indicate that all grant values have been 
adjusted over time for inflation.

TABLE 3.40: HUMANITIES: SUMMARY TABLE ON GRANT HOLDERS AND GRANT VALUES (2002 AND 2015)

2002 2015 CAGR CAGR All Fields

No. of grant holders 66 287 12.0% 11.5%

No. of female grant holders 20 98 13.0% 16.9%

No. of black grant holders 6 60 19.4% 19.0%

Total value of individual grants R15 878 309 R62 790 632 11.2% 10.5%

Average value of individual grants R240 580 R218 783 -0.7% -1.2%

Average value of individual grants to female grant holders R127 946 R105 209 -1.5% 0.5%

Average value of individual grants to male grant holders R295 986 R277 673 -0.5% -0.5%

Average value of individual grants to black grant holders R84 160 R386 904 12.5% 3.4%

Average value of individual grants to white grant holders R259 765 R174 345 -3.0% 0.0%

FIGURE 3.75: HUMANITIES: PERCENTAGE OF UNIQUE GRANT 
HOLDERS BY GENDER AND RACE (2002 AND 2015)

 

2. Academic staff capacity and 
diversity in the humanities
This section is devoted to the presentation of the results of 
our analyses (1) of the academic capacity in the humanities 
at South African universities and whether this capacity has 
grown significantly over the past 16 years; (2) whether the 
capacity to supervise the next generation of academics and 
knowledge workers is expanding (the proportion of staff 
with doctoral degrees); and (3) whether the demographic 
profile of South Africa’s academics has changed over the 
16 years and, if so, to what extent. 
 
TABLE 3.42: HUMANITIES: KEY INDICATORS OF ACADEMIC 
CAPACITY AND DIVERSITY (2000-2015)

2000 2005 2010 2015 CAGR

Permanent staff 2 716 2 658 2 576 2 451 -0.7%

No. of staff with PhD 873 762 905 1 093 1.5%

Proportion of staff 
with PhD

32% 29% 35% 45%

No. of female staff 1 140 1 218 1 253 1 228 0.5%

Proportion of female staff 42% 46% 49% 50%

No. of black staff 819 820 863 914 0.7%

Proportion of black staff 34% 34% 36% 42%

No. of RSA staff 2 440 2 431 2 403 2 197 -0.7%

Proportion of RSA staff 90% 92% 93% 90%

 

20152002
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FIGURE 3.76: HUMANITIES: PROPORTIONS OF BLACK AND 
WHITE STAFF BY YEAR (2000-2015)

 

Salient points: 

• The academic capacity in the humanities decreased for 
the period at an average annual rate of -0.7%, which 
is lower than the national average (+1.3%) for the 
same period.

• The number of staff with doctoral degrees increased at a 
rate of 1.5% (compared to the national average of 3.3%) 
over this period, with the result that 45% of all staff in 
2015 were in possession of a PhD (this is slightly higher 
than the national average of 42%).

• The profile of academic staff in the humanities has 
changed significantly over the past 16 years: women are 
now better represented than in 2000 (constituting 50% 
of all staff in 2015 compared to 42% in 2000), and black 
staff are better represented (constituting 42% in 2015 of 
all South African staff compared to 34% in 2000).

• Over this period, the proportion of South African 
academic staff remained constant at 90% for the period, 
which is similar to that observed across all fields. 

3. The academic pipeline in the 
humanities
In this section, we focus specifically on three aspects of the 
academic pipeline: growth trends in doctoral enrolments, 
growth trends in doctoral graduations, and trends in the 
demographics of enrolments and graduates.

3.1 Doctoral enrolments: Growth rates 
and efficiency
Both total and new doctoral enrolments in the humanities 
increased at relatively low rates of 4.0% and 5.6%, 
respectively. The rate of increase in the number of 
doctoral graduates observed was a low 2.1%. 

TABLE 3.43: HUMANITIES: NO. OF DOCTORAL ENROLMENTS 
AND GRADUATES (2000-2015)

 2000 2005 2010 2015 CAGR

Total enrolments 1 371 1 803 1 814 2 452 4.0%

New enrolments 435 440 478 988 5.6%

Graduates 237 220 246 326 2.1%

3.2 Doctoral enrolments: Transformation 
and internationalisation 
Our analysis of transformation and the extent of 
internationalisation reveals the following trends29 
(Table 3.44):

• Female doctoral enrolments increased at a higher rate 
than male enrolments (5.6% compared to 3.0%);

• Black doctoral enrolments increased at a rate much 
higher (but overall relatively low) than that of white 
enrolments (4.2% compared to 0.3%); and

• As far as the increase in foreign students is concerned, 
student enrolments from the rest of Africa increased at a 
much faster rate (15.2%) compared to the increase in the 
number of South African enrolments (1.8%).

TABLE 3.44: HUMANITIES: DOCTORAL ENROLMENTS - 
TRANSFORMATION AND INTERNATIONALISATION SUMMARY 
TABLE (2000-2015)

 2000 2005 2010 2015 CAGR

Total enrolments 1 371 1 803 1 814 2 452 4.0%

Female enrolments 435 594 688 990 5.6%

Male enrolments 936 1 209 1 126 1 462 3.0%

RSA black enrolments 331 483 422 611 4.2%

RSA white enrolments 746 799 695 776 0.3%

ROA 93 235 443 777 15.2%

ROW 127 247 228 253 4.7%

South Africa 1 078 1 282 1 120 1 406 1.8%

The result of the fairly significant demographic shifts 
(especially with regard to gender and race) is clearly 
illustrated when we compare the proportions in each 
subgroup between 2000 and 2015. In 2000, female 
doctoral students constituted 32% of all enrolments; 
by 2015, this had increased to 40%. In 2000, black 
doctoral students constituted 31% of all South African 
enrolments; by 2015, this had increased to constitute 
a substantive 44%.

29  The figures for each subgroup do not sum to the overall number of 
enrolments because a number of records for gender, race and region are 
indicated as ‘unknown’.
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FIGURE 3.77: HUMANITIES: TOTAL DOCTORAL ENROLMENTS 
BY GENDER (2000 AND 2015)

FIGURE 3.78: HUMANITIES: TOTAL DOCTORAL ENROLMENTS 
BY RACE (2000 AND 2015)

The picture with regard to the share of foreign students, 
and especially students from the rest of Africa, is 
interesting as it shows the extent to which foreign students 
have begun to contribute significantly to the academic 
pipeline in the humanities. In 2000, students from the rest 
of Africa constituted a small 7% of all enrolled students. 
By 2015, this has increased to 32%. The proportion of 
foreign students from outside of Africa has remained 
relatively unchanged.

The high growth rates observed for foreign students have 
translated into big changes in the relative contributions 
of foreign students to enrolments in the humanities. The 
figure below shows that while foreign students comprised 
17% of all enrolments in 2000, by 2015 this had increased 
to a significant 42%.

FIGURE 3.79: HUMANITIES: TOTAL DOCTORAL ENROLMENTS 
BY REGION (2000 AND 2015)

3.3 Doctoral graduates: Transformation 
and internationalisation
Our analysis of transformation and the extent of 
internationalisation reveals the following trends 
(Table 3.45):

• Female doctoral students graduated at a higher rate than 
male students (4% compared to 1.2%);

• Black doctoral graduates increased at a relatively low 
rate (2.6%), while white graduates recorded a negative 
growth rate of -1.6%; and

• As far as the increase in foreign graduates is concerned, 
the number of students from the rest of Africa 
especially, but also the rest of the world, increased 
at significant rates of 13.9% and 3.3%, respectively. 
South African graduates recorded a negative growth 
rate of -0.3%.

The result of the demographic shifts with regard to race 
is clearly illustrated when we compare the proportions 
in each subgroup between 2000 and 2015. In 2000, black 
doctoral students constituted 25% of all South African 
graduates; by 2015 this proportion had increased to 
39%. The proportional distribution of female and male 
graduates changed, albeit not as dramatically: in 2000, 
female doctoral students constituted 30% of all graduates; 
by 2015 this proportion had increased to 39%.

FIGURE 3.80: HUMANITIES: DOCTORAL GRADUATES BY 
GENDER (2000 AND 2015)

 Female enrolments  Male enrolments 

 Black enrolments   White enrolments 

 South Africa  Rest of World  Rest of Africa

127
10%

93
7%

777
32%

253
10%

1 078
83%

1 406
58%

2000 2015

 Female graduates  Male graduates 

TABLE 3.45: HUMANITIES: DOCTORAL GRADUATES – 
TRANSFORMATION AND INTERNATIONALISATION SUMMARY 
TABLE (2000-2015)

 2000 2005 2010 2015 CAGR

Total graduates 237 220 246 326 2.1%

Female graduates 70 83 85 126 4.0%

Male graduates 167 137 161 200 1.2%

RSA black graduates 45 43 38 66 2.6%

RSA white graduates 132 108 113 103 -1.6%

Rest of Africa 15 37 57 106 13.9%

Rest of world 29 25 38 47 3.3%

South Africa 177 151 151 169 -0.3%
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FIGURE 3.84: HUMANITIES: PUBLICATION OUTPUT BY SUB-FIELDS (2000-2016)30

30 The tree map is based on the subject categories in WoS. Because fields are ‘constructed’ by assigning journals to each subject category, and because the 
same journal can typically be assigned to more than one subject category, the total of papers in this map will exceed the total of unique papers. The tree map is 
organised in descending order from the highest to lowest numbers of papers per sub-field; in other words, the size of the blocks correspond to the share of each 
sub-field to total output. We have in each case selected the fields that produced at least 85% of all publication outputs.

FIGURE 3.81: HUMANITIES: DOCTORAL GRADUATES BY RACE 
(2000 AND 2015)

FIGURE 3.82: HUMANITIES: DOCTORAL GRADUATES BY 
REGION (2000 AND 2015) 
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The higher growth rates in foreign students are clearly 
reflected in the figure above. In 2000, foreign students 
constituted only 20% of all graduates. By 2015 this has 
increased to constituting almost half (48%). 

4. Research performance
Between 2000 and 2016, South African scholars authored 
or co-authored 9 106 articles in the WoS in the field of 
humanities. The breakdown by year (Figure 3.83) shows a 
steady increase in output over this period, from 164 in 2000 
to 1 191 in 2016 at a CAGR of 13.2%. This growth in the 
number of publications has translated into an increase in 

FIGURE 3.83: HUMANITIES: SOUTH AFRICA’S PUBLICATION 
OUTPUT (WOS) (2000-2016)
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world share: from 0.3% in 2000 to 1.4% in 2016. It has also 
meant that South Africa’s rank in the world improved from 
17th in 2000 to 14th in 2016.

4.1 The sub-fields of the humanities
The humanities – as classified in the WoS – contains 
a wide array of very diverse sub-fields and disciplines. 
These include the professional disciplines of law and 
religion (theology), two of the more basic disciplines 
(history and philosophy), as well as the languages and arts.

4.2 Research quality
In the figure below, we present the distribution of papers 
produced in the humanities by quartile. The results show 
large fluctuations from year to year (mostly due to the 
small numbers). Over the entire period, 51% of the papers 
were published in higher impact journals (i.e. in Q1 and Q2 
ranked journals).

FIGURE 3.85: HUMANITIES: SOUTH AFRICAN DISTRIBUTION OF 
OUTPUT JIF QUARTILES (2000-2016)

 

4.3 Positional analysis
Positional analysis combines three indicators: the citation 
impact (MNCS) of each sub-field, the RFS, and the overall 
volume of publications. This results in a two-dimensional 
positioning of each sub-field, creating four quadrants. Ideally, 
one would like to see a large number of disciplines located in 
the top right-hand quadrant (high visibility and high activity). 

A cautionary note is in order. It is generally recognised that 
citation scores for the humanities are less reliable and valid 
measures of citation impact. This is due to at least two 
reasons: the first refers to the lower citation frequency/
density of papers in the humanities; the second, to the 
large proportions of citations to books and book chapters 
which are still not adequately covered in the WoS. These 
‘constraints’ are clearly illustrated in the figure below 
where we see the very low MNCS values for all disciplines. 
What is not surprising is the prominence – because of 
relative strength – of fields such as religion, language and 
linguistics, and cultural studies.

FIGURE 3.86: HUMANITIES: MNCS VS RFS FOR SUB-FIELDS  
(2000-2008 AND 2009-2016)
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4.4 Research collaboration
The results of our analysis of trends in research 
collaboration for the humanities reveals a number of trends 
that are typical to publication and authorship practices in 
the field. The first is the fact that the majority of papers 
over this period are single-authored papers. Although 
the proportion is declining, it remains substantial (66% in 
2016). National collaboration has remained between 10% 
and 19% over this period, while international collaboration 
(with the rest of Africa and rest of the world combined) 
increased to 27% in 2016. 

FIGURE 3.87: HUMANITIES: SOUTH AFRICA PUBLICATION 
COLLABORATION PROFILES (2000-2016)

 

4.5 Researcher demographics
Between 2005 and 2016, men dominated publication output 
in the field, producing on average 66% of all papers over this 
period. The breakdown by year in Figure 3.88 below shows 
that the relative shares of male and female authors have not 
changed substantially over the past 12 years.

FIGURE 3.88: HUMANITIES: RESEARCHER GENDER (2005-2016)

 
Between 2005 and 2016, white authors dominated 
publication output in the field, producing 84% of all 
papers. The breakdown by year in Figure 3.89 shows that 
the relative share of black scientists and academics has 
increased steadily: by 2016, they contributed 18% to overall 
publication output in the field. 

FIGURE 3.89: HUMANITIES: RESEARCHER RACE (2005-2016)

 

In the next figures, we present the results of our analysis 
of trends in the shares of different age groups for the 
field of humanities. The first figure shows the breakdown 
by age intervals for the entire period 2005 to 2016. The 
next figure presents a breakdown of the figures by year. 
The results can be regarded as positive as it is clear that 
increasing numbers of younger scientists (below the age 
of 40) are contributing to the research output in the field. 
Conversely, smaller proportions of output – especially over 
the past five to six years – are produced by authors over 
the age of 60.

FIGURE 3.90: HUMANITIES: RESEARCHER AGE (2005-2016)

 

FIGURE 3.91: HUMANITIES: RESEARCHER AGE BY YEAR  
(2005-2016)

 

4.6 Sub-field analyses
Further analyses were conducted for the following 
four larger sub-fields included under the heading of the 
humanities: humanities and arts other, languages and 
linguistics, law, and religion. 
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Humanities and arts other

The WoS classifies a number of smaller humanities 
disciplines under the heading ‘humanities and arts other’. 
This category includes a diverse grouping of disciplines (see 
figure below). In addition to the more standard humanities 
disciplines of philosophy and history, the field also includes 
more of the visual and performing arts. 

FIGURE 3.92: HUMANITIES AND ARTS OTHER: MNCS VS RFS 
FOR SUB-FIELDS (2000-2008 AND 2009-2016)
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The tree maps below present a breakdown of the individual 
university contributions to the field for the period  
2000 to 2016. The first tree map represents the results of 
the WoS analyses (total articles = 3 647) over this period. 
The second tree map represents the results of our analyses 
of the SAK data (total articles = 9 553).

FIGURE 3.93: HUMANITIES AND ARTS OTHER PUBLICATIONS 
BY INSTITUTION (WOS) (2000-2016)

 

FIGURE 3.94: HUMANITIES AND ARTS OTHER PUBLICATIONS 
BY INSTITUTION (SAK) (2005-2016)

 

TABLE 3.46: HUMANITIES AND ARTS OTHER KEY INDICATORS 
(2000-2016)

2000 2005 2010 2016

Publications in WoS 107 109 245 458

Publications in SAK 401 569 675

World share (WoS) 0.3 0.4 0.7 1.0

World rank (WoS) 16 15 18 19

% in Q1 and Q2 quartiles (WoS) 65% 59% 74% 72%

Citation impact: MNCS (WoS) 1.13 2.06 1.76 1.53

% female authors (SAK) 31% 40% 34%

% black authors (SAK) 18% 16% 14%

% authors younger than 40 (SAK) 26% 24% 24%

 

Language and linguistics

The field of language and linguistics includes a wide variety 
of language disciplines as well as sub-disciplines such 
as poetry.
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FIGURE 3.95: LANGUAGE AND LINGUISTICS: MNCS VS RFS FOR 
SUB-FIELDS (2000-2008 AND 2009-2016)

 

Between 2005 and 2016, South African authors published 
2 185 papers in WoS journals in the field. The tree maps 
in Figures 3.96 and 3.97 present a breakdown of the 
institutions that together produced the bulk of these 
papers as recorded in the WoS and SAK, respectively.

FIGURE 3.96: LANGUAGE AND LINGUISTICS PUBLICATIONS BY 
INSTITUTION (WOS) (2000-2016)

 

FIGURE 3.97: LANGUAGE AND LINGUISTICS PUBLICATIONS BY 
INSTITUTION (SAK) (2005-2016)

 

However, when we focus on the production of articles 
in the field in the DHET-accredited list of journals, we 
get a very different perspective on the volume of output. 
Between 2005 and 2016, South African authors published 
6 076 papers in DHET-accredited journals in the field. This 
comparison shows the extent to which academics in the 
field tend to prefer to publish in local journals – more than 
20 local journals are devoted to the fields of languages 
and linguistics. 

TABLE 3.47: LANGUAGE AND LINGUISTICS KEY INDICATORS 
(2000-2016)

2000 2005 2010 2016

Publications in WoS 35 54 160 309

Publications in SAK 321 547 525

World share (WoS) 0.3 0.5 1.1 1.6

World rank (WoS) 21 18 13 12

% in Q1 and Q2 quartiles (WoS) 30% 38% 71% 69%

Citation impact: MNCS (WoS) 1.54 1.31 0.64 0.48

% female authors (SAK) 54% 43% 48%

% black authors (SAK) 11% 16% 24%

% authors younger than 40 (SAK) 19% 25% 17%

 
Law

Between 2000 and 2016, South African authors published 
1 569 papers in WoS journals in the field. The tree maps 
below present a breakdown of the institutions that 
together produced the bulk of these papers, as recorded in 
the WoS and SAK, respectively.

However, when we focus on the production of articles in 
the field of law in the DHET-accredited list of journals, we 
get a very different perspective on the volume of output. 
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Between 2005 and 2016, South African authors published 
7 106 papers in DHET-accredited journals in the field. 
This comparison shows the extent to which academics 
in the field tend to prefer to publish in local journals – 
more than 20 local journals are devoted to the field of 
law. The breakdown by institutional share in the figure 
below reveals large differences when compared to the 
institutional contributions in WoS papers. 

FIGURE 3.99: LAW PUBLICATIONS BY INSTITUTION (SAK) 
(2005-2016)

 

TABLE 3.48: LAW KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 18 38 71 279

Publications in SAK 432 589 571

World share (WoS) 0.2 0.5 0.6 1.6

World rank (WoS) 23 21 22 15

% in Q1 and Q2 quartiles (WoS) 50% 71% 33% 33%

Citation impact: MNCS (WoS) 0.58 0.70 0.78 0.64

% female authors (SAK) 40% 39% 38%

% black authors (SAK) 10% 18% 23%

% authors younger than 40 (SAK) 31% 31% 30%

Religion

Between 2000 and 2016, South African scholars 
published 1 872 papers in WoS journals in the field 
(see Figure 3.100). The universities (predominantly the 
historically Afrikaans-medium universities) with faculties 
of theology (UP, NWU, SU, UNISA and UFS) dominate 
the output in the field. Universities with schools or 
departments of religious studies or divinity make up the 
remainder of the production.

FIGURE 3.100: RELIGION PUBLICATIONS BY INSTITUTION 
(WOS) (2000-2016)

 

However, when we focus on the production of articles in 
the field of religion in the DHET-accredited list of journals, 
we get a very different perspective on the volume of 
output. Between 2005 and 2016, South African authors 
published 7 592 papers in DHET-accredited journals in 
the field. This comparison shows the extent to which 
academics in the field tend to prefer to publish in local 
journals – more than 25 local journals are devoted to the 
fields of theology and religious studies. The breakdown 
by institutional share in the figure below produces two 
interesting results. The first, not surprisingly, is the fact 
that the historically Afrikaans universities with faculties of 
theology dominate output in the field. The second is that 
authors from UP tend to publish disproportionately more 
in WoS journals than academics from other universities. 
The reason for this is the fact that one of the local journals 
(Hervormde Teologiese Studies), which is indexed in the 
WoS, is dominated by authors from UP.

FIGURE 3.101: RELIGION PUBLICATIONS BY INSTITUTION (SAK) 
(2005-2016)

 

TABLE 3.49: RELIGION KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 6 73 113 171

Publications in SAK 459 611 715

World share (WoS) 0.3 3.9 3.8 3.3

World rank (WoS) 15 4 5 7

% in Q1 and Q2 quartiles (WoS) 33% 1% 6% 52%

Citation impact: MNCS (WoS) 0.00 0.00 0.47 1.45

% female authors (SAK) 15% 15% 16%

% black authors (SAK) 10% 14% 17%

% authors younger than 40 (SAK) 16% 15% 15%

FIGURE 3.98: LAW PUBLICATIONS BY INSTITUTION (WOS) 
(2000-2016)
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5. Summary assessment of the state of humanities
The table below presents a summary of the results of our analyses on the different indicators pertaining to the state and 
performance of the humanities. On each indicator we compare the performance of the humanities with all the other science fields.

TABLE 3.50: HUMANITIES SCORECARD

Category Indicator Trends in humanities All fields

Research funding No. of grant holders Increased from 66 in 2002 to 287 in 2015 at 
a CAGR of 12.0%

Increased from 1 023 in 2002 to 4 199 in 
2015 at a CAGR of 11.5%

No. of female grant holders Increased from 20 in 2002 to 98 in 2015 at a 
CAGR of 13.0%

Increased from 203 in 2002 to 1 522 in 2015 
at a CAGR of 16.9%

No. of black grant holders Increased from 6 in 2002 to 60 in 2015 at a 
CAGR of 19.4%

Increased from 135 in 2002 to 1 289 in 2015 
at a CAGR of 19.0%

Average grant value Decreased from R241k in 2002 to R219k in 
2015 at a CAGR of -0.7%

Decreased from R409k in 2002 to R367k in 
2015 at a CAGR of -0.8%

Staff capacity Permanent 
instructional staff

Decreased from 2 716 in 2000 to 2 451 in 
2015 at a CAGR -0.7%

Increased from 12 973 in 2000 to 15 641 in 
2015 at a CAGR of 1.3% 

Staff quality Proportion of instructional 
staff with PhD

Increased from 32% in 2000 to 45% in 2015 Increased from 32% in 2000 to 42% in 2015

Staff diversity Proportion of female staff Increased from 42% in 2000 to 50% in 2015 Increased from 38% in 2000 to 47% in 2015

Proportion of black staff Increased from 34% in 2000 to 42% in 2015 Increased from 31% in 2000 to 50% in 2015

Proportion of RSA staff Remained constant at 90% in 2000 and 2015 Decreased from 89% in 2000 to 87% in 2015

Doctoral 
enrolments

Total enrolments Increased from 1 371 in 2000 to 2 452 in 
2015 at a CAGR 4%

Increased from 6 446 in 2000 to 19 557 in 
2015 at a CAGR of 7.7%

New enrolments Increased from 435 in 2000 to 988 in 2015 
at a CAGR of 5.6%

Increased from 2 117 in 2000 to 7 379 in 
2015 at a CAGR of 8.7%

Female enrolments Increased from 435 in 2000 to 990 in 2015 at 
a CAGR of 5.6%

Increased from 2 452 in 2000 to 8 667 in 
2015 at a CAGR of 8.8%

Black enrolments Increased from 331 in 2000 to 611 in 2015 at 
a CAGR of 4.2%

Increased from 1 667 in 2000 to 6 531 in 
2015 at a CAGR of 9.5%

RSA enrolments Increased from 1 078 in 2000 to 1 406 in 
2015 at a CAGR of 1.8%

Increased from 5 197 in 2000 to 11 813 in 
2015 at a CAGR of 5.6% 

Doctoral 
graduates

Graduates Increased from 237 in 2000 to 326 in 2015 at 
a CAGR of 2.1%

Increased from 972 in 2000 to 2 524 in 2015 
at a CAGR of 6.6%

Female graduates Increased from 70 in 2000 to 126 in 2015 at 
a CAGR of 4%

Increased from 400 in 2000 to 1 115 in 2015 
at a CAGR of 7.1%

Black graduates Increased from 45 in 2000 to 66 in 2015 at a 
CAGR of 2.6% 

Increased from 194 in 2000 to 719 in 2015 at 
a CAGR of 9.1% 

RSA graduates Decreased from 177 to 169 in 2015 at a 
CAGR of -0.3%

Increased from 789 in 2000 to 1 525 in 2015 
at a CAGR of 4.5%

Research output 
(WoS)

No. of publications (WoS) Increased from 164 in 2000 to 1 191 in 2016 
at a CAGR of 13.2%.

Increased from 3 668 in 2000 to 15 550 in 
2016 at a CAGR of 9.4%

World rank Improved from 17 in 2000 to 14 in 2016 Improved from 35 to 28 

World share of publications Increased from 0.3% in 2000 to 1.4% in 2016 Increased from 0.44% in 2000 to 0.92% in 2016

Relative Field 
Strength

RFS score Increased from 0.7 in 2000 to 1.5 in 2016 1.0

Research quality Articles in top (Q1 and Q2) 
quartiles

Proportions in top quartiles fluctuated 
hugely but with an average of 51% over the 
period

N/A

Research 
collaboration

Proportion of 
internationally co-authored 
publications

International collaboration remains 
constant with single-authored and national 
collaborative papers in the majority

Increased from 34% in 2000 to 55% in 2016

Citation impact MNCS Decreased from 1.1 in 2000 to 1.0 in 2016 Improved from 0.8 in 2000 to 1.1 in 2016

Research 
transformation 
(SAK)

Gender: share of female 
authors

Contribution of women remained unchanged
at around 33% of all articles

Contribution of women in all fields
increased from 31% in 2005 to 34% in 2016

Race: share of black 
authors

Share of black-authored papers increased
from 12% in 2005 to 19% in 2016

Share of black-authored papers in all fields
increased from 16% in 2005 to 31% in 2016

Age group: share of 
authors under age of 40

Contribution of authors under age of 40
remained relatively unchanged at 23%

Contribution of authors under the age of 40
decreased from 27% in 2005 to 25% in 2016
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Natural sciences

1. NRF funding of the natural sciences
Utilising the data on grant funding provided by the NRF31, 
we present an overview of grants received by beneficiaries 
in the natural sciences as well as a profile of grant holders 
for the period 2002 to 2015. 

• The number of grant holders in the natural sciences increased 
from 497 in 2002 to 1704 in 2015 at a rate of increase of 9.9% 
which is lower than the average across all fields at 11.5%.

• Female and black grant holders have become better 
represented between 2002 and 2015, while the rate of 
increase of black grant holders is slightly lower than the 
average recorded for all fields.

• We see a substantial increase in the total value of 
individual grants in the natural sciences from R189 million 
in 2002 to R710.6 million in 2015.32 

• The average value of individual grants similarly increased 
from R380 296 in 2002 to R417 035 in 2015 at a CAGR of 
0.7% which is higher than the decline recorded for all fields.

• The average value of individual grants by race has become 
more equal since 2002, but the average grant values of 
white recipients remain higher than the corresponding 
value for black grant holders in 2015. The disparities in the 
average grant values by gender increased slightly where the 
average value of grants to male beneficiaries in 2015 is much 
higher than the corresponding value for female beneficiaries.

TABLE 3.52: NATURAL SCIENCES: NO. OF UNIQUE GRANT 
HOLDERS BY GENDER AND RACE (2002 AND 2015)

2002 2015

Women 72 503

Black 9 130

White 63 373

Men 425 1200

Black 60 387

White 364 812

Total 497 1 703

31 See the Technical Appendix for how we re-classified and subsequently 
analysed the NRF funding for this study.

32 In the Technical Appendix we indicate that all grant values have been 
adjusted over time for inflation.

FIGURE 3.102: NATURAL SCIENCES: PERCENTAGE OF UNIQUE 
GRANT HOLDERS BY GENDER AND RACE (2002 AND 2015)

 

2. Academic staff capacity and 
diversity in the natural sciences
Our focus in this section is on the academic (instructional 
and research) capacity at South African universities. Our 
specific interest here is to gain a better understanding 
(1) of the academic capacity at South African universities 
and whether this capacity has grown significantly over the 
past 16 years; (2) whether the capacity to supervise the 
next generation of academic and knowledge workers is 
expanding (the proportion of staff with doctoral degrees); 
and (3) whether the demographic profile of South Africa’s 
academics has changed over the 16 years and, if so, to 
what extent. 

TABLE 3.53: NATURAL SCIENCES: KEY INDICATORS OF 
ACADEMIC CAPACITY AND DIVERSITY (2000-2015)

2000 2005 2010 2015 CAGR

Permanent instructional staff 2 815 3 331 3 610 3 656 1.8%

No. of instructional staff 
with PhD

1 195 1 296 1 591 1 882 3.1%

Proportion of instructional 
staff with PhD

42% 39% 44% 51%

No. of female staff 922 1 191 1 339 1 412 2.9%

Proportion of female staff 33% 36% 37% 39%

No. of black staff 667 1 116 1 401 1 563 5.8%

Proportion of black staff 28% 36% 44% 52%

No. of RSA staff 2 420 3 076 3 185 2 997 1.4%

Proportion of RSA staff 86% 92% 88% 82%

TABLE 3.51: NATURAL SCIENCES: SUMMARY TABLE ON GRANT HOLDERS AND GRANT VALUES (2002 AND 2015)

2002 2015 CAGR CAGR All Fields

No. of grant holders 497 1 704 9.9% 11.5%

No. of female grant holders 72 503 16.1% 16.9%

No. of black grant holders 69 517 16.8% 19.0%

Total value of individual grants R189 007 186 R710 627 657 10.7% 10.5%

Average value of individual grants R380 296 R417 035 0.7% -1.2%

Average value of individual grants to female grant holders R229 920 R260 605 1.0% 0.5%

Average value of individual grants to male grant holders R405 772 R481 873 1.3% -0.5%

Average value of individual grants to black grant holders R211 405 R358 177 4.1% 3.4%

Average value of individual grants to white grant holders R408 315 R441 734 0.6% 0.0%
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FIGURE 3.103: NATURAL SCIENCES: PROPORTIONS OF BLACK 
AND WHITE STAFF (2000-2015)

Salient points: 

• The academic capacity in the natural sciences increased for 
the period at an average annual rate of 1.8%, which is higher 
than the national average (1.3%) for the same period.

• The number of staff with doctoral degrees increased at a 
rate of 3.1% (compared to the national average of 3.3%) 
over this period, with the result that 51% of all staff in 
2015 were in possession of a PhD (this is higher than the 
national average of 42%).

• The profile of academic staff in the natural sciences has 
changed significantly over the past 16 years: women are 
now slightly better represented than in 2000 (constituting 
39% of all staff in 2015 compared to 33% in 2000); black 
staff are better represented (constituting 52% in 2015 of 
all South African staff compared to 28% in 2000).

• Over this period, the proportion of South African 
academics decreased from 86% in 2000 to 82% in 2015.

3. The academic pipeline in the 
natural sciences
In this section, we focus specifically on three aspects of the 
academic pipeline: growth trends in doctoral enrolments, 
growth trends in doctoral graduations, and trends in the 
demographics of enrolments and graduates.

3.1 Doctoral enrolments: Growth rates 
and efficiency
Both total and new doctoral enrolments in the natural 
sciences increased at relatively average rates of 7.0% and 
8.7%, respectively. The rate of increase in the number of 
doctoral graduates observed was a good 7.5%. 

TABLE 3.54: NATURAL SCIENCES: NO. OF DOCTORAL 
ENROLMENTS AND GRADUATES (2000-2015)

2000 2005 2010 2015 CAGR

Total enrolments 1 520 1 744 2 780 4 172 7.0%

New enrolments 436 561 651 1 520 8.7%

Graduates 192 248 390 565 7.5%

3.2 Doctoral enrolments: Transformation 
and internationalisation 
Our analysis of transformation and the extent of 
internationalisation reveals the following trends33 (Table 3.55):

• Female doctoral enrolments increased at a slightly higher 
rate than male enrolments (7.4% compared to 6.7%);

• Black doctoral enrolments increased at a rate much 
higher than that of white enrolments (9.0% compared to 
2.1%);34 and

• As far as the increase in foreign students is concerned, 
student enrolments from the rest of Africa increased at 
a much higher rate (16.0%) compared to the increase 
in the number of foreign students from the rest of 
the world (6.2%) and the number of South African 
enrolments (4.9%).

TABLE 3.55: NATURAL SCIENCES: DOCTORAL ENROLMENTS - 
TRANSFORMATION AND INTERNATIONALISATION SUMMARY 
TABLE (2000-2015)

2000 2005 2010 2015 CAGR

Total enrolments 1 520 1 744 2 780 4 172 7.0%

Female enrolments 584 702 1 102 1 704 7.4%

Male enrolments 936 1 042 1 678 2 467 6.7%

RSA black enrolments 351 454 716 1 275 9.0%

RSA white enrolments 830 812 1 044 1 134 2.1%

Rest of Africa 156 293 781 1 443 16.0%

Rest of world 109 132 186 268 6.2%

South Africa 1 183 1 267 1 769 2 432 4.9%

The result of the fairly significant demographic shifts 
(especially with regard to gender and race) is clearly 
illustrated when we compare the proportions in each 
subgroup between 2000 and 2015. In 2000, female doctoral 
students constituted 38% of all enrolments. By 2015 this 
had increased to 41%. In 2000, black doctoral students 
constituted 30% of all South African enrolments. By 2015 
this had increased to over half (52%) of all enrolments.

FIGURE 3.104: NATURAL SCIENCES: TOTAL DOCTORAL 
ENROLMENTS BY GENDER (2000 AND 2015)

 

33 The figures for each subgroup do not sum to the overall number of 
enrolments because a number of records for gender, race and region are 
indicated as ‘unknown’.  

34 Note: the disaggregation of race only applies to South African nationals.
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FIGURE 3.105: NATURAL SCIENCES: TOTAL DOCTORAL 
ENROLMENTS BY RACE (2000 AND 2015)

 

The picture with regard to the share of foreign students, 
and especially students from the rest of Africa, is 
interesting as it shows the extent to which foreign 
students have begun to contribute significantly to the 
academic pipeline in the natural sciences. In 2000, students 
from the rest of Africa constituted a small 11% of all 
enrolled students. By 2015 this has increased to 35%. 
The proportion of foreign students from outside of Africa 
has remained relatively unchanged.

The high growth rates observed for foreign students have 
translated into big changes in the relative contributions 
of foreign students to enrolments in the natural sciences. 
The graph below shows that while foreign students 
comprised 18% of all enrolments in 2000, by 2015 this had 
increased significantly to 41%.

FIGURE 3.106: NATURAL SCIENCES: TOTAL DOCTORAL 
ENROLMENTS BY REGION (2000 AND 2015)

3.3 Doctoral graduates: Transformation 
and internationalisation
Our analysis of transformation and the extent of 
internationalisation reveals the following trends (Table 3.56):

• The number of female and male doctoral graduates 
increased at a similar rate (7.1% and 7.8%, respectively);

• Black doctoral graduates increased at a much faster rate 
than white graduates (12.0% compared to 2.2%); and

• As far as the increase in foreign graduates is concerned, 
the number of students from especially the rest of Africa 
increased at a much higher rate (18.8%) compared 
to graduates from the rest of the world (5.6%) or 
South Africa (5.2%).

TABLE 3.56: NATURAL SCIENCES: DOCTORAL GRADUATES – 
TRANSFORMATION AND INTERNATIONALISATION SUMMARY 
TABLE (2000-2015)

2000 2005 2010 2015 CAGR

Total graduates 192 248 390 565 7.5%

Female graduates 85 90 147 237 7.1%

Male graduates 107 158 243 328 7.8%

RSA black graduates 27 49 81 148 12.0%

RSA white graduates 122 116 163 169 2.2%

Rest of Africa 16 48 110 211 18.8%

Rest of world 16 28 29 36 5.6%

South Africa 149 165 244 317 5.2%

The result of the fairly significant demographic shifts with 
regard to race is clearly illustrated when we compare the 
proportions in each subgroup between 2000 and 2015. In 
2000, black doctoral students constituted 18% of all South 
African graduates. By 2015, this had increased to 47%. The 
proportional distribution of female and male graduates 
changed, albeit not as dramatically: in 2000, female 
doctoral students constituted 44% of all graduates but by 
2015 this had decreased to 42%.

FIGURE 3.107: NATURAL SCIENCES: DOCTORAL GRADUATES 
BY GENDER (2000 AND 2015)

 

FIGURE 3.108: NATURAL SCIENCES: DOCTORAL GRADUATES 
BY RACE (2000 AND 2015)

 

The higher growth rates in foreign students are reflected 
in Figure 3.109. In 2000, foreign students constituted only 
18% of all graduates. By 2015, this had increased to a 
significant 44% of all graduates. 
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FIGURE 3.109: NATURAL SCIENCES: DOCTORAL GRADUATES 
BY REGION (2000 AND 2015)

  

4. Research performance
Between 2000 and 2016, South African scientists  
(co-)authored 60 263 articles in the WoS in the broad field 
of the natural sciences. The breakdown by year (Figure 
3.110) shows a steady increase in output over this period, 
from 1 797 in 2000 to 6 528 in 2016 at a CAGR of 8.4%. 
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This growth in the number of publications has translated 
into an increase in world share: from 0.5% in 2000 to 0.9% 
in 2016. It has also meant that South Africa’s rank in the 
world improved from 36th in 2000 to 31st in 2016.

FIGURE 3.110: NATURAL SCIENCES: SOUTH AFRICA’S 
PUBLICATION OUTPUT (WOS) (2000-2016)
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FIGURE 3.111: NATURAL SCIENCES: PUBLICATION OUTPUTS BY SUB-FIELDS (2000-2016)35

35 The tree map is based on the subject categories in WoS. Because fields are ‘constructed’ by assigning journals to each subject category, and because the 
same journal can typically be assigned to more than one subject category, the total of papers in this map will exceed the total of unique papers. The tree map is 
organised in descending order from the highest to lowest numbers of papers per sub-field; in other words, the size of the blocks correspond to the share of each 
sub-field to total output. We have in each case selected the fields that produced at least 85% of all publication outputs.
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4.1 The sub-fields of the natural sciences
The ‘natural sciences’ are typically housed in a single faculty 
at most universities. However, the diversity of sub-fields 
and disciplines are also reflected in the existence of 
schools of life sciences and biological sciences within such 
faculties. Within the WoS, the next level of disaggregation 
distinguishes between five fields: biological sciences, 
chemical sciences, earth sciences, mathematical sciences, 
and physical sciences. It is only at the next level that more 
standard disciplines such as chemistry, physics, zoology and 
the like emerge. This is illustrated in Figure 3.111. 

4.2 Research quality
Assessing the quality of research is regarded as one of 
the biggest challenges in scientometrics. We decided 
to employ one indicator that we believe is a proxy for 
research quality; namely, the proportion of papers in the 
top quartiles of WoS journals (quartiles as categorised by 
the journal impact factor). In the figure below, we present 
the distribution of papers produced in the natural sciences 
by quartile. The results show a significant increase in the 
proportions of papers that were published in higher impact 
journals; that is, in Q1 and Q2 ranked journals. In 2000, 
57% of papers appeared in these journals. By 2016, this 
proportion had increased to 73%.

FIGURE 3.112: NATURAL SCIENCES: SOUTH AFRICAN 
DISTRIBUTION OF OUTPUT JIF QUARTILES (2000-2016)

 

4.3 Positional analysis
Positional analysis combines three indicators: the citation 
impact (MNCS) of each sub-field, the RFS, and the overall 
volume of publications. This results in a two-dimensional 
positioning of each sub-field, creating four quadrants. 
Ideally, one would like to see a large number of disciplines 
located in the top right-hand quadrant (high visibility and 
high activity). This means that these fields have relatively 
high (citation) visibility and are already relatively more active 
(strong) than the other fields. These fields include one of 
the medium-sized disciplines (astronomy and astrophysics), 
as well as some smaller fields (particle and nuclear physics, 
and mycology). Other fields with high RFS scores and above 

average citation impact scores are ecology, biodiversity and 
conservation, zoology, and evolutionary biology. Physics – 
although not recording a high RFS score – has reasonable 
citation visibility. A field that recorded below average 
visibility and activity scores is water resources.

FIGURE 3.113: NATURAL SCIENCES: MNCS VS RFS FOR  
SUB-FIELDS (2000-2008 AND 2009-2016)
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4.4 Research collaboration
The results of our analysis of trends in research 
collaboration for the natural sciences show the steady 
increase in internationally co-authored papers over the 
period 2000 to 2016, an increase in collaboration with 
scientists outside of Africa, and a concomitant decline in 
collaboration nationally. Total international collaboration 
over this period increased from 39% to 66%.

FIGURE 3.114: NATURAL SCIENCES: SOUTH AFRICA 
PUBLICATION COLLABORATION PROFILES (2000-2016)

4.5 Researcher demographics
In the next three graphs we present information on the 
demographics of the researchers who typically produce the 
publications in the field. We present information on the 
gender, race and age category of authors.

Between 2005 and 2016, men dominated publication output 
in the field producing 72% of all papers. The breakdown by 
year in Figure 3.115 below shows that the relative shares of 
male and female authors have not changed substantially over 
the past 12 years.

FIGURE 3.115: NATURAL SCIENCES: RESEARCHER GENDER 
(2005-2016)

 

Between 2005 and 2016, white authors dominated 
publication output in the field, producing 74% of all papers. 
The breakdown by year in Figure 3.116 below shows 
that the relative share of black scientists and academics 

has increased steadily: by 2016, they contributed 34% to 
overall publication output in the field. 

FIGURE 3.116: NATURAL SCIENCES: RESEARCHER RACE  
(2005-2016)

 

In the next two figures, we present the results of our 
analysis of the age of authors in the natural sciences. 
The first figure shows the breakdown by age intervals for 
the entire period 2005 to 2016. The next graph presents 
a breakdown of the figures by year. The results can be 
regarded as positive as it is clear that increasing numbers 
of younger scientists (below the age of 40) are contributing 
to the research output in the field. Conversely, smaller 
proportions of output – especially over the past five to six 
years – are produced by authors over the age of 60.

FIGURE 3.117: NATURAL SCIENCES: RESEARCHER AGE (2005-2016)

 

FIGURE 3.118: NATURAL SCIENCES: RESEARCHER AGE BY YEAR 
(2005-2016)

 

4.6 Sub-field analyses
Our analysis is confined to five of the more homogenous 
groupings that are included in the WoS level 2 classification 
of the natural sciences; namely, biological sciences, 
chemical sciences, earth sciences, mathematical sciences, 
and physical sciences. Table 3.57 presents an overview of 
the five main fields and the associated sub-fields/disciplines 
analysed and discussed in this section.
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TABLE 3.57: OVERVIEW OF MAIN SUBJECT FIELDS AND 
ASSOCIATED SUB-FIELDS IN THE NATURAL SCIENCES

Main field Sub-fields/discipline

Biological sciences Biotechnology and applied microbiology

Entomology

Marine and freshwater biology

Microbiology

Zoology

Chemical sciences Chemistry

Earth sciences Ecology

Physical geography

Water resources

Mathematical 
sciences and 
Information, 
Computer Science 
and Communication 
Technologies

Computer Science

Mathematics

Statistics and probability

Physical sciences Astronomy and astrophysics

Physics

Biological sciences

The two graphs below compare the positions of sub-fields 
in the biological sciences between an earlier period (2000 
to 2008) and the most recent period (2009 to 2016). 
The most significant shift (also reflected in Table 3.58) 
is the overall increase in citation impact for many of the 
sub-fields – most notably for zoology (the largest sub-field) 
and ornithology.

The tree map in Figure 3.120 presents a breakdown of the 
individual institutional contributions to the field for the period 

2000 to 2016 (total articles = 17 659). The 16 institutions 
listed below produced more than 85% of total output. 36

FIGURE 3.120: BIOLOGICAL SCIENCES PUBLICATIONS BY 
INSTITUTION (2000-2016)

 

TABLE 3.58: BIOLOGICAL SCIENCES KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 592 744 1 197 1 653

Publications in SAK 679 1 237 1 508

World share (WoS) 0.7% 0.7% 0.9% 1.1%

World rank (WoS) 29 33 29 28

% in Q1 and Q2 quartiles (WoS) 52% 48% 51% 61%

Citation impact: MNCS (WoS) 0.98 0.98 1.16 1.33

% female authors (SAK) 31% 35% 33%

% black authors (SAK) 3% 14% 21%

% authors younger than 40 (SAK) 33% 34% 28%

36  We employ full paper counting at the institutional level throughout 
this section. This means that a paper is credited to each institution that has 
an author on the paper.
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FIGURE 3.119: BIOLOGICAL SCIENCES: MNCS VS RFS FOR SUB-FIELDS (2000-2008 AND 2009-2016)
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Biotechnology and applied microbiology

South African scientists published a total of 2 544 articles 
in the field of biotechnology and applied microbiology 
between 2000 and 2016. The tree map below presents a 
breakdown of the 14 institutions that together produced 
the bulk of these papers.

FIGURE 3.121: BIOTECHNOLOGY AND APPLIED MICROBIOLOGY 
PUBLICATIONS BY INSTITUTION (2000-2016)

 

TABLE 3.59: BIOTECHNOLOGY AND APPLIED MICROBIOLOGY 
KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 77 123 200 219

Publications in SAK 103 195 178

World share (WoS) 0.6% 0.7% 0.8% 0.8%

World rank (WoS) 31 29 30 33

% in Q1 and Q2 quartiles (WoS) 69% 63% 47% 66%

Citation impact: MNCS (WoS) 0.84 1.16 1.08 0.90

% female authors (SAK) 33% 35% 27%

% black authors (SAK) 16% 25% 42%

% authors younger than 40 (SAK) 42% 35% 29%

Entomology

South African scientists published a total of 1 861 
articles in the field of entomology between 2000 and 
2016. The tree map below presents a breakdown of 
the 11 institutions that together produced the bulk of 
these papers.

FIGURE 3.122: ENTOMOLOGY PUBLICATIONS BY INSTITUTION 
(2000-2016)

 

TABLE 3.60: ENTOMOLOGY KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 78 80 149 128

Publications in SAK 65 143 111

World share (WoS) 1.9% 1.7% 2.5% 2.1%

World rank (WoS) 11 16 11 21

% in Q1 and Q2 quartiles (WoS) 59% 59% 57% 59%

Citation impact: MNCS (WoS) 1.41 0.81 1.19 1.16

% female authors (SAK) 31% 29% 22%

% black authors (SAK) 3% 5% 10%

% authors younger than 40 (SAK) 21% 24% 22%

Marine and freshwater biology

South African scientists published a total of 2 551 articles 
in the field of marine and freshwater biology between 
2000 and 2016. The tree map below presents a breakdown 
of the 14 institutions that together produced the bulk of 
these papers.

FIGURE 3.123: MARINE AND FRESHWATER BIOLOGY 
PUBLICATIONS BY INSTITUTION (2000-2016)

 

TABLE 3.61: MARINE AND FRESHWATER BIOLOGY KEY 
INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 93 120 175 249

Publications in SAK 94 159 257

World share (WoS) 1.3% 1.4% 1.6% 2.1%

World rank (WoS) 20 21 23 19

% in Q1 and Q2 quartiles (WoS) 47% 43% 78% 55%

Citation impact: MNCS (WoS) 0.91 1.02 1.38 1.19

% female authors (SAK) 20% 29% 34%

% black authors (SAK) 8% 9% 11%

% authors younger than 40 (SAK) 37% 33% 33%

Microbiology

South African scientists published a total of 2 727 articles 
in the microbiology between 2000 and 2016. The tree map 
in Figure 3.124 presents a breakdown of the 11 institutions 
that together produced the bulk of these papers.
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FIGURE 3.124: MICROBIOLOGY PUBLICATIONS BY INSTITUTION 
(2000-2016)

TABLE 3.62: MICROBIOLOGY KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 84 115 198 303

Publications in SAK 119 185 248

World share (WoS) 0.7% 0.8% 1.1% 1.5%

World rank (WoS) 28 32 26 24

% in Q1 and Q2 quartiles (WoS) 75% 75% 77% 83%

Citation impact: MNCS (WoS) 1.05 1.13 1.18 1.52

% female authors (SAK) 38% 43% 38%

% black authors (SAK) 20% 16% 25%

% authors younger than 40 (SAK) 37% 29% 27%

Zoology

South African scientists published a total of 4 000 articles 
in the field of zoology between 2000 and 2016. The tree 
map below presents a breakdown of the 16 institutions 
that together produced the bulk of these papers.

FIGURE 3.125: ZOOLOGY PUBLICATIONS BY INSTITUTION 
(2000-2016)

 

TABLE 3.63: ZOOLOGY KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 141 175 256 313

Publications in SAK 155 258 293

World share (WoS) 1.7% 1.9% 2.1% 2.4%

World rank (WoS) 14 14 14 15

% in Q1 and Q2 quartiles (WoS) 51% 44% 55% 54%

Citation impact: MNCS (WoS) 0.71 0.69 0.90 0.99

% female authors (SAK) 22% 32% 30%

% black authors (SAK) 9% 9% 6%

% authors younger than 40 (SAK) 27% 38% 26%

Chemical sciences

The two graphs below compare the positions of sub-fields 
in the chemical sciences between an earlier period (2000 
to 2008) and the most recent period (2009 to 2016). 
Chemical sciences as a whole has increased its citation 
impact over this time period, but remains a relatively 
low-active field within the South African research 
landscape. The fact that most of the sub-fields are 
concentrated in the bottom-left quadrant reaffirms the 
profile of the field as being of adequate citation visibility 
(just below 1.00 on MNCS for most sub-fields), but low 
on RFS (between 0.5 and 0.7). 

FIGURE 3.126: CHEMICAL SCIENCES: MNCS VS RFS FOR 
SUB-FIELDS (2000-2008 AND 2009-2016)
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The tree map below presents a breakdown of the individual 
institutional contributions to the field for the period 2000 
to 2016 (total articles = 10 302). The 14 institutions listed 
below produced the vast majority of total output.

FIGURE 3.127: CHEMICAL SCIENCES PUBLICATIONS BY 
INSTITUTION (2000-2016)

 

TABLE 3.64: CHEMICAL SCIENCES KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 282 376 645 1 189

Publications in SAK 319 616 1 132

World share (WoS) 0.3% 0.3% 0.4% 0.6%

World rank (WoS) 41 41 41 35

% in Q1 and Q2 quartiles (WoS) 71% 75% 74% 79%

Citation impact: MNCS (WoS) 0.74 1.01 0.94 1.04

% female authors (SAK) 25% 25% 24%

% black authors (SAK) 18% 38% 53%

% authors younger than 40 (SAK) 33% 40% 35%

Earth sciences

The two graphs below compare the positions of sub-fields 
in the earth sciences between an earlier period (2000 to 
2008) and the most recent period (2009 to 2016). These 
two graphs demonstrate the fact that the earth sciences 
remain a strong and visible field in the South African 

landscape. This is especially true for sub-fields such as 
ecology, and biodiversity and conservation. Perhaps the 
most disappointing result is the continued low citation 
visibility of the sub-field of water resources.

The tree map below presents a breakdown of the individual 
institutional contributions to the field for the period 2000 
to 2016 (total articles = 14 369). The 14 institutions listed 
produced the vast majority of total output.

FIGURE 3.129: EARTH SCIENCES PUBLICATIONS BY 
INSTITUTION (2000-2016)

 

TABLE 3.65: EARTH SCIENCES KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 442 585 894 1 451

Publications in SAK 623 1 048 1 526

World share (WoS) 1.1% 1.2% 1.4% 1.6%

World rank (WoS) 20 24 23 21

% in Q1 and Q2 quartiles (WoS) 46% 57% 65% 67%

Citation impact: MNCS (WoS) 0.89 1.07 1.15 1.17

% female authors (SAK) 21% 26% 25%

% black authors (SAK) 7% 10% 15%

% authors younger than 40 (SAK) 30% 34% 30%
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FIGURE 3.128: EARTH SCIENCES: MNCS VS RFS FOR SUB-FIELDS (2000-2008 AND 2009-2016)
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Ecology

South African scientists published a total of 5 069 articles 
in the field of ecology between 2000 and 2016. The tree 
map below presents a breakdown of the 13 institutions 
that together produced the bulk of these papers.

FIGURE 3.130: ECOLOGY PUBLICATIONS BY INSTITUTION 
(2000-2016) 

 

TABLE 3.66: ECOLOGY KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 154 198 351 477

Publications in SAK 175 322 400

World share (WoS) 1.6% 1.6% 2.2% 2.7%

World rank (WoS) 17 20 16 15

% in Q1 and Q2 quartiles (WoS) 49% 65% 66% 75%

Citation impact: MNCS (WoS) 0.89 1.24 1.10 1.41

% female authors (SAK) 25% 29% 31%

% black authors (SAK) 5% 7% 9%

% authors younger than 40 (SAK) 29% 35% 30%

Physical geography

South African scientists published a total of 807 articles 
in the field of physical geography between 2000 and 
2016. The tree map below presents a breakdown of 
the 10 institutions that together produced the bulk of 
these papers.

FIGURE 3.131: PHYSICAL GEOGRAPHY PUBLICATIONS BY 
INSTITUTION (2000-2016)

TABLE 3.67: PHYSICAL GEOGRAPHY KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 14 26 46 108

Publications in SAK 19 49 96

World share (WoS) 0.7% 1.1% 1.2% 1.7%

World rank (WoS) 24 23 24 24

% in Q1 and Q2 quartiles (WoS) 79% 69% 83% 65%

Citation impact: MNCS (WoS) 0.86 1.11 1.09 1.14

% female authors (SAK) 27% 31% 24%

% black authors (SAK) 9% 9% 11%

% authors younger than 40 (SAK) 50% 35% 33%

Water resources

South African scientists published a total of 2 486 articles 
in the field of water resources between 2000 and 2016. 
The tree map below presents a breakdown of the 14 
institutions that together produced the bulk of these papers.

FIGURE 3.132: WATER RESOURCES PUBLICATIONS BY 
INSTITUTION (2000-2016)

 

TABLE 3.68: WATER RESOURCES KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 90 99 135 239

Publications in SAK 83 130 207

World share (WoS) 1.8% 1.6% 1.4% 1.4%

World rank (WoS) 14 17 20 22

% in Q1 and Q2 quartiles (WoS) 16% 36% 30% 42%

Citation impact: MNCS (WoS) 0.74 0.68 0.64 0.58

% female authors (SAK) 22% 20% 25%

% black authors (SAK) 12% 18% 32%

% authors younger than 40 (SAK) 28% 30% 24%

Mathematical sciences and ICCT

The two graphs overleaf compare the positions of sub-
fields in the mathematical sciences and information, 
computer, and communication technologies (ICCT) 
between an earlier period (2000 to 2008) and the most 
recent period (2009 to 2016). These graphs show that the 
field remains one of the weaker (less active) fields in South 
Africa. On the positive side, we see a general shift upwards 
as citation impact has increased over the time period.
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South African scientists published a total of 6 020 articles 
in the general field of mathematical sciences and ICCT 
between 2000 and 2016. Figure 3.134 presents a breakdown 
of the 10 institutions that together produced the bulk of 
these papers.

FIGURE 3.133: MATHEMATICAL SCIENCES AND ICCT: MNCS VS 
RFS FOR SUB-FIELDS (2000-2008 AND 2009-2016)

FIGURE 3.134: MATHEMATICAL SCIENCES AND ICCT 
PUBLICATIONS BY INSTITUTION (2000-2016)

 

TABLE 3.69: MATHEMATICAL SCIENCES AND ICCT KEY 
INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 161 217 362 627

Publications in SAK 261 428 605

World share (WoS) 0.4% 0.4% 0.5% 0.6%

World rank (WoS) 38 40 41 42

% in Q1 and Q2 quartiles (WoS) 27% 34% 51% 48%

Citation impact: MNCS (WoS) 1.05 1.02 0.97 1.45

% female authors (SAK) 18% 15% 15%

% black authors (SAK) 21% 40% 35%

% authors younger than 40 (SAK) 28% 28% 24%

Computer science

South African scientists published a total of 1 716 articles 
in the field of computer science between 2000 and 2016. 
The tree map below presents a breakdown of the 11 
institutions that together produced the bulk of these papers.

FIGURE 3.135: COMPUTER SCIENCE PUBLICATIONS BY 
INSTITUTION (2000-2016)

 

TABLE 3.70: COMPUTER SCIENCE KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 45 74 109 185

Publications in SAK 66 94 176

World share (WoS) 0.2% 0.3% 0.3% 0.3%

World rank (WoS) 41 38 42 52

% in Q1 and Q2 quartiles (WoS) 50% 34% 67% 69%

Citation impact: MNCS (WoS) 1.14 1.04 1.34 1.15

% female authors (SAK) 19% 14% 17%

% black authors (SAK) 24% 22% 33%

% authors younger than 40 (SAK) 39% 29% 24%
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Mathematics

South African scientists published a total of 4 674 articles in 
the field of mathematics between 2000 and 2016. The tree 
map below presents a breakdown of the nine institutions 
that together produced the bulk of these papers.

FIGURE 3.136: MATHEMATICS PUBLICATIONS BY INSTITUTION 
(2000-2016)

 

TABLE 3.71: MATHEMATICS KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 123 161 278 468

Publications in SAK 162 299 377

World share (WoS) 0.4% 0.5% 0.6% 0.8%

World rank (WoS) 36 41 37 33

% in Q1 and Q2 quartiles (WoS) 27% 38% 52% 47%

Citation impact: MNCS (WoS) 1.02 1.16 0.97 1.52

% female authors (SAK) 17% 16% 14%

% black authors (SAK) 19% 49% 32%

% authors younger than 40 (SAK) 23% 28% 24%

Statistics and probability

South African scientists published a total of 583 articles in 
the field of statistics and probability between 2000 and 2016. 
The tree map in Figure 3.137 presents a breakdown of the 10 
institutions that together produced the bulk of these papers.

FIGURE 3.138: PHYSICAL SCIENCES: MNCS VS RFS FOR SUB-FIELDS (2000-2008 AND 2009-2016)
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FIGURE 3.137: STATISTICS AND PROBABILITY PUBLICATIONS 
BY INSTITUTION (2000-2016)

 

TABLE 3.72: STATISTICS AND PROBABILITY KEY INDICATORS 
(2000-2016)

2000 2005 2010 2016

Publications in WoS 9 20 31 67

Publications in SAK 23 37 58

World share (WoS) 0.2% 0.3% 0.4% 0.7%

World rank (WoS) 44 37 36 35

% in Q1 and Q2 quartiles (WoS) 44% 40% 52% 54%

Citation impact: MNCS (WoS) 0.78 2.45 2.18 0.60

% female authors (SAK) 27% 27% 22%

% black authors (SAK) 5% 6% 13%

% authors younger than 40 (SAK) 15% 21% 21%

Physical sciences

The two graphs below compare the positions of sub-fields 
in the physical sciences between an earlier period (2000 
to 2008) and the most recent period (2009 to 2016). 
Two trends are salient. The first is the general increase in 
citation impact across most disciplines, and especially for 
astronomy and astrophysics, particle physics, and nuclear 
physics. The second trend is the movement of astronomy 
and astrophysics, and particle physics, to the top right-hand 
quadrant, signifying not only increased visibility but also 
increased activity and strength in the discipline.
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South African scientists published a total of 13 269 articles 
in the physical sciences between 2000 and 2016. The tree 
map below presents a breakdown of the 15 institutions 
that together produced the bulk of these papers.

FIGURE 3.139: PHYSICAL SCIENCES PUBLICATIONS BY 
INSTITUTION (2000-2016)

 

TABLE 3.73: PHYSICAL SCIENCES KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 330 469 731 1 597

Publications in SAK 386 672 1 365

World share (WoS) 0.3% 0.3% 0.4% 0.8%

World rank (WoS) 41 41 41 35

% in Q1 and Q2 quartiles (WoS) 75% 70% 72% 79%

Citation impact: MNCS (WoS) 0.81 0.94 1.17 1.75

% female authors (SAK) 31% 35% 52%

% black authors (SAK) 16% 37% 54%

% authors younger than 40 (SAK) 27% 37% 33%

Astronomy and astrophysics

South African scientists published a total of 4 045 articles 
in the field of astronomy and astrophysics between 2000 
and 2016. The tree map below presents a breakdown of 
the 12 institutions that together produced the bulk of 
these papers.

FIGURE 3.140: ASTRONOMY AND ASTROPHYSICS 
PUBLICATIONS BY INSTITUTION (2000-2016)

 

TABLE 3.74: ASTRONOMY AND ASTROPHYSICS KEY 
INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 101 108 205 541

Publications in SAK 73 134 320

World share (WoS) 0.8% 0.7% 1.2% 2.9%

World rank (WoS) 33 34 31 23

% in Q1 and Q2 quartiles (WoS) 91% 91% 88% 92%

Citation impact: MNCS (WoS) 0.86 1.06 1.40 2.66

% female authors (SAK) 3% 10% 17%

% black authors (SAK) 4% 10% 23%

% authors younger than 40 (SAK) 36% 47% 40%

General physics

The term ‘physics’ is used here to include all the sub-fields 
(nuclear, particle, solid state, high energy, etc.) but 
excludes astronomy and astrophysics. South African 
scientists published a total of 7 088 articles in the field 
of physics between 2000 and 2016. The tree map below 
presents a breakdown of the 14 institutions that together 
produced the bulk of these papers.

FIGURE 3.141: PHYSICS PUBLICATIONS BY INSTITUTION  
(2000-2016)

 

TABLE 3.75: PHYSICS KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 196 246 366 898

Publications in SAK 173 292 682

World share (WoS) 0.2% 0.3% 0.3% 0.7%

World rank (WoS) 43 43 43 38

% in Q1 and Q2 quartiles (WoS) 64% 70% 77% 76%

Citation impact: MNCS (WoS) 0.82 0.85 1.17 1.37

% female authors (SAK) 7% 10% 17%

% black authors (SAK) 21% 45% 59%

% authors younger than 40 (SAK) 21% 31% 32%

5.Summary assessment of the state 
of the natural sciences
The table opposite presents a summary of the results of 
our analyses on the different indicators pertaining to the 
state and performance of the natural sciences. On each 
indicator, we compare the performance of the natural 
sciences with all the other science fields.
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TABLE 3.76: NATURAL SCIENCES SCORECARD

Category Indicator Trends in natural sciences All fields

Research funding No. of grant holders Increased from 497 in 2002 to 1 704 in 2015 at 
a CAGR of 9.9%

Increased from 1 023 in 2002 to 4 199 in 
2015 at a CAGR of 11.5%

No. of female 
grant holders

Increased from 72 in 2002 to 503 in 2015 at a 
CAGR of 16.1%

Increased from 203 in 2002 to 1 522 in 
2015 at a CAGR of 16.9%

No. of black 
grant holders

Increased from 69 in 2002 to 517 in 2015 at a 
CAGR of 16.8%

Increased from 135 in 2002 to 1 289 in 
2015 at a CAGR of 19.0%

Average grant value Increased from R380k in 2002 to R417k in 
2015 at a CAGR of 0.7%

Decreased from R409k in 2002 to R367k 
in 2015 at a CAGR of -0.8%

Staff capacity Permanent 
instructional staff

Increased from 2 815 in 2000 to 3 656 in 2015 
at a CAGR of 1.8%

Increased from 12 973 in 2000 to 15 641 
in 2015 at a CAGR of 1.3% 

Staff quality Proportion of 
instructional staff 
with PhD

Increased from 42% in 2000 to 51% Increased from 32% in 2000 to 42% 
in 2015

Staff diversity Proportion of female staff Increased from 33% in 2000 to 39% in 2015 Increased from 38% in 2000 to 47% in 2015

Proportion of black staff Increased from 28% in 2000 to 52% in 2015 Increased from 31% in 2000 to 50% in 2015

Proportion of RSA staff Decreased from 86% in 2000 to 82% in 2015 Decreased from 89% in 2000 to 87% in 2015

Doctoral 
enrolments

Total enrolments Increased from 1 520 in 2000 to 4 172 in 2015 
at a CAGR of 7.0%

Increased from 6 446 in 2000 to 19 557 in 
2015 at a CAGR of 7.7%

New enrolments Increased from 436 in 2000 to 1 520 in 2015 at 
a CAGR of 8.7%

Increased from 2 117 in 2000 to 7 379 in 
2015 at a CAGR of 8.7%

Female enrolments Increased from 584 in 2000 to 1 704 in 2014 
CAGR of 7.4%

Increased from 2 452 in 2000 to 8 667 in 
2015 at a CAGR of 8.8%

Black enrolments Increased from 351 in 2000 to 1 275 in 2015 at 
a CAGR 9.0%

Increased from 1 667 in 2000 to 6 531 in 
2015 at a CAGR of 9.5%

RSA enrolments Increased from 1 183 in 2000 to 2 432 in 2015 
at a CAGR of 4.9%

Increased from 5 197 in 2000 to 11 813 in 
2015 at a CAGR of 5.6% 

Doctoral graduates Graduates Increased from 192 in 2000 to 565 in 2015 at a 
CAGR of 7.5%

Increased from 972 in 2000 to 2 524 in 
2015 at a CAGR of 6.6%

Female graduates Increased from 85 in 2000 to 237 in 2015 at a 
CAGR of 7.1%

Increased from 400 in 2000 to 1 115 in 
2015 at a CAGR of 7.1%

Black graduates Increased from 27 in 2000 to 148 in 2015 at a 
CAGR of 12.0% 

Increased from 194 in 2000 to 719 in 2015 
at a CAGR of 9.1% 

RSA graduates Increased from 149 in 2000 to 317 in 2015 at a 
CAGR of 5.2%

Increased from 789 in 2000 to 1 525 in 
2015 at a CAGR of 4.5%

Research output 
(WoS)

No. of publications 
(WoS)

Increased from 1 797 in 2000 to 6 528 in 2016 
at a CAGR of 8.4%.

Increased from 3 668 in 2000 to 15 550 in 
2016 at a CAGR of 9.4%

World rank Improved from 36 to 31 Improved from 35 to 28 

World share of 
publications

Increased from 0.5% in 2000 to 0.9% in 2016 Increased from 0.44% in 2000 to 0.92% 
in 2016

Relative field Strength RFS score Remained unchanged at 1.0 over the period 1.0

Research quality Articles in top (Q1 and 
Q2) quartiles

Proportion in top quartiles increased from 
57% in 2000 to 73% in 2016

N/A

Research 
collaboration

Proportion of 
internationally co-
authored publications

Increased from 39% in 2000 to 66% in 2016 Increased from 34% in 2000 to 55% 
in 2016

Citation impact MNCS Citation impact increased from 0.8 in 2000 to 
1.3 in 2016

Improved from 0.8 in 2000 to 1.1 in 2016

Research 
transformation 
(SAK)

Gender: share of female 
authors

Contribution of women increased slightly
from 22% to 24% of all articles

Contribution of women in all fields
increased from 31% in 2005 to 34% in 2016

Race: share of black 
authors

Share of black-authored papers increased from
14% in 2005 to 36% in 2016

Share of black-authored papers in all fields
increased from 16% in 2005 to 31% in 2016

Age group: share of 
authors under age of 40

Contribution of authors under age of 40 
remained unchanged at 31%

Contribution of authors under the age of 40 
decreased from 27% in 2005 to 25% in 2016
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Social sciences

1. NRF funding of the social sciences
Utilising the data on grant funding provided by the NRF37, 
we present an overview of grants received by beneficiaries 
in the social sciences as well as a profile of grant holders 
for the period 2002 to 2015. 

• The number of grant holders in the social sciences increased 
from 122 in 2002 to 958 in 2015 at a rate of increase of 17.2% 
which is higher than the average across all fields at 11.5%.

• Female and black grant holders have become better 
represented between 2002 and 2015, with high rates of 
increase, especially for black grant holders, recorded in 
the number of female and black grant holders between 
2002 and 2015.

• We see a substantial increase in the total value of 
individual grants in the social sciences from R18.6 million 
in 2002 to R255.3 million in 2015.38 

• The average value of individual grants similarly increased from 
R152 351 in 2002 to R266 498 in 2015 at a CAGR of 4.4% 
which is much higher than the decline recorded for all fields.

• The average value of individual grants by race has become 
more equal since 2002, with near equal average values 
recorded for black and white beneficiaries. The disparities 
in the average grant values by gender increased where the 
average value of grants to male beneficiaries in 2015 is higher 
than the corresponding value for female beneficiaries.

TABLE 3.78: SOCIAL SCIENCES: NO. OF UNIQUE GRANT 
HOLDERS BY GENDER AND RACE (2002 AND 2015)

2002 2015

Women 43 438

Black 7 115

White 36 323

Men 79 519

Black 13 161

White 66 355

Total 122 957

37 See the Technical Appendix for how we re-classified and subsequently 
analysed the NRF funding for this study.

38 In the Technical Appendix we indicate that all grant values have been 
adjusted over time for inflation.

FIGURE 3.142: SOCIAL SCIENCES: PERCENTAGE OF UNIQUE 
GRANT HOLDERS BY GENDER AND RACE (2002 AND 2015)

2. Academic staff capacity and 
diversity in the social sciences
Our focus in this section is on the academic (instructional and 
research) capacity at South African universities. Our specific 
interest here is to gain a better understanding (1) of the 
academic capacity at South African universities and whether 
this capacity has grown significantly over the past 16 years; 
(2) whether the capacity to supervise the next generation 
of academic and knowledge workers is expanding (the 
proportion of staff with doctoral degrees); and (3) whether 
the demographic profile of South African academics has 
changed over the 16 years and, if so, to what extent. 

TABLE 3.79: SOCIAL SCIENCES: KEY INDICATORS OF 
ACADEMIC CAPACITY AND DIVERSITY (2000-2015)

2000 2005 2010 2015 CAGR

Permanent instructional staff 5 213 5 948 6 037 6 288 1.3%

No. of instructional staff 
with PhD

1 463 1 642 1 969 2 439 3.5%

Proportion of instructional 
staff with PhD

28% 28% 33% 39%

No. of female staff 2 282 2 745 2 955 3 258 2.4%

Proportion of female staff 44% 46% 49% 52%

No. of black staff 1 579 2 042 2 476 2 947 4.2%

Proportion of black staff 33% 37% 44% 52%

No. of South African staff 4 771 5 579 5 628 5 675 1.2%

Proportion of 
South African staff

92% 94% 93% 90%

TABLE 3.77: SOCIAL SCIENCES: SUMMARY TABLE ON GRANT HOLDERS AND GRANT VALUES (2002 AND 2015)

2002 2015 CAGR CAGR All Fields

No. of grant holders 122 958 17.2% 11.5%

No. of female grant holders 43 438 19.5% 16.9%

No. of black grant holders 20 276 22.4% 19.0%

Total value of individual grants R18 586 849 R255 305 389 22.3% 10.5%

Average value of individual grants R152 351 R266 498 4.4% -1.2%

Average value of individual grants to female grant holders R150 465 R211 866 2.7% 0.5%

Average value of individual grants to male grant holders R153 378 R313 114 5.6% -0.5%

Average value of individual grants to black grant holders R127 645 R269 980 5.9% 3.4%

Average value of individual grants to white grant holders R157 198 R265 621 4.1% 0.0%
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FIGURE 3.143: SOCIAL SCIENCES: PROPORTIONS OF BLACK 
AND WHITE STAFF (2000-2015)

 

Salient points: 

• The academic capacity in the social sciences increased 
for the period at an average annual rate of 1.3%, which is 
identical to the national average for the same period.

• The number of staff with doctoral degrees increased at a 
rate of 3.5% (compared to the national average of 3.3%) 
over this period, with the result that 39% of all staff in 
2015 were in possession of a PhD (this is lower than the 
national average of 42%).

• The profile of academic staff in the social sciences has 
changed significantly over the past 16 years: women are 
now slightly better represented in 2015 than in 2000 
(constituting 52% of all staff in 2015 compared to 44% 
in 2000); black staff are better represented (constituting 
52% in 2015 of all South African staff compared to 33% 
in 2000).

• Over this period the proportion of South African academics 
decreased slightly from 92% in 2000 to 90% in 2015.

3. The academic pipeline in the 
social sciences
In this section we focus specifically on three aspects of the 
academic pipeline: growth trends in doctoral enrolments, 
growth trends in doctoral graduations, and trends in the 
demographics of enrolments and graduates.

3.1 Doctoral enrolments: Growth rates 
and efficiency
Both total and new doctoral enrolments in the social 
sciences increased at relatively high rates of 9.2% and 
10.3%, respectively. The rate of increase in the number of 
doctoral graduates observed was an average 7.2%. 

TABLE 3.80: SOCIAL SCIENCES: NO. OF DOCTORAL 
ENROLMENTS AND GRADUATES (2000-2015)

2000 2005 2010 2015 CAGR

Total enrolments 2 014 3 649 4 175 7 589 9.2%

New enrolments 754 1 155 1 256 3 284 10.3%

Graduates 329 411 450 939 7.2%

3.2 Doctoral enrolments: Transformation 
and internationalisation39
Our analysis of transformation and the extent of 
internationalisation reveals the following trends (Table 3.81):

• Female and male doctoral students enrolled at similarly 
high rates;

• Black doctoral enrolments increased at a rate much 
higher than that of white enrolments (10.2% compared 
to 3.1%);40 and

• As far as the increase in foreign students is concerned, 
student enrolments from the rest of Africa increased 
at a much faster rate (21.0%) compared to the increase 
in the number of foreign students from the rest of 
the world (8.4%) and the number of South African 
enrolments (6.8%).

TABLE 3.81: SOCIAL SCIENCES: DOCTORAL ENROLMENTS – 
TRANSFORMATION AND INTERNATIONALISATION SUMMARY 
TABLE (2000-2015)

 2000 2005 2010 2015 CAGR

Total enrolments 2 014 3 649 4 175 7 589 9.2%

Female enrolments 926 1 720 1 926 3 575 9.4%

Male enrolments 1 088 1 929 2 247 4 013 9.1%

RSA black enrolments 696 1 440 1 637 2 994 10.2%

RSA white enrolments 1 053 1 498 1 384 1 660 3.1%

Rest of Africa 149 508 947 2 600 21.0%

Rest of world 69 167 168 230 8.4%

South Africa 1 749 2 941 3 032 4 704 6.8%

The result of the fairly significant demographic shifts 
(especially with regard to gender and race) is clearly 
illustrated when we compare the proportions in each 
subgroup between 2000 and 2015. In 2000, female 
doctoral students constituted 46% of all enrolments. 
By 2015, this had increased to 47%. In 2000, black doctoral 
students constituted 40% of all South African enrolments. 
By 2015, this had increased to constitute the majority of all 
South African enrolments (64%).

FIGURE 3.144: SOCIAL SCIENCES: TOTAL DOCTORAL 
ENROLMENTS BY GENDER (2000 AND 2015)

 

39 The figures for each subgroup do not sum to the overall number of 
enrolments because a number of records for gender, race and region are 
indicated as ‘unknown’.for gender, race and region are indicated as ‘unknown’.

40  Note: the disaggregation of race only applies to South African nationals.
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FIGURE 3.145: SOCIAL SCIENCES: TOTAL DOCTORAL 
ENROLMENTS BY RACE (2000 AND 2015)

 

The picture with regard to the share of foreign students, 
and especially students from the rest of Africa, reveals the 
extent to which foreign students have begun to contribute 
significantly to the academic pipeline in the social sciences. 
In 2000, students from the rest of Africa constituted 
a small 8% of all enrolled students. By 2015, this had 
increased to 35%. The proportion of foreign students from 
outside of Africa has remained relatively unchanged.

The high growth rates observed for foreign students have 
translated into big changes in the relative contributions of 
foreign students to enrolments in the social sciences. The 
graph below shows that while foreign students comprised 
11% of all enrolments in 2000, this had increased 
significantly by 2015 to 38%.

FIGURE 3.146: SOCIAL SCIENCES: TOTAL DOCTORAL 
ENROLMENTS BY REGION (2000 AND 2015)

 

 

3.3 Doctoral graduates: Transformation 
and internationalisation
Our analysis of transformation and the extent of 
internationalisation reveals the following trends 
(Table 3.82):

• Female and male doctoral graduates increased at a 
similar rate (7.4% and 7.1%, respectively);

• Black doctoral graduates increased at a much faster rate 
than white graduates (8.5% compared to 1.7%); and

• As far as the increase in foreign graduates is concerned, 
the number of students from the rest of Africa increased 
at a much higher rate (22%) compared to graduates from 
the rest of the world (6.1%) or South Africa (4.6%).

TABLE 3.82: SOCIAL SCIENCES: DOCTORAL GRADUATES – 
TRANSFORMATION AND INTERNATIONALISATION SUMMARY 
TABLE (2000-2015)

2000 2005 2010 2015 CAGR

Total graduates 329 411 450 939 7.2%

Female graduates 151 219 220 442 7.4%

Male graduates 178 192 230 497 7.1%

RSA black graduates 94 118 152 321 8.5%

RSA white graduates 203 224 172 262 1.7%

Rest of Africa 16 44 108 315 22.0%

Rest of world 12 20 13 29 6.1%

South Africa 297 342 327 586 4.6%

The result of the fairly significant demographic shifts with 
regard to race is clearly illustrated when we compare the 
proportions in each subgroup between 2000 and 2015. 
In 2000, black doctoral students constituted 32% of all 
South African graduates. By 2015, this had increased to 
55%. The proportional distribution of female and male 
graduates did not change significantly.

FIGURE 3.147: SOCIAL SCIENCES: DOCTORAL GRADUATES BY 
GENDER (2000 AND 2015)

 

FIGURE 3.148: SOCIAL SCIENCES: DOCTORAL GRADUATES BY 
RACE (2000 AND 2015)

 

The higher growth rates among foreign students are 
reflected in the figure below. In 2000, foreign students 
constituted only 9% of all graduates; by 2015, this had 
increased to 37%. 
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FIGURE 3.149: SOCIAL SCIENCES: DOCTORAL GRADUATES BY 
REGION (2000 AND 2015)

 
 

4. Research performance
Between 2000 and 2016, South African scientists authored 
or co-authored 28 027 articles in the field of the social 
sciences.41 The breakdown by year (Figure 3.150) shows 
a steady increase in output over this period, from 557 in 
2000 to 3 850 in 2015 at a CAGR of 12.8%. This growth in 
the number of publications has translated into an increase 
in world share: from 0.6% in 2000 to 1.5% in 2016. It has 
also meant that South Africa’s rank in the world improved 
from 24th in 2000 to 19th in 2016.

FIGURE 3.151: SOCIAL SCIENCES PUBLICATIONS BY 
INSTITUTION (2000-2016)

41 The tree map is based on the subject categories in WoS. Because fields 
are ‘constructed’ by assigning journals to each subject category, and because 
the same journal can typically be assigned to more than one subject category, 
the total of papers in this map will exceed the total of unique papers. The tree 
map is organised in descending order from the highest to lowest numbers 
of papers per sub-field; in other words, the size of the blocks correspond to 
the share of each sub-field to total output. We have in each case selected the 
fields that produced at least 85% of all publication outputs.
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FIGURE 3.150: SOCIAL SCIENCES: SOUTH AFRICA’S PUBLICATION OUTPUT (WOS) (2000-2016)
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4.1 The sub-fields of the social sciences
A very diverse group of disciplines are grouped together 
under the heading of the ‘social sciences’. One could 
distinguish between the more ‘basic’ or ‘mother’ 
disciplines such as political studies, psychology, sociology, 
geography and economics, and the more ‘professional’ 
disciplines (education, public administration, and social 
work). Some disciplines are more recent additions to 
the encyclopaedia of the social sciences and reflect the 
increasing specialisation that produces inter-disciplinary 
fields. These would include area studies, environmental 
studies, and urban studies. 

4.2 Research quality
Assessing the quality of research is regarded as one of 
the biggest challenges in scientometrics. We decided 
to employ one indicator that we believe is a proxy for 
research quality; namely, the proportion of papers in the 
top quartiles of WoS journals (quartiles as categorised by 
the journal impact factor). In Figure 3.152, we present the 
distribution of papers produced in the social sciences by 
quartile. The results show that the proportions of papers 
that were published in higher impact journals – that is, in 
Q1 and Q2 ranked journals – remained in a narrow band 
between 50% and 56% over this period.

FIGURE 3.152: SOCIAL SCIENCES: SOUTH AFRICAN 
DISTRIBUTION OF OUTPUT JIF QUARTILES (2000-2016)

 

4.3 Positional analysis
Positional analysis combines three indicators: the citation 
impact (MNCS) of each sub-field, the RFS, and the overall 
volume of publications. This results in a two-dimensional 
positioning of each sub-field, creating four quadrants. 
Ideally, one would like to see a large number of disciplines 
located in the top right-hand quadrant (high visibility and 
high activity). 

The same cautionary note that we made with regard to 
the humanities applies to the social sciences as well. It is 
generally recognised that citation scores for the social 
sciences are less reliable and valid measures of citation 

impact. This is due to at least two reasons: the first refers 
to the lower citation frequency/density of papers in the 
social sciences; the second, to the large proportions of 
citations to books and book chapters which are still not 
adequately covered in the WoS. These ‘constraints’ are 
clearly illustrated in the graphs below where we see the 
very low MNCS values for all disciplines. 

The only differences that emerge from this positional 
analysis are the differences in relative strength or activity, 
where disciplines such as economics, planning and 
development, and anthropology are located on the far right 
side of the horizontal axis. The other differences refer to 
the size of the circles as indicative of the volume of papers 
in the field. The large fields are education and psychology, 
followed by economics and biomedical social sciences.

FIGURE 3.153: SOCIAL SCIENCES: MNCS VS RFS FOR SUB-
FIELDS (2000-2008 AND 2009-2016)

 Management
 Anthropology
 Biomedical social sciences
 Social sciences, biomedical
 Social sciences, interdisciplinary
 Planning & development
 Business
 Social issues
 Communication
 Business, finance
 Hospitality, leisure, sport & 
tourism

 Criminology & penology
 Industrial relations & labour
 Psychology. Experimental
 Film, radio & television
 Film, radio, television
 Psychology, educational
 Mathematical methods in social 
sciences

 Gerontology
 Architecture

6

5

4

3

2

1

0

Relative field strength
0 1 2 3 4

MNCS vs RFS for sub-fields of social sciences 2000 to 2008  

M
ea

n 
no

rm
al

is
ed

 c
ita

tio
n 

sc
or

e

6

5

4

3

2

1

0

Relative field strength
0 1 2 3 4

MNCS vs RFS for sub-fields of social sciences 2009 to 2016 

M
ea

n 
no

rm
al

is
ed

 c
ita

tio
n 

sc
or

e

 Q1  Q2  Q3  Q4

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16



135

PART THREE

4.4 Research collaboration
Research collaboration is typically measured (in 
bibliometrics) through an analysis of authorship trends. 
Four categories of collaboration are distinguished in 
this manner:

1. No collaboration (either single-authored articles or 
single-institution authorship);

2. National collaboration (multiple authors from more 
than one institution in South Africa);

3. (International) collaboration with scientists from 
African countries only; and

4. International collaboration with scientists from 
countries outside of Africa.

The results of our analysis for the social sciences reveal 
two main (linked) trends over time: an increase in 
collaboration with scientists outside of Africa, and a 
concomitant decline in collaboration nationally. As far as 
collaboration with African authors (only) is concerned, the 
analysis shows a steady increase from 1% in 2000 to about 
10% in 2016. Single-authored papers have declined steadily 
over time and now constitute a negligible proportion of all 
social sciences papers. The proportion of internationally 
co-authored papers (Africa and rest of world combined) 
increased from 30% to 45%.

FIGURE 3.154: SOCIAL SCIENCES: SOUTH AFRICA 
PUBLICATION COLLABORATION PROFILES (2000-2016)

 

4.5 Researcher demographics
Between 2005 and 2016, men dominated publication 
output in the social sciences producing 62% of all papers. 
The breakdown by year in Figure 3.155 shows that the 
relative shares of male and female authors have not 
changed substantially over the past 12 years.

FIGURE 3.155: SOCIAL SCIENCES: RESEARCHER GENDER  
(2005-2016)

 

Between 2005 and 2016, white authors dominated 
publication output in the field producing 72% of all papers. 
However, the breakdown by year in Figure 3.156 below 
shows that the relative share of black scientists and 
academics has increased significantly, from a low 17% in 
2005 to 30% in 2016. 

FIGURE 3.156: SOCIAL SCIENCES: RESEARCHER RACE  
(2005-2016)

 

In the next figures we present the results of our analysis of 
trends in age intervals in the social sciences. The first graph 
shows the breakdown by age intervals for the entire period 
2005 to 2016. The next graph presents a breakdown of the 
figures by year. The results can be regarded as positive as it 
is clear that increasing numbers of younger scholars (below 
the age of 40) are contributing to the research output 
in the field. The proportion of young authors increased 
from 3% in 2005 to 17% in 2016. Conversely, smaller 
proportions of output – especially over the past five to six 
– are produced by authors over the age of 60.

FIGURE 3.157: SOCIAL SCIENCES: RESEARCHER AGE (2005-2016)
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FIGURE 3.158: SOCIAL SCIENCES: RESEARCHER AGE BY YEAR 
(2005-2016)

4.6 Sub-field analyses
Deeper analyses were conducted for the five larger sub-fields 
included under the heading of the social sciences: economics 
and management sciences, education, psychology, social 
sciences general, and sociology (and related disciplines).

Economics and management sciences

The WoS groups a number of disciplines under the heading 
of ‘economics and management sciences’. This is illustrated 
in the positional map below which includes (in descending 
order by size): business and economics, management, 
economics, public administration, business/finance, and 
transportation. The positional map also shows (for the 
most recent period) that all of these disciplines recorded 
below average citation visibility (with public administration 
coming closest to the world average of 1.0). In addition 
to public administration (which is also a relatively strong 
field), business and economics, economics, management, 
and business recorded higher than average RFS scores. 

FIGURE 3.160: ECONOMICS AND MANAGEMENT SCIENCES 
PUBLICATIONS BY INSTITUTION (WOS) (2000-2016)

 

FIGURE 3.161: ECONOMICS AND MANAGEMENT SCIENCES 
PUBLICATIONS BY INSTITUTION (SAK) (2005-2016)

 

TABLE 3.83: ECONOMICS AND MANAGEMENT SCIENCES KEY 
INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 88 80 313 599

Publications in SAK 281 547 1 290

World share (WoS) 0.5% 0.4% 0.9% 1.11%

World rank (WoS) 26 31 28 29

% in Q1 and Q2 quartiles (WoS) 34% 18% 42% 40%

Citation impact: MNCS (WoS) 0.60 0.48 0.66 0.89

% female authors (SAK) 27% 29% 30%

% black authors (SAK) 14% 21% 36%

% authors younger than 40 (SAK) 32% 30% 23%

Education

The WoS only includes three ‘disciplines’ under this heading. 
As the positional analysis shows, all three disciplines recorded 
lower than average citation visibility. However, the main 
discipline (education and educational research) has an RFS 
score of more than 2.0 indicating higher than average activity.

FIGURE 3.159: ECONOMICS AND MANAGEMENT SCIENCES: 
MNCS VS RFS FOR SUB-FIELDS (2000-2008 AND 2009-2016)
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FIGURE 3.162: EDUCATION: MNCS VS RFS FOR SUB-FIELDS 
(2000-2008 AND 2009-2016)

TABLE 3.84: EDUCATION KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 33 81 209 495

Publications in SAK 259 442 828

World share (WoS) 0.5% 1.2% 1.7% 2.0%

World rank (WoS) 14 10 11 12

% in Q1 and Q2 quartiles (WoS) 36% 41% 49% 50%

Citation impact: MNCS (WoS) 0.68 0.53 0.66 0.76

% female authors (SAK) 52% 52% 57%

% black authors (SAK) 20% 35% 40%

% authors younger than 40 (SAK) 20% 16% 12%

Psychology

The discipline of psychology includes both the more basic 
or pure sub-disciplines of experimental and research 
psychology, as well as the more applied and professional 
sub-disciplines such as clinical psychology. 

FIGURE 3.165: PSYCHOLOGY: MNCS VS RFS FOR SUB-FIELDS 
(2000-2008 AND 2009-2016)
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FIGURE 3.164: EDUCATION PUBLICATIONS BY INSTITUTION 
(SAK) (2005-2016)
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FIGURE 3.166: PSYCHOLOGY PUBLICATIONS BY INSTITUTION 
(WOS) (2000-2016)

 

FIGURE 3.167: PSYCHOLOGY PUBLICATIONS BY INSTITUTION 
(SAK) (2005-2016)

 

TABLE 3.85: PSYCHOLOGY KEY INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 103 122 265 467

Publications in SAK 137 291 547

World share (WoS) 0.47% 0.50% 0.78% 1.03%

World rank (WoS) 21 23 22 22

% in Q1 and Q2 quartiles (WoS) 34% 45% 47% 47%

Citation impact: MNCS (WoS) 0.66 0.79 0.94 0.82

% female authors (SAK) 38% 42% 50%

% black authors (SAK) 13% 31% 30%

% authors younger than 40 (SAK) 31% 21% 25%

Social sciences other

The WoS groups a number of remaining social science 
disciplines under the heading of ‘social sciences other’. 
This is a very diverse grouping of mostly applied disciplines 
(planning and development, sports science, and social 
work); interdisciplinary areas (environmental sciences, 
biomedical social sciences, area studies, urban studies, 
and so on); as well as three more traditional ‘basic’ social 
science disciplines (political science, geography, and 
communication). The positional map also shows (for the 
most recent period) that all of these disciplines recorded 
average citation impact scores, with a number of small 
specialisations (area studies, planning and development, and 
geography) also recording significantly high RFS scores. 

FIGURE 3.168: OTHER SOCIAL SCIENCES: MNCS VS RFS FOR 
SUB-FIELDS (2000-2008 AND 2009-2016)
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FIGURE 3.170: OTHER SOCIAL SCIENCES PUBLICATIONS BY 
INSTITUTION (SAK) (2005-2016)

TABLE 3.86: OTHER SOCIAL SCIENCES KEY INDICATORS  
(2000-2016)

2000 2005 2010 2016

Publications in WoS 361 560 1 079 2 308

Publications in SAK 944 1 488 2 798

World share (WoS) 0.6% 0.9% 1.1% 1.6%

World rank (WoS) 26 27 24 18

% in Q1 and Q2 quartiles (WoS) 58% 66% 66% 66%

Citation impact: MNCS (WoS) 0.96 1.03 1.05 1.06

% female authors (SAK) 32% 35% 34%

% black authors (SAK) 17% 22% 30%

% authors younger than 40 (SAK) 27% 30% 26%

 
Sociology and related disciplines

In the WoS, a number of disciplines are grouped together 
under the heading of ‘sociology and related disciplines’. 
This is illustrated in the positional map below which 
includes (in descending order by size): anthropology, 
social issues, sociology, family studies, demography, 
industrial and labour relations, and criminology. 
The  positional map also shows (for the most recent 
period) that South Africa has a specific strength in 
anthropology (RFS score of 4+ and a higher than average 
citation impact). Three other disciplines (family studies, 
industrial relations, and sociology) recorded higher than 
average citation impact.

FIGURE 3.172: SOCIOLOGY AND RELATED DISCIPLINES 
PUBLICATIONS BY INSTITUTION (WOS) (2000-2016)

FIGURE 3.171: SOCIOLOGY AND RELATED DISCIPLINES:  
MNCS VS RFS FOR SUB-FIELDS (2000-2008 AND 2009-2016)
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FIGURE 3.173: SOCIOLOGY AND RELATED DISCIPLINES 
PUBLICATIONS BY INSTITUTION (SAK) (2005-2016)

TABLE 3.87: SOCIOLOGY AND RELATED DISCIPLINES KEY 
INDICATORS (2000-2016)

2000 2005 2010 2016

Publications in WoS 36 66 168 376

Publications in SAK 301 447 723

World share (WoS) 0.4% 0.6% 1.0% 1.7%

World rank (WoS) 23 21 20 13

% in Q1 and Q2 quartiles (WoS) 72% 74% 58% 55%

Citation impact: MNCS (WoS) 1.70 1.78 1.61 0.90

% female authors (SAK) 42% 48% 50%

% black authors (SAK) 20% 24% 25%

% authors younger than 40 (SAK) 24% 24% 23%

 

5. Summary assessment of the state of the social sciences
The table below presents a summary of the results of our analyses on the different indicators pertaining to the state and 
performance of the social sciences. On each indicator, we compare the performance of the social sciences with all the 
other science fields.

TABLE 3.88: SOCIAL SCIENCES SCORECARD

Category Indicator Trends in social sciences All fields

Research funding No. of grant holders Increased from 122 in 2002 to 958 in 2015 at 
a CAGR of 17.2%

Increased from 1 023 in 2002 to 4 199 in 
2015 at a CAGR of 11.5%

No. of female grant holders Increased from 43 in 2002 to 438 in 2015 at 
a CAGR of 19.5%

Increased from 203 in 2002 to 1 522 in 2015 
at a CAGR of 16.9%

No. of black grant holders Increased from 20 in 2002 to 276 in 2015 at 
a CAGR of 22.4%

Increased from 135 in 2002 to 1 289 in 2015 
at a CAGR of 19.0%

Average grant value Increased from R152k in 2002 to R266k 
in 2015

Decreased from R409k in 2002 to R367k in 
2015 at a CAGR of -0.8%

Staff capacity Permanent instructional 
staff

Increased from 5 213 in 2000 to 6 288 in 
2015 at a CAGR of 1.3%

Increased from 12 973 in 2000 to 15 641 in 
2015 at a CAGR of 1.3% 

Staff quality Proportion of instructional 
staff with PhD

Increased from 28% in 2000 to 39% in 2015 Increased from 32% in 2000 to 42% in 2015

Staff diversity Proportion of female staff Increased from 44% in 2000 to 52% in 2015 Increased from 38% in 2000 to 47% in 2015

Proportion of black staff Increased from 33% in 2000 to 52% in 2015 Increased from 31% in 2000 to 50% in 2015

Proportion of RSA staff Decreased from 92% in 2000 to 90% in 2015 Decreased from 89% in 2000 to 87% in 2015

Doctoral 
enrolments

Total enrolments Increased from 2 014 in 2000 to 7 589 in 
2015 at a CAGR of 9.2%

Increased from 6 446 in 2000 to 19 557 in 
2015 at a CAGR of 7.7%

New enrolments Increased from 754 in 2000 to 3 284 in 2015 
at a CAGR of 10.3%

Increased from 2 117 in 2000 to 7 379 in 
2015 at a CAGR of 8.7%

Female enrolments Increased from 926 in 2000 to 3 575 in 2015 
at a CAGR of 9.4%

Increased from 2 452 in 2000 to 8 667 in 
2015 at a CAGR of 8.8%

Black enrolments Increased from 696 in 2000 to 2 994 in 2015 
at a CAGR of 10.2%

Increased from 1 667 in 2000 to 6 531 in 
2015 at a CAGR of 9.5%

RSA enrolments Increased from 1 749 in 2000 to 4 704 in 
2015 at a CAGR 6.8%

Increased from 5 197 in 2000 to 11 813 in 
2015 at a CAGR of 5.6% 

Doctoral 
graduates

Graduates Increased from 329 in 2000 to 939 in 2015 at 
a CAGR of 7.2%

Increased from 972 in 2000 to 2 524 in 2015 
at a CAGR of 6.6%

Female graduates Increased from 151 in 2000 to 442 in 2015 at 
a CAGR of 7.4%

Increased from 400 in 2000 to 1 115 in 2015 
at a CAGR of 7.1%

Black graduates Increased from 94 in 2000 to 321 in 2015 at 
a CAGR in 8.5% 

Increased from 194 in 2000 to 719 in 2015 at 
a CAGR of 9.1% 

RSA graduates Increased from 297 in 2000 to 586 in 2015 at 
a CAGR of 4.6%

Increased from 789 in 2000 to 1 525 in 2015 
at a CAGR of 4.5%

UCT
1 375

WITS
1 176

UKZN
1 084

UNISA
942

NWU
886

UP
801

UJ
618

SU
583

UFS
383
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Category Indicator Trends in social sciences All fields

Research output 
(WoS)

No. of publications (WoS) Increased from 557 in 2000 to 3 850 in 2015 
at a CAGR of 12.8%

Increased from 3 668 in 2000 to 15 550 in 
2016 at a CAGR of 9.4%

World rank Improved from 24 to 19 Improved from 35 to 28 

World share of 
publications

Increased from 0.6% in 2000 to 1.5% in 2016 Increased from 0.44% in 2000 to 0.92% 
in 2016

Relative Field 
Strength

RFS score Increased from 1.2 in 2000 to 1.6 in 2016 1.0

Research quality Articles in top (Q1 and 
Q2) quartiles

Proportion in top quartiles remained in a 
narrow band between 50% and 56% over 
this period

N/A

Research 
collaboration

Proportion of 
internationally co-
authored publications

Increased from 30% in 2000 to 45% in 2016 Increased from 34% in 2000 to 55% in 2016

Citation impact MNCS Citation impact remained unchanged at 0.9 
over the period

Improved from 0.8 in 2000 to 1.1 in 2016

Research 
transformation 
(SAK)

Gender: share of female 
authors

Contribution of women remained steady at
between 36% and 38% over the period

Contribution of women in all fields
increased from 31% in 2005 to 34% in 2016

Race: share of black 
authors

Share of black-authored papers increased
from 17% in 2005 to 32% in 2016

Share of black-authored papers in all fields
increased from 16% in 2005 to 31% in 2016

Age group: share of 
authors under age of 40

Contribution of authors under age of 40
decreased from 27% in 2005 to 24% in 2016

Contribution of authors under the age of 40
decreased from 27% in 2005 to 25% in 2016
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Our interest in Part Four of the report is in research that 
addresses particular socio-economic goals and priorities. 
In Part Three of the report we presented profiles of 
the way in which South African research is organised 
in scientific fields and disciplines. We focussed on the 
funding of research according to main field, and whether 
the university sector is sufficiently staffed to produce the 
next generation of scholars and scientists that the country 
needs. For this reason, we also analysed in some detail the 
academic pipeline of doctoral enrolments and graduates 
in the system. And, finally, we used standard bibliometric 
methods to analyse various aspects of research 
performance within these fields.

In this Part we address the question: to what extent 
is South African research responsive to national (and 
international) societal priorities and goals? We ask 
whether the research enterprise produces knowledge that 
addresses international priorities (as encapsulated in the 
SDGs) and/or national priorities (as expressed in the NDP, 
the Ten-Year Innovation Plan and other national policy 
documents). We have selected six areas for the purpose of 
this analysis: agriculture and food security, climate and the 
environment, education, energy, health, and water. In our 
analysis of each of these areas, we ask the following five 
questions:

1. Who are the main research performers in each area 
(the institutional landscape)?

2. What are the trends in investment in research in 
each area?

3. What is the extent of the human resource base in 
each area?

4. What is the knowledge expertise base in each area?

5. What are the main research priorities in each area?

We begin our discussion with some terminological 
clarification and specifically motivate our use of the term 
‘strategic research’ to capture this perspective. 

Issues of terminology: Mode 1 and 
Mode 2 research
In their book ‘New Forms of Knowledge: The Dynamics of 
Science and Research in Contemporary Societies’ published 
in 1994, Michael Gibbons and his colleagues introduced 
a distinction between different types of knowledge 
production. The first is knowledge that is produced 
primarily within the academic sphere, which is usually 
conducted within a single discipline, and where the 
research priorities and agendas are primarily set by the 
academics. In traditional terminology, this comes closest to 
what has been referred to as ‘blue skies’ or ‘fundamental 
self-initiated’ research. They introduced the term ‘Mode 1 
knowledge production’ to capture this mode of research. 
They then contrast it with a new emerging mode of 

research which primarily has its origins in contexts of 
application and use, which tends to be interdisciplinary or 
even transdisciplinary, and where the research agenda is 
typically determined or co-determined by stakeholders 
outside of academia. They proposed the term ‘Mode 2 
knowledge production’ to capture the nature of this type 
of research.

The distinction between Mode 1 and Mode 2 forms of 
knowledge production or research has since been widely 
adopted by scholars, research managers and policy-makers. 
However, the basic thesis of the book has also been 
subjected to various criticisms (see Pestre 2000; Rip 2000; 
Weingart 1997). One criticism is that this is not a new 
distinction as it coincides to a large extent with existing, 
older distinctions between basic or fundamental and 
applied research (as defined by the OECD in the Frascati 
Manual). More interesting has been the views expressed 
by Pestre (2000) and Rip (2000) regarding one of the main 
theses of the book, namely that Mode 1 (that is academic 
research) historically preceded Mode 2 (research that 
originates in the context of application). Their thesis is that 
research in most fields originated in addressing ‘real-life’ 
challenges with the specific intention of solving ‘real-life 
problems’ such as diseases, pests, drought, hunger, and 
so on. Their argument is that in most countries Mode 2 
actually preceded Mode 1 university-based research. We 
will see below how this is more generally true about the 
history of scientific research in South Africa as well. 

If one accepts the ‘Gibbons thesis’ that there has been 
a recent shift from Mode 1 to Mode 2 research in most 
countries, one would expect that this would be reflected 
in national R&D statistics. One way to test if this is the 
case is to look at investments over time in basic research 
versus investments in applied research and experimental 
development at the country level. 

National R&D survey data show that a shift towards more 
applied research has indeed occurred in South Africa over 
the past decade. The proportion of gross expenditure on 
applied research increased from 34.2% in 2007/2008 to 
47.8% in 2016/2017. In nominal rand terms, this translates 
into an increase from R6 373 million in 2007/2008 to 
R17 061 million in 2016/2017. This increase has occurred 
at the expense of a significant decline in proportional 
expenditure on experimental development (from 45.2% in 
2007/2008 to 25.5% in 2016/2017). Interestingly enough, 
the proportional expenditure on basic research over the 
same period increased from 20.6% to 26.7%. Furthermore, 
in the business sector, where one might expect to find 
applied research concentrating on science, engineering and 
technology, one notes a massive increase in research in 
the social sciences, from 3.5% of BERD to 19.4% over the 
past decade. The graph opposite presents the breakdown 
of expenditure by type of activity for each sector for the 
most recent survey.

Introduction
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FIGURE 4.1: PROPORTIONAL R&D EXPENDITURE BY TYPE OF 
RESEARCH BY SECTOR (2016/2017)

 

Source: Data obtained from the South African National Survey of R&D 
Main Analysis report 2015/2016 (CeSTII 2017)

The two graphs below compare the proportional 
expenditure by the different sectors on basic research 
(orange), applied research (green), and experimental 
development (blue) for 2006/2007 and 2016/2017. The 
horizontal axis represents the percentage expended on 
type of R&D activity, the vertical axis lists the sectors, and 
the size of the bubble corresponds to the actual rand value 
expended on that particular type of activity.

FIGURE 4.2: PROPORTIONAL EXPENDITURE BY DIFFERENT 
SECTORS BY TYPE OF R&D (2006/2007)

 

 
Source: Data obtained from the South African National Survey of R&D 
Statistical report 2016/2017 (CeSTII 2018)

FIGURE 4.3: PROPORTIONAL EXPENDITURE BY DIFFERENT 
SECTORS BY TYPE OF R&D (2016/2017)

 

 
Source: Data obtained from the South African National Survey of R&D 
Statistical report 2016/2017 (CeSTII 2018)

These comparisons re-affirm, as expected, that the higher 
education sector remains the ‘custodian’ and major site for 
basic research (orange) in the country. In the most recent 
survey, the proportion of expenditure on basic research was 
estimated at 57% (compared to 41% in 2006/2007). None 
of the other sectors devote a significant proportion of their 
expenditure to basic research (the second highest in the most 
recent period is the science councils sector at 23.6%). Applied 
research (green) is now the predominant mode of research 
among government (69%), the business sector (57%) and 
the science councils sector (52%). The proportional decline 
in expenditure on experimental development (blue) is also 
evident in these comparative graphs, with the only significant 
site being the business sector (37%). 

The call for strategic research
A recurring theme in many of the South African science 
and technology policy documents over the past two 
decades is a call to the scientific community to mobilise 
their resources in the service of the new (post-
apartheid) social and economic goals. Under the rubrics 
of ‘strategic science’ and ‘new modes of collaborative 
and transdisciplinary knowledge’, scientists have been 
called to make a contribution to the reconstruction and 
development of the new South Africa.

This call goes back to the 1993 IDRC report on the state of 
the South African science and technology system. The main 
conclusions of the report were that the science system 
was highly fragmented and did not serve the needs of the 
majority of South Africans. In a discussion of future policies 
and initiatives, the report recommended that South Africa 
follow other countries and undertake research foresight 
exercises in order to identify strategic research priorities. 
As the report put it: “A truly national exercise to identify 
priorities for strategic research could be a powerful tool in 
forging a democratic South Africa” (IDRC 1993: 65).

The call for ‘strategic research’ reverberates through 
other policy documents in the same decade. The 1996 
report of the National Commission on Higher Education 
recommended that universities broaden their research 
activities to encompass at least the following categories 
(the above mentioned report quoted in Martin 1997: 98): 

 Traditional research, which we would understand as 
basic or fundamental research which seeks to extend 
the knowledge base within a discipline. Applications 
driven-research, which is seen as disciplinary based 
research directed towards the solution of a practical 
problem arising from social, economic or technological 
needs. Strategic research, which is seen as research 
commissioned by government or industry to mobilise 
a group; usually a transdisciplinary group, to attack 
an identified need or problem. Participation-based 
research which is understood to be research, 
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particularly research on social issues, which can only be 
effected by interaction and active participation of both 
the research group and the community which it wishes 
to serve.

These sentiments are echoed in many sections of the 1996 
White Paper on Science and Technology but nowhere as 
clearly as in the following passage (DACST 1996: 6):

 Traditional ways of producing knowledge within single 
disciplines and institutions are being supplemented by 
knowledge generated within various applied contexts. 
This is knowledge that is collaboratively created 
within multidisciplinary and transdisciplinary research 
programmes directed to specific problems identified 
within social and economic systems. 

Strategic research is, by definition, inter- and even trans-
disciplinary in nature. Strategic research is informed 
by national goals and priorities and addresses ‘real-life’ 
problems of water scarcity, poverty, inequality, poor school 
performance, diseases, mental disorders, the effects of 
climate change, and so on. These ‘problems’ typically do 
not map directly to specific disciplines or scientific fields. 
So, for example, research on water-related challenges is 
not contained in or confined by the knowledge produced 
in a single discipline. When we refer to ‘water research’ 
it is invariably a construct which combines and aggregates 
research conducted across diverse disciplines – from 
biochemistry to ecology, and from natural resource 
management to nanosciences. The same applies to all the 
research domains selected for this analysis: agriculture and 
food security, environment and climate change, energy, 
education, health and water. One consequence of the 
inter- and even trans-disciplinary nature of these research 
domains is that there is invariably some degree of overlap 
between the domains (more so than between academic 
disciplines) – for example, issues around food security 
and poverty are only artificially analysed separately, or 
in the intersections between agriculture, food science, 
economics, rural sociology, and education. 

Our selection of six strategic research areas has been 
informed both by the SDGs as well as the goals and 
priorities identified in South Africa’s NDP of 2013. 
Table 4.1 summarises the outcomes of this ‘mapping’ 
between the two frameworks.

TABLE 4.1: MAPPING THE SDGS TO NDP PRIORITIES

NDP (Goal) SDGs

(Decrease) 
poverty, 
(increase) 
employment 
and (decrease) 
inequality

SDG 1: End poverty in all its 
forms everywhere

SDG 8: Promote sustained, 
inclusive and sustainable 
economic growth, full and 
productive employment and 
decent work for all

SDG 10: Reduce inequality 
within and among countries

Food security 
(for all)

SDG 2: End hunger, achieve 
food security and improved 
nutrition and promote 
sustainable agriculture

Health (for all) SDG 3: Ensure healthy lives and 
promote well-being for all at 
all ages

Education (for all) SDG 4: Ensure inclusive and 
equitable quality education 
and promote lifelong learning 
opportunities for all

(Clean) water and 
sanitation

SDG 6: Ensure availability and 
sustainable management of 
water and sanitation for all

(Sustainable) 
energy

SDG 7: Ensure access to 
affordable, reliable, sustainable 
and modern energy for all

(Competitive) 
ICT

SDG 9: Build resilient 
infrastructure, promote 
inclusive and sustainable 
industrialisation and 
foster innovation

(Combat) climate 
change

SDG 13: Take urgent action 
to combat climate change and 
its impacts 

(Protect) natural 
resources (land)

SDG 12: Ensure sustainable 
consumption and 
production patterns

SDG 15: Protect, restore 
and promote sustainable use 
of terrestrial ecosystems, 
sustainably manage forests, 
combat desertification, halt and 
reverse land degradation, and 
halt biodiversity loss
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NDP (Goal) SDGs

(Protect) natural 
resources 
(oceans)

SDG 14: Conserve and 
sustainably use the oceans, 
seas and marine resources for 
sustainable development

Industrialisation SDG 9: Build resilient 
infrastructure, promote inclusive 
and sustainable industrialisation, 
and foster innovation

(Sustainable) 
urban and rural 
settlements

SDG 11: Make cities and human 
settlements inclusive, safe, 
resilient and sustainable

Social protection 
(for all)

SDG 5: Achieve gender equality 
and empower all women 
and girls

(Well) integrated 
society

SDG 16: Promote peaceful and 
inclusive societies for sustainable 
development, provide access to 
justice for all and build effective, 
accountable and inclusive 
institutions at all levels

(Good) 
governance

SDG 16: Promote peaceful and 
inclusive societies for sustainable 
development, provide access to 
justice for all, and build effective, 
accountable and inclusive 
institutions at all levels

(Less) crime, and 
justice (for all)

SDG 16: Promote peaceful and 
inclusive societies for sustainable 
development, provide access to 
justice for all, and build effective, 
accountable and inclusive 
institutions at all levels

International 
obligations

SDG 17: Strengthen the means 
of implementation and revitalise 
the global partnership for 
sustainable development

From the perspective of strategically-oriented research, 
the goals (and expected outcomes) listed in the 
frameworks above constitute the normative end-states 
that such research should aim to address. It is assumed 
that scientific research can contribute to the clarification 
of these goals and outcomes, and provide evidence-
based strategies towards their resolution (or at least 
the alleviation or reduction of effects). This is looking at 
science not for the sake of science, but at science that 
is part of a social contract that emphasises its value, 
relevance and utility. Unsurprisingly, these sentiments are 
repeated in the recently adopted White Paper on Science, 
Technology and Innovation (DST 2019: 21):

 Consequently, under the guidance of the DST, such 
a policy framework will be developed to describe 
the purpose, functions and governance of public 

research institutions relevant to national development 
as guided by the NDP, taking into account the roles 
of all stakeholders. This will involve clarifying the 
purpose in general of such institutions and the strategic 
mandates of the DST and other line departments in 
this respect, and taking into consideration the current 
capacities of these institutions. Interventions to 
enhance coordination across different public research 
institutions and funding agencies will also be developed. 
The work of the South African Science, Technology and 
Innovation Institutional Landscape (STIIL) panel will 
inform the implementation of the policy framework by 
way of the Decadal Plan. 

The six areas selected for analysis in this Part map to the 
SDGs and NDP themes as indicated below:

TABLE 4.2: STRATEGIC RESEARCH AREAS MAPPED TO SDGS 
AND NDP THEMES

Research area SDG NDP Theme

Agriculture and 
food security

An inclusive 
and integrated 
rural economy

Climate and the 
environment 

 

Environmental 
stability

Education

 

Improving 
the quality of 
education, training 
and innovation

Energy

 

Transition to a low 
carbon economy

Health

 

Quality health 
care for all

Water
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We have employed a number of methodologies to 
address the five main questions posed in our assessment 
of each strategic research area. The graph below 
summarises these. We subsequently elaborate on the 
main methodologies.

FIGURE 4.4: NAVIGATION FOR PART FOUR

Research questions Methodology

Who are the main 
research performers in 
the area?

Documentary review

Website analyses

What are the trends 
in investment in the 
research area?

R&D survey results

Research studies and reports

What is the extent of the 
human resource base in 
the area?

R&D surveys

HEMIS data

Research studies and reports

What is the extent of 
knowledge expertise in 
the area?

Bibliometric analyses of 
WoS and SAK

OmniViz thematic analyses

Analyses of South African 
doctoral theses

What are the main 
research priorities in 
the area?

Documentary review

Expert feedback

Documentary review
We undertook a review of more than 300 documents 
pertinent to the strategic research domains. These 
documents include national, departmental and institutional 
policies, strategies and plans as well as research reports 
and academic studies, reviews and papers (the full list of 
documents is included in the List of references and the 
Bibliography, and was also captured in a relational database 
for the study). 

Expert feedback
Based on our documentary review, we subsequently 
identified 150 experts in the fields being analysed. We sent 
each of these experts an email requesting them to respond 
to the following questions: 

Q1: What do you regard as the two or three main R&D 
priorities for the sector (what areas of R&D require 
more attention and resources)?

Q2: What do you regard as the two or three most 
important technologies for the sector (in which 
areas should the country invest to ensure that the 
sector remains up-to-date with current and future 
technological developments)?

Q3: What are the current strengths and weaknesses of 
the sector (in terms of research, human resources, 
infrastructure, legislation or any relevant factor)?

Navigation and methodology
Q4: Thinking of the sector in ten or more years’ time, 

with emerging opportunities and challenges, what 
do you regard as the two or three top priority areas 
related to science, technology and innovation which 
we should start looking at now?

Q5: Any other comment about the current state of the 
sector that you think is relevant to us?

We ultimately received completed responses from 
76 experts (50% of the original sample). The responses 
were subsequently analysed and anonymised and integrated 
into the relevant sections of the report.

Bibliometric analyses
In order to identify the knowledge expertise in each field, 
we analysed the contents of three databases (See the 
Technical Appendix for a description of each):

• The Clarivate Analytics Web of Science (WoS)

• SA Knowledgebase (SAK)

• South African Thesis database (SATD)

Because of the inter- and even trans-disciplinary nature 
of each of the strategic research fields, it was insufficient 
to conduct analyses based on the standard subject 
categories in the WoS only. Instead we developed a string 
of keywords which capture the main themes and topics in 
each field and used these on our queries of SAK and SATD. 

Thematic cluster analysis
The standard approach to the classification of scientific 
publications is based on classifying articles according to the 
journals in which they appear. Since journals are assigned 
to fairly standard scientific subject categories (both in the 
WoS and in Scopus), the result invariably is that articles 
– irrespective of their specific focus – are then classified 
within these standard scientific subject categories. 
The approach to classifying articles underpinned our 
analysis in Part Three of this report where we assessed the 
strengths and weaknesses of scientific fields and disciplines. 

For the purposes of our assessment of strategic research 
fields we required a much finer classification of research 
articles. We turned to a technique (thematic cluster 
analysis) which utilises much more information about an 
article. In addition to searching the words in the title of the 
article, the technique searches through the keywords and 
full abstracts of articles and looks for clusters of words in 
close proximity that are meaningful. All scientific papers 
(n=95 999) published by South African authors between 
2005 and 2015 in the WoS were analysed by TEConomy 
using the proprietary software programme OmniViz. 
Of these, 85 562 papers could be clustered reliably. 
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The results are presented at two levels: Meta-cluster 
Group and Meta-cluster Name. The highest level of 
analysis produced 43 meta-clusters. At first inspection, it 
is clear that the interpretation, and hence naming, of the 
clusters in some cases followed conventional scientific 
field-naming (e.g. archaeology, astronomy, biochemistry). 
However, there are also instances where the cluster 
name refers to some object or phenomenon rather than 
the name of a scientific discipline (e.g. climate, computer, 
human behaviour, and health care).

The primary tool used for this analysis is core cluster 
analysis which is driven by statistical routines and 
algorithms (K-Means; Principal Components Analysis). 
Initial clustering is developed around statistically identified 
Major and Minor Topics:

• Major Topics account for the largest components of 
variance (topicality) within the entire data set.

• Numerical limits set on the number of major topics (for 
this analysis the limit was topicality value ≥2.0 with the 
topic occurring in at least 500 records).

• Minor Topics (topicality ≥1.4 and at least 250 records).

• Other Terms not used within the clustering process, 
but are available for additional context and analysis.

The screenshot (Figure 4.5) shows how the set of articles 
has been clustered into 243 clusters and 42 meta-clusters. 
Linked to each cluster is the set of Major and Minor terms 
that form part of each cluster.

Based on the results of this analysis, we subsequently 
mapped the top 40 clusters to research areas that 
correspond with the SDG themes. In the tree map overleaf 
(Figure 4.6) all the grey-coloured cells refer to traditional 
basic (pure) scientific disciplines (e.g. mathematics, physics, 
theology, chemistry, taxonomy, astronomy, biochemistry). 
The remainder (in colours that coincide with the colours 
of the SDG themes) are highlighted.

FIGURE 4.5: SCREENSHOT OF OMNIVIZ RESULTS
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Agricultural and food security research
1. Introduction
The earliest forms of agricultural research in South Africa 
have their origins in sites outside the formal university 
sector. In fact, formal agricultural research in South Africa 
pre-dates the establishment of the Union of South Africa, 
with some research institutes, such as Onderstepoort, 
being established in the Zuid Afrikaanze Republiek in 
1897. The Department of Agriculture was formed in 
1911 from 18 divisions which existed under the former 
British colonies of Natal and the Cape, and the two 
Boer Republics. At that time, the research services were 
included almost without exception as subdivisions of the 
Department of Agriculture’s Inspection and Regulatory 
Services divisions, with the same being true of extension. 
Certain other research undertakings that today form 
part of agricultural research were located in various 
other government departments. An example is irrigation 
research, which initially resided in the then Department 
of Irrigation. Only later did it join, and has subsequently 
remained within, the Department of Agriculture. 

The earliest forms of agricultural research were applied in 
nature, addressing some of the biggest challenges of the 
day.1 The discovery of gold and diamonds between 1867 
and 1875 caused an upheaval in society. The pastoral era 
was over. Highly concentrated populations agglomerated 
in search of these precious materials. In order to cope 
with such masses, rail and road communications had to 
be developed rapidly, enclosed or isolated farms had to 
be opened up, mass food production had to be ensured, 
and unprecedented shortages (e.g. a lack of timber for 
pit props) had to be addressed. This situation completely 
changed the nature of scientific research. On the one 
hand, mining enterprises found that they needed engineers 
and geologists, and later on geophysicists, chemists and 
even doctors of occupational medicine or parasitologists. 
The colony could not supply such professionals and thus 
qualified people had to be brought over from Europe. 
On the other hand, the government, confronted by a 
series of recurring disasters (plant diseases and animal 
parasite attacks, linked to the transformation of agriculture 
for mass production or the opening up of frontiers and 
increased circulation of people), began to expect science 
to come up with solutions.

Another development was that government leaders 
ventured to test out some of the research services on 
offer. The provinces each endowed themselves with a 
government scientist. Some of the provinces engaged 
chemists (the German’s Marloth, then Juritz at the Cape 
from 1884); some, a senior veterinary surgeon or an 
entomologist (D. Hutcheon from 1889; the American 
C. P. Lounsbury around 1900 at the Cape; the Englishman 
Watkins Pitchford in Natal in 1887); and some, a 

1 This section borrows extensively from Mouton, J. and Waast, R. (2000) 
The history of science in South Africa. Unpublished report.

department of agriculture, complete with a botanist and 
agrostologist (this was quite widespread after 1900). 
However, it was largely due to the shock of epidemics 
that the authorities reached this stage, after diseases and 
pests had devastated orchards (like orange groves at the 
Cape, following the importation of unchecked plant stock, 
infested by Icerya Purchasi), vines (phylloxera in 1886), 
and livestock (Nagana disease in Zululand in 1893, and the 
Rinderpest which came in from Rhodesia in 1896). Such 
disasters led to huge losses, severe hardship and, above 
all, disruption of production. Faced with these calamities 
(which had been around a long time, but had now flared 
up in a new guise as political crises) the governors, though 
sceptical, hired scientists of world renown for long 
missions, mostly out of curiosity. 

A good example of this is veterinary research. There was 
certainly no shortage of diseases among livestock, which 
had been recorded a long time before. Some of these are 
legendary (e.g. in 1719, massive mortality in horses; in 1780, 
all herds were affected; in 1854, half the horse population 
was lost; between 1882 and 1886, anthrax decimated 
both domestic and wild animals and was transmitted to 
humans through the consumption of meat). While all of 
these livestock diseases had been described and named 
in vernacular terms, their diagnosis still had to be treated 
according to the conventions of sciences (bacteriology 
and parasitology) which were in full expansion in Europe 
at the time. The first small laboratory was inaugurated in 
Grahamstown in 1892 under the framework of a ‘Colonial 
Institute for Bacteriology’. In 1902, it was transferred to 
the Cape Veterinary Department and devoted itself to the 
study of four diseases: ‘horse disease’, rinderpest, redwater 
pest, and heartwater disease which attacks ruminants. The 
establishment of this laboratory was followed in 1898 by 
another laboratory in Natal, which was also small in the 
beginning. Watkins Pitchford, then head of the region’s 
veterinary service, had to fight for 11 years in order to 
obtain permission for this. In the meantime, several animal 
epizootics emerged and the province of Natal called on 
the leading European expert, David Bruce, as consultant. 
His reputation stemmed from his work on brucellosis. 
Within three years (1894-1897) he identified the famous 
‘Nagana’ disease as trypanosomiasis, establishing its link 
with the tsetse fly and identifying game as the reservoir 
for the disease. Then in 1897, the bacteriologist Robert 
Koch was brought to Kimberley (in the mining area 
under the jurisdiction of the Cape) for one year. He was 
known worldwide and was in fact Pasteur’s rival and 
the discoverer of the tuberculosis bacillus. He set about 
tackling the terrible rinderpest. He used observations 
gathered by farmers to develop an immunisation 
procedure, which was a partial success (inoculations were 
composed from the bile of dead animals). 

The Ministry of Agriculture was more readily convinced 
of the value of similar initiatives. Not only did it support 
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the Onderstepoort Veterinary Institute, but also under its 
own authority a vigorous agricultural research activity was 
developed. Such work quickly led to the establishment of 
specialist colleges (Elsenburg, Cedara, Potchefstroom, Glen 
and Grootfontein, founded between 1898 and 1919), and 
later involved the faculties of agriculture at the universities 
(Stellenbosch and Pretoria were among the first to be 
established in 1917). 

In subsequent years, the research at these specialist 
colleges, now linked to faculties of agriculture, continued 
to expand and flourish. With the establishment of the 
Council for Scientific and Industrial Research (CSIR) in 
1946 as the first science council in the country (imitating 
the British CSIR model), strategic research was formally 
institutionalised as part of the public sector research 
system in the country. Other science councils were soon 
established (the HSRC in 1968 and the Medical Research 
Council in 1969). In the late 1980s, the state science 
system was reorganised and new science councils were 
established (e.g. the Council for Geosciences and the South 
African Bureau of Standards). The Foundation for Research 
Development (FRD) was spun out of CSIR as a funding 
agency for the natural sciences. The Centre for Science 
Development (CSD), located within the HSRC, performed 
the same function for the social sciences and humanities. 

The ARC, established in 1992, was the last of the Councils 
to come into being, on the eve of democracy. 

2. Institutional landscape
The main performers of research in the fields of agriculture 
and food security research are predominantly located in the 
universities or in the ARC. As far as the university sector 
is concerned, research is still mainly housed in the faculties 
of agriculture (Stellenbosch, Pretoria, Fort Hare, Free 
State, Limpopo and North West) and faculties of science 
or natural science at other universities. Since 2004, this 
research capacity has been strengthened substantially and 
focussed with the establishment of a number of CoEs and 
research chairs funded by the NRF.

An initial listing of the important research performers 
is obtained by looking at those universities and research 
organisations (public and private) which publish in the field. 
In Table 4.3 below, we have organised these into three 
categories: higher education institutions (universities), 
public research institutes and departments, and private and 
industry-based research institutes and organisations.

We elaborate on each of these main categories below.

TABLE 4.3: INSTITUTES WITH MOST PUBLICATIONS IN WOS – AGRICULTURE SUBJECT CATEGORIES (2005-2015)

Local higher education  
institutions

Public research institutes 
and departments

Private and industry research 
institutes and other

University of Pretoria 1 795
(23.8%)

Agricultural Research Council 745
(9.9%)

South African Sugarcane 
Research Institute

95
(1.3%)

Stellenbosch University 892
(11.8%)

Western Cape Provincial 
Government

130
(1.7%)

Institute for Commercial 
Forestry Research

44
(0.6%)

University of KwaZulu-Natal 650
(8.6%)

Council for Scientific and 
Industrial Research

111
(1.5%)

Citrus Research International 41
(0.5%)

University of the Free State 461
(6.1%)

Ministry of Environmental Affairs 75
(1.0%)

Sappi Forests (Pty) Ltd 41
(0.5%)

University of Cape Town 333
(4.4%)

South African Institute for 
Aquatic Biodiversity

57
(0.8%)

ClinVet International (Pty) Ltd 34
(0.5%)

Rhodes University 184
(2.4%)

South African National Parks 56
(0.7%)

Bryanston Veterinary Hospital 23
(0.3%)

University of the Witwatersrand 163
(2.2%)

South African Medical Research 
Council

54
(0.7%)

Lancet Laboratories 19
(0.3%)

University of Fort Hare 161
(2.1%)

Ministry/ Department of 
Agriculture, Forestry and Fisheries

51
(0.7%)

Johannesburg Zoo 16
(0.2%)

North West University 149
(2.0%)

National Zoological Gardens of 
South Africa

44
(0.6%)

Sugar Milling Research Institute 
NPC

16
(0.2%)

University of Limpopo 131
(1.7%)

National Health Laboratory 
Service

43
(0.6%)

Oceanographic Research  
Institute

14
(0.2%)

Tshwane University of Technology 111
(1.5%)

South African National 
Biodiversity Institute

20
(0.3%)

De Beers Group Services 
(Pty) Ltd

13
(0.2%)

Source: WoS, CREST
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Public sector performers of agricultural 
research: Universities, science councils 
and government departments

FIGURE 4.7: MAPPING OF PUBLIC SECTOR RESEARCH 
PERFORMERS IN AGRICULTURE AND FOOD SECURITY

 

The Agricultural Research Council

Prior to the establishment of the ARC in 1992, there were a 
number of specialised research institutes conducting research 
under the Department of Agriculture (Liebenberg 2013). 
The establishment of the ARC brought all the specialised 
research institutes under one organisation which, until 1997, 
was funded under a baseline formula and reported directly 
to Parliament (ibid.). Following some structural changes that 
applied to all science councils, funding of the ARC became 
the primary responsibility of the Department of Agriculture, 
Forestry and Fisheries (DAFF). Additional funding for the 
ARC and other science councils could be secured from the 
DST through CoEs, and from other line departments through 
contracting of R&D services (Liebenberg and Pardey 2011). 
Currently the ARC is organised in four divisions:

• Agricultural economics and capacity developments;

• Animal sciences (animal health and animal production);

• Crop sciences (tropical and subtropical crops; deciduous fruit, 
vines and wine; field crops; vegetable and ornamental plants; 
medicinal and other plants; plant health and protection); and

• Research and innovation systems (agricultural 
engineering; biotechnology platform; biometry services; 
natural resource management).

Funders: 
Department 

of Science and 
Technology; 

NRF and WRC

Centre of Excellence 
in Food Security 
(FS) - University 
of Pretoria and 

University of the 
Western Cape

Centre of Excellence 
for Invasion Biology 
(CIB) - University of 

Stellenbosch

Centre of Excellence 
in Tree Health 
Biotechnology 

(CTHB) - University 
of Pretoria

Department 
of Agriculture, 
Forestry and 

Fisheries; 
Department of 
Environmental 

Affairs

Department 
of Energy 
(Biofuels), 

Department 
of Trade and 

Industry (Agro-
processing)

Department 
of Water and 

Sanitation, 
Department of 
Health (Animal 

health)

Provincial 
Departments 
of Agriculture

Other: SANParks; SAWS; 
Ezemvelo (KZN); Ondestepoort; 

Biovac etc.

ARC
CSIR

 
Source: List obtained from the NRF (20 February 2019)

South African Research Chairs Initiative (SARChI) Chairs
FIGURE 4.8: SARCHI CHAIRS AT SOUTH AFRICAN UNIVERSITIES CONDUCTING AGRICULTURAL AND FOOD SECURITY RESEARCH 

Nelson Mandela University • SA-UK Bilateral Chair in Food Security Earth & Marine Sciences

Rhodes University • Insects in Sustainable Agricultural Ecosystems

SAIAB • Inland Fisheries and Freshwater Ecology

Stellenbosch University

• Genetic Tailoring of Biopolymers

• Integrated Wine Sciences 

• Meat Science: Genomics to Nutrinomics

• Postharvest Technology

Tshwane University of Technology
• Agrochemurgy & Plant Symbioses

• Phytochemical Food Network to Improve Nutritional Quality For Consumers

University of Cape Town
• Land Reform & Democracy in SA: State & Civil Society Dynamics

• Marine Ecology & Fisheries

• Systems Biology Studies on Plant Desiccation Tolerance for Food Security

University of the Free State
• Disease Resistance and Quality in Field Crops

• Vector-Borne and Zoonotic Pathogens

University of Johannesburg • Indigenous Plant Use

University of KwaZulu-Natal
• Land Use Planning and Management

• Proteolysis In Homeostasis, Health and Disease

• Rural Agronomy and Development

University of Pretoria

• Advanced Sensor Networks 

• Fungal Genomics

• Nutrition and Food Security

• Poultry Health and Production in South Africa

University of the Western Cape
• NanoElectrochemistry and Sensor Technology

• Poverty, Land & Agrarian Studies

• SA-UK Bilateral Chair in Food Security
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Industry-based organisations and private research institutes
The picture above would be incomplete if one does not also refer to other important research-performing institutes and 
organisations in this area. An important category is industry-based organisations that serve the research and technology 
needs of specific sectors. Some of the most prominent of these organisation are:

Industry-based organisations
TABLE 4.4: LIST OF INDUSTRY-BASED ORGANISATIONS INVOLVED WITH AGRICULTURAL AND FOOD SECURITY RESEARCH

Sector Organisation name Research Website Logo

General Agbiz Agbiz gathers information through 
questionnaires and converts it into 
intelligence, for the purpose of 
strategic utilisation by its members 
and stakeholders.

www.agbiz.co.za

 

National Agricultural 
Marketing Council

The Markets and Economic Research 
Centre (MERC) was established 
(2007) to enable it to dispense more 
evidence-based markets and economic 
advice. MERC is an economic and 
market research programme.

www.namc.co.za

 

Agronomy Cotton SA Disseminate various research 
publications (many from the ARC).

www.cottonsa.org.za

Dry Bean Producers’ 
Organisation (DPO)

The DPO contributes financially 
to a dry bean research programme 
of the Grain Crops Institute of the 
Agricultural Research Council at 
Potchefstroom. 

www.droebone.com

Forestry South Africa 
(FSA)

Disseminate research from CSIR, FABI 
and ICFR.

www.forestry.co.za

Grain SA (GSA) Priority focus areas are: Crop 
Improvement, Crop Protection 
and Climate Change. Joint research 
programmes for each focus area have 
been established.

www.grainsa.co.za

Maize Trust The Trust exercises its mandate 
principally by providing financial 
support for organisations conducting 
research focussed on maize 
production and marketing.

www.maizetrust.co.za

Rooibos Council Supports research to promote the 
benefits of Rooibos and disseminates 
research results to stakeholders.

www.sarooibos.co.za

South African Barley 
Breeding Institute

Sabbi's Research and Development 
mission is to ensure sustainable barley 
production for the benefit of SAB, 
SABM and the producer through 
innovative R&D.

www.sabbi.org

The South African 
Strawberry Growers 
Association

Support to implement new 
technology, as well the best irrigation 
methods available today.

www.strawberries.org.za

The South African Berry 
Producers Association 
(SABPA)

Facilitates relevant research in the 
berry industry.

www.saberries.co.za
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Sector Organisation name Research Website Logo

South African Cane 
Growers’ Association 
(CANEGROWERS)

SA Canegrowers undertakes research 
and analysis to provide growers with 
critical information. Areas of focus 
include Industrial Affairs, Economic 
Research, and Land Reform and 
Development.

www.sacanegrowers.co.za

 

South African Sugar 
Association (SASA)

Research at the South African 
Sugarcane Research Institute (a 
division of SASA). SASRI is clustered 
within four multidisciplinary 
programmes, namely Variety 
Improvement, Crop Protection, Crop 
Performance & Management, and 
Systems Design & Optimisation.

www.sasa.org.za

Animal 
husbandry

Milk Producers’ 
Organisation (MPO)

Disseminate data and information 
on the market and farming as well as 
Milk Bulletin.

www.mpo.co.za

National Emergent 
Red Meat Producers’ 
Organisation (NERPO)

Dissemination of information to 
relevant stakeholders.

www.nerpo.org.za

National Wool Growers’ 
Association

Extensive library of information – 
focus is on Breeding, Climate and 
Drought, Contamination, Farm 
Economics, Flock Health, Grazing, 
Processing of Wool, Sheep Nutrition, 
Sheep Shearing, etc.

www.nwga.co.za

Red Meat Producers’ 
Organisation (RPO)

Disseminate information on 
the industry.

www.rpo.co.za

South African Mohair 
Growers’ Association

Research is conducted with full 
participation of Onderstepoort 
Veterinary Institute, Grootfontein 
Agricultural Institute, the CSIR, the 
University of Stellenbosch and the ARC.

www.angoras.co.za

South African Pork 
Producers’ Organisation 
(SAPPO)

A Research Portfolio Committee 
manages research and development.

www.sapork.co.za

South African Poultry 
Association (SAPA)

Monitor developments in the 
industry, disseminate information and 
technology transfer.

www.sapoultry.co.za

Wildlife Ranching SA Information on industry and 
disseminate some research (limited).

www.wrsa.co.za

Horticulture Canning Fruit 
Producers’ Association

Promote meaningful research and 
development in collaboration with 
ARC Infruitec/ Nietvoorbij and other 
research institutes and to promote 
plant improvement with various 
organisations e.g. SAPO, DPA and 
Plant SA.

www.canningfruit.co.za
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Sector Organisation name Research Website Logo

Citrus Growers’ 
Association of 
South Africa

Research outputs include CGA in the 
News, Annual Reports, citrus articles 
in the SA Fruit Journal, the latest 
Statistics Book and other publications.

www.cga.co.za/

Citrus Research 
International

There are several programmes on 
particular problem areas identified 
by the citrus industry. A Programme 
Coordinator oversees the research 
conducted at various institutions.

www.citrusres.com

Confronting Climate 
Change

Assist farmers by identifying 
and responding to the risks and 
opportunities associated with carbon 
emissions. Disseminates news and 
case studies.

www.climatefruitandwine.co.za

Cooperative Winecellars’ 
Association VINPRO

Keeps its members and the broader 
industry informed of industry trends 
and technical expertise and renders 
specialised services (from soil science 
to viticulture, agricultural economics 
and transformation and development).

www.vinpro.co.za 

Dried Fruit Technical 
Services

DFTS facilitates and manages a 
range of technical, agricultural and 
nutritional research projects that 
are of importance to the industry 
to make sure that the producers 
remain competitive.

www.hortgro.co.za/dfts/

Fresh Produce Exporters 
Forum

Disseminate industry information and 
research findings.

www.fpef.co.za/

 

Fruitfly Africa Seek to identify all fruit fly host 
plants in all areas; and to remove or 
manage (e.g. stripping, baiting) in all 
urban areas.

www.fruitfly.co.za/

Fruits South Africa Gather and disseminate key industry 
related information.

www.fruitsa.co.za

Guava Producers’ 
Association

Seek to develop the guava industry 
through marketing and innovation.

www.guavaproducers.co.za

Hluhluwe Queen 
Pineapple Marketing 
Association

Current research concentrates on: the 
occurrence of winter speckle; black 
spot control; nematodes control; 
evaluating new cultivars; factors 
causing mortality of pineapple plants; 
fertilizer programs; and inhibition of 
natural flowering.

www.pineapples.co.za

Hortgro Research programmes: Crop 
Production, Crop Protection, and 
Postharvest. Also investigates 
issues related to climate change and 
pack houses.

www.hortgro.co.za
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Sector Organisation name Research Website Logo

Macadamias South Africa Lead world class research in support 
of: continuous improvement in 
production yields, processing and 
quality; growing the demand ahead of 
supply ; continuously gauge market; 
and identify drivers of future change.

www.samac.org.za

Potatoes and Onions 
Committee (NPO)

Cultivar evaluations, soil quality 
improvements, crop production 
and protection, etc.

www.korkom.co.za

Potatoes South Africa The main objective of the research 
programme is the improvement 
and maintenance of sustainable 
potato production.

www.potatoes.co.za

South African Avocado 
Growers Association

Disseminate publications and host a 
research search portal.

www.avocado.co.za

South African Litchi 
Growers Association

SALGA uses the funds collected to 
finance research and the dissemination 
of research results.

www.litchisa.co.za

South African Mango 
Growers Association

Provides links to articles detailing 
research. Members have access to a 
research library and journal.

www.mango.co.za

South African Nursery 
Association

Disseminate news and information 
(exclusive for members).

www.sana.co.za

South African Subtropical 
Fruit Growers’ 
Association

Research coordination and provision 
of technical information.

www.subtrop.co.za

South African Table 
Grape Industry

SATI continually endeavours to 
ensure that knowledge, technology 
and products developed from SATI 
research is transferred back to the 
table grape producers of South Africa.

www.satgi.co.za

Tomato Producers 
Organisation

Produces Tomato News magazine 
and disseminates some reports 
on research.

www.tomatoessa.org

Winetech Identifies, prioritises, commissions, 
completes and transfers research, 
development and innovation projects/
initiatives that contributes to the 
competitiveness of the industry. Also 
hosts a research database.

www.winetech.co.za

Winter Cereal Trust Contributes towards a large number 
of current and impending projects.

www.wintercerealtrust.co.za
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Private sector research organisations
TABLE 4.5: LIST OF PRIVATE SECTOR RESEARCH ORGANISATIONS INVOLVED WITH AGRICULTURAL AND FOOD SECURITY 
RESEARCH

Sector Organisation name Research Website Logo

General Culdevco Through a license agreement with the 
ARC, Culdevco (Pty) Ltd obtained the 
exclusive rights to commercialise all 
ARC-bred varieties in South Africa 
and internationally.

www.culdevco.co.za

Dupont Developing higher crop yields and 
healthier foods while and also finding 
solutions to help meet the world’s 
energy needs.

www.dupont.co.za

Monsanto Develop improved seeds and 
agronomic practices to help farmers 
double yields; use one-third fewer 
key resources per unit of output; 
and improve the lives of farmers and 
the people who depend on them (by 
2020-2030).

www.monsantoglobal.com

Agronomy PANNAR PANNAR’s research has resulted in a 
genetics library of proprietary white 
and yellow maize germplasm adapted 
to growing conditions in South Africa, 
offering resistance and/or tolerance to 
African pests and diseases.

www.pannar.com

SENSAKO Sensako’s wheat breeding strategy 
incorporates key breeding 
technologies to maximise efficiency 
and productivity.

www.sensako.co.za

  
In our documentary review as well as from the feedback 
that we received from key informants in the field, two 
specific challenges regarding the research landscape in 
agricultural research were highlighted:

• Poor research coordination, and

• Conflicting regulations regarding research.

Comments by two of our key experts would suggest that 
research coordination speak to the first challenge:

“Lack of leadership among the participants and 
coordinators of agriculture sector along with lack of a 
unified approach to key issues impacting on all the relevant 
stakeholders.” (Agricultural expert 1: 2018)

“Poorly coordinated agriculture innovation system – In this 
system it’s not clear which institution takes leadership for 
effective coordination of all participants in the agriculture 
innovation system. This often leads to a fragmented 
approach towards priority setting, insufficient investments 
into agriculture research, poor to limited impact on 
agricultural development for resource poor smallholder 
farmers.” (Agricultural expert 1: 2018)

“Another weakness is that the research institutes need 
to partner with these top farmers. In all my discussions 
with these farmers, they all do their own research and 

would welcome working with research institutions, but 
these institutions are unaware of this. So maybe this is a 
challenge; to bring the two groups together.” (Agricultural 
expert 2: 2018)

Another expert referred to the fact that departments 
impose conflicting regulations which stifles research:

“The different departments impose conflicting regulations, 
making it virtually impossible to do research on animal 
ecology. Ironically it is also virtually impossible to work 
on animal diseases that affect our livestock because 
of the over-stringent requirements of Section 20 
approvals based on the Animal Diseases Act of 1984.” 
(Agricultural expert 3: 2018)

Specific comments on the knowledge infrastructure identified 
the current state of the ARC as a serious challenge:

“For me the biggest weakness in the sector is that the 
Agricultural Research Council is in shambles. They no longer 
have the human capacity to do serious research, there has 
been too much focus on extension and even this is not in 
good shape. One cannot do good extension without the 
cutting-edge research base and realistically this is gone and 
probably cannot be turned around for many decades. There 
is some equipment and some areas of excellence around the 
country but the ARC itself cannot deliver a fraction of what 
was achieved previously.” (Agricultural expert 4: 2018)
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3. Investment in agricultural research
In various publications over the past ten years, a number 
of researchers (Frikkie Liebenberg, Petronella Chaminuka, 
Nienke Beintema and Kathleen Flaherty) have regularly 
published analyses on the country’s agricultural R&D spending 
over the past four to five decades. Building on the pioneering 
work of Liebenberg in his PhD thesis (2013), Chaminuka et. al. 
(2019) recently published the most comprehensive review of 
trends in agricultural R&D spend in the country. In this paper, 
they show that South Africa’s total public agricultural research 
spending has almost doubled since the early 1970s, in inflation-
adjusted prices, from an estimated R1.3 billion in 1971 to 
R1.9 billion in 2014 (both in 2011 prices) (Figure 4.9 below). 

FIGURE 4.9: TRENDS IN AGRICULTURAL R&D SPEND IN SOUTH 
AFRICA (1971-2011)

Source: Chaminuka et al. (2019: 11). Calculated based on data from ASTI 
(https://www.asti.cgiar.org/data) obtained 18 July 2018

In their discussion of these trends, they emphasise that 
spend on agricultural research increased on average by a 
moderate rate of 1.1% per year, while yearly spending levels 
varied considerably. They also point to the fact that the ARC 
experienced a severe cut in the parliamentary grant of 15% 
in 1998/1999, in nominal prices. Although the magnitudes 
of the cuts declined in the following years, they continued 
until 2001/2002 (Liebenberg & Pardey 2011). Thereafter, 
spending increased substantially from 2003 to 2005, and 
again from 2010 to 2013. The latter growth period was a 
combined result of the increased income generated by the 
ARC from implementing projects for the Department of 
Rural Development and Land Reform, as well as increased 
capacity of the higher education sector. R&D expenditure 
on agriculture in South Africa over the past three-and-a-
half decades has stagnated. This is especially apparent when 
considering the real increase (adjusted for inflation) in 
funding (Chaminuka et al. 2019: 11). 

The data presented in the Chaminuka paper are based on 
estimates provided by Agricultural Science and Technology 
Indicators (ASTI). Other information on agricultural spend 
in the country can be sourced from the R&D surveys that 
are conducted every two years by the Centre for Science, 
Technology and Innovation Indicators (CeSTII). The most 
recent data provide information for the period 2006/2007 
to 2016/2017.

FIGURE 4.10: SPEND ON AGRICULTURAL SCIENCES IN SOUTH 
AFRICA BY SECTOR (2006-2017)

 

Source: Data obtained from the South African National Survey of R&D 
reports (CeSTII 2017, CeSTII 2018)

The results presented above are commensurate with the 
ASTI data. They also show that there has been an upswing 
in expenditure from around 2010 onwards – mostly due to 
increases in expenditure by the ARC and the universities. 
However, the forecast for future ARC funding is less 
positive (Figure 4.11).

FIGURE 4.11: AGRICULTURAL SPEND BY ARC AND DAFF 
(2011-2018)

Source: DST (2016a)

As mentioned above, the ARC’s funding sources changed 
substantially between 1992 and 2014. Whereas the 
parliamentary grant constituted more than 90% of the 
organisation’s source of funding in 1992, by 2014 the 
figure had declined to 68%. From 2014 to 2016, the 
ARC experienced another period of severe cuts in the 
parliamentary grant (ARC 2016). The share of income from 
research services has also been steadily declining since 
2000, whereas other income (mainly external research 
funds) showed an upward trend in terms of contribution 
to total income since 2012. Analysis of the average sources 
of income for the different ARC institutes in 2014 shows 
some significant differences (Figure 4.12). As expected, 
the support business units such as Central Office and 
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Agricultural Economics and Capacity Development 
were mainly funded through the parliamentary grant. 
The Biotechnology Platform derived most of its income 
from research and advisory services, and diagnostic 
services. Across the board, most of the organisation’s 
business units derived the majority of their funding from 
the parliamentary grant. Liebenberg et al. (2011) noted the 
potential for crop-related institutes to source a large share 
of non-core income from provision of research services. 
This trend generally continues, although the Biotechnology 
Platform seems to present new opportunities.

FIGURE 4.12: AGRICULTURAL RESEARCH SPENDING BY THE 
ARC INSTITUTES (1992-2014) (MILLION CONSTANT 2011 RAND)

Source: Derived from Chaminuka et al. (2019: 12)

A sector that has received significant additional funding is the 
university sector (Figure 4.10). NRF investment in agricultural 
research increased from R152 million in 2006/2007 to 
R440 million (2016/17). This may be attributed, in part, to the 
NRF support of a number of new SARChI Chairs in recent 
years (see section 2.1. Institutional Landscape). A substantial 
increase in funding from the NRF post-2007 is observed from 
R40 million in 2002 to R89 million in 2015. The amounts 
below have been adjusted for inflation.

FIGURE 4.13: NRF FUNDING FOR AGRICULTURAL SCIENCES 
(2002-2015)

 

Source: Calculated based on data obtained from the NRF

In addition to government-funded research there is also 
some (albeit limited) private sector funding available for 
agricultural research, as outlined by a key expert: 

“Continuous public (government sources) investment 
(albeit inadequate) in agriculture research that is also 
complemented by some private sector funding (e.g. Maize 
Trust, Winter Cereal Trust, WINETECH, Hortgro, etc). 
Private sector funding of own research (e.g. Pannar jseed, 
Dupont, Citrus Growers Association, South African Barley 
Brewing Institute, Sensako, etc). Public private partnerships 
that enable resource mobilisation for agriculture research, 
inclusive of public entities, universities, private sector and 
farmer organisations.” (Agricultural expert 1, 2018)

These trends in agricultural R&D spend are summarised by 
Chaminuka et al. (2019: 7) as follows:

Results show fluctuations in agricultural R&D spending, 
although there was a general increase in gross spending 
on R&D at national level, reflecting a continued trend of 
increased funding for non-agricultural research. Research 
spending intensity ratios for South Africa remain higher 
than the recommended 1 per cent. Despite the harsh 
economic environment and lower than expected economic 
growth in South Africa since 2011, the government continues 
to provide the major source of funds for the Agricultural 
Research Council (ARC). When compared with countries 
in Africa south of the Sahara, South Africa continues to 
rank second in agricultural R&D investment, whilst it 
invests much less than its BRICS (Brazil, Russia, India and 
China) counterparts, despite having the highest research 
intensity ratio.

 

Documentary review data and 
expert feedback on investment in 
agricultural research
Our review of key documents in agriculture augmented by 
expert feedback have raised a number of issues related to 
the funding of agricultural research. These can be grouped 
under two broad categories:

• General critique of scale of underfunding, and

• The widespread consequences of underfunding.

Our various experts commented similarly on the range of 
consequences of underfunding, including the implications 
for human resources and infrastructure, and the impact on 
specific areas of research:

“In essence, management, leadership, poor human 
resources, and crumbling research infrastructure are the 
critical issues.” (Agricultural expert 5: 2018)

“This underinvestment in agriculture research has resulted 
in increased obsolescence of equipment and infrastructure, a 
reduced ability to retain and recruit highly skilled personnel, 
and termination of certain key projects (premature withdrawal 
of vaccine development, delayed development and release of 
new technologies, etc.).” (Agricultural expert 1: 2018)
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FIGURE 4.14: NO. OF FTE AGRICULTURAL RESEARCH STAFF 
PER SECTOR

 
Source: Calculated based on data from ASTI (https://www.asti.cgiar.org/
data) obtained 18 July 2018

“Research and development in state-of-the-art 
bioinformatics and molecular biology that is required in this 
sector is severely constrained by the shortage of funding 
to replace ageing research equipment at universities and 
research institutions.” (Agricultural expert 3: 2018)

“Continued and sustained public under-investment 
in agricultural research, which in turn, discourages 
commensurate co-investments by private sector or 
commodity organisations.” (Agricultural expert 1: 2018)

Various authors emphasise the declining multifactor 
productivity growth rate impacting on R&D for the sector. 
As Kirsten et al. (2010: 6) note:

However, in terms of multifactor productivity (MFP) – 
which measures the changes in output per unit of combined 
inputs, South Africa has had a declining MFP growth rate 
from 3.98% per year between 1971 and 1989 to 0.01% 
per year for the period between 1990 and 2008. The lack 
of growth in MFP in recent years is reason for concern and 
demands putting in place worthy investment options for 
agricultural R&D that ensure sustainable productivity growth.

 

4. Human resources for agricultural 
research and food security
The human resource base in agricultural research refers 
firstly to the number of researchers (FTE as calculated 
by ASTI) in the field, comprising staff at universities, 
government departments and the ARC. The second 
component of the human resource base refers to the 
next generation of scientists and researchers in the field. 
For this, we analysed the academic pipeline (specifically, 
doctoral enrolments and graduates) over the past 17 years.

Researchers
According to the ASTI database, the number of FTE 
researchers in the broad field of agriculture has not 
increased substantially between the early 1980s and 2014. 

Between 1981 and 1996, the sector witnessed a steady 
increase in the number of FTE researchers in agricultural 
research. Following 1994 and the major restructuring of 
the ARC, a period of declining numbers of FTE researchers 
was augured in. It is only in recent years that this situation 
has been turned around and had stabilised at around 800 
FTE researchers by 2014.

FIGURE 4.15: NO. OF ARC RESEARCH STAFF WITH 
POSTGRADUATE DEGREES (2008-2017)

 

Source: ARC Annual Reports
Note: Post-2013 statistics exclude executives and senior managers

Encouragingly, in this more recent period, the number of 
ARC staff with PhD degrees has increased significantly, 
while the number with master’s degrees has remained at 
around 250.

Student graduates
We have already shown in our discussion in the section 
in Part Three relating to the agricultural sciences that 
there has been a significant increase in agricultural science 
master’s and PhD graduates since the turn of the century. 
This increase is particularly evident in the case of doctoral 
graduates whose numbers increased from 21 in 2000 to 144 
in 2015. In the subsequent tables we present a breakdown by 
the sub-fields of agricultural sciences since 2010.

FIGURE 4.16: MASTER’S AND PHD DEGREES IN AGRICULTURE 
(2000-2016)

 

Source: Calculated from HEMIS data
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FIGURE 4.18: DOCTORAL GRADUATES IN AGRICULTURE  
(2010-2016)

 

Source: Calculated from HEMIS data

TABLE 4.6: MASTER’S GRADUATES IN AGRICULTURE BY CESM SUBFIELDS (2010-2016)

CESM subfield 2010 2011 2012 2013 2014 2015 2016 Total

Agricultural business and management 42 49 48 65 61 152 122 539

Agricultural production operations 32 60 50 11 16 28 29 226

Applied horticulture and horticultural 
business services

3 0 0 1 5 4 5 18

Animal sciences 50 43 40 64 42 72 78 389

Food science and technology 30 27 39 32 41 34 49 252

Plant sciences 45 30 46 28 53 56 58 316

Soil sciences 9 13 27 34 28 43 43 197

Forestry and wood sciences 7 6 6 8 11 8 13 59

Agriculture, agricultural operations and 
related sciences, other

25 45 37 96 119 24 54 400

Total 243 273 293 339 376 421 451 2 396

Source: Calculated from HEMIS data

TABLE 4.7: PHD GRADUATES IN AGRICULTURE BY CESM SUBFIELDS (2010-2016)

CESM subfield 2010 2011 2012 2013 2014 2015 2016 Total

Agricultural business and management 15 17 16 19 30 24 25 146

Agricultural production operations 4 7 7 2 1 23 8 52

Applied horticulture and horticultural 
business services

0 0 0 0 0 30 7 37

Animal sciences 7 23 9 8 7 20 18 92

Food science and technology 7 7 12 12 12 20 16 86

Plant sciences 26 20 24 25 18 19 33 165

Soil sciences 3 5 5 5 5 5 1 29

Forestry and wood sciences 0 3 1 2 1 2 3 12

Agriculture, agricultural operations and 
related sciences, other

2 3 2 13 12 1 5 38

Total 64 85 76 86 86 144 116 657

Source: Calculated from HEMIS data

FIGURE 4.17: MASTER’S GRADUATES IN AGRICULTURE  
(2010-2016)

 

Source: Calculated from HEMIS data
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A comparison between the profiles of master’s and 
doctoral graduates reveals some interesting differences. 
The biggest proportions of master’s graduates (40% in 
total) are in fields that could be labelled as ‘applied’. This 
is followed by graduates in the more ‘substantive research 
fields’ of animal sciences, plant sciences, and food science 
and technology. Included under the first category of 
agricultural business and management are two big sub-
fields: agricultural economics, and agricultural business 
and management. Compared to the profile for master’s 
students, we see that the profile for doctoral students is 
quite different with more research specialisations in plant 
sciences, animal sciences, and food science and technology. 
Fields that are underrepresented are soil sciences, applied 
horticulture, and forestry and wood sciences.

 

Documentary review data and 
expert feedback on human resources 
in agriculture
In their analysis of the sector in 2010, Liebenberg and 
colleagues highlighted the huge loss of expertise in the 
agricultural sector, as described in the following quotations 
(Liebenberg et al. 2010):

… the country has lost a substantial number of well trained 
and experienced agricultural scientists. (p 43)

From 1997 through 2003, voluntary retrenchments and 
net attrition in the public and semi-public sectors saw the 
number of (full-time equivalent) FTE researchers decline to 
1,055 (a contraction of 3.1 percent per year for an overall 
loss of 20 percent of the country’s total scientific research 
capacity in the agricultural sciences). The number of FTE 
scientists working for ARC peaked in 1996 at 761, dropping 
precipitously to bottom out at 443 researchers in 2004, 
with small increases thereafter to 496 in 2008. Preliminary 
estimates suggest that growth in the total number of FTE 
researchers working for public agricultural R&D agencies 
in South Africa stalled in the mid-1980s and totalled 1,044 
FTE researchers in 2007, a little lower than the 1,213 FTE 
researchers employed in 1985. (p 33)

… the decline in the number of ARC researchers from 1997 
to 2008 has disproportionately affected those holding BSc 
degrees (which decreased by 9.8 percent per year), while 
those holding PhD and MSc degrees contracted at a slower 
but still substantial rate (i.e., they declined by 2.46 and 2.94 
per year, respectively). (p 35)

Our expert feedback highlighted additional challenges. One 
is the mismatch between the level and type of skills being 
developed and the skills required: 

“The research ideas are there, but the number of 
motivated, adequately skilled and talented postgraduate 
students and postdoctoral researchers to conduct 
the research is diminishing for a host of reasons.” 
(Agricultural expert 3: 2018)

Another concern expressed relates to the quality of 
the graduates:

“A large number of our graduates at different academic 
institutions quality and knowledge is not on a par.” 
(Agricultural expert 2: 2018)

 

5. The knowledge expertise 
in agricultural and food 
security research
In Part Three of this report, we presented the results of 
our positional analysis of the publications in agriculture for 
the period 2009 to 2016 in the following graph.

FIGURE 4.19: POSITIONAL ANALYSIS OF SUBFIELDS IN 
AGRICULTURAL SCIENCES (2009-2016)

 

Source: WoS, CREST

Figure 4.20 shows how the expertise in this field is 
concentrated in five subfields: plant sciences (35%), veterinary 
sciences s (16%), food sciences and technology (13%), 
agronomy (9%), and dairy and animal sciences (8%). Having 
said this, it is important to keep in mind that there is a fair 
amount of overlap between the subfields listed below (e.g. the 
subfields of agronomy and soil sciences are related). The same 
would apply to the field of plant sciences and other sub-fields 
such as forestry, horticulture and soil sciences. 

Our second approach to understanding the areas of 
activity and strength presents results where these overlaps 
are deliberately ruled out. The thematic cluster analysis 
technique that was conducted with the OmniViz software 
produces mutually exclusive clusters. 
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FIGURE 4.20: NO. OF PAPERS IN AGRICULTURE AND FOOD 
SCIENCE IN WOS (2000-2016)

Source: WoS, CREST

FIGURE 4.21: CLUSTERS GENERATED BY THE OMNIVIZ 
ANALYSIS FOR AGRICULTURAL RESEARCH (2006-2015)

Source: WoS, CREST

FIGURE 4.22: DOCTORAL THESES IN AGRICULTURE AND FOOD 
SECURITY (2000-2016)

 

Source: SATD, CREST 2

2 The following keywords were used in searching on both the title and 
abstract fields of the thesis database: agricultur*, *plant*, *veterinar*, 
*harvest*, *cultivar*, *sugarcane*, *crop*, *soil*, *wildlife*, *animal*, 
*pest*, *food security*, *grain*, *meat*, *fish*, *forest*, *livestock*, 
*fruit*, *wine*.

Finally, we present the results of our analysis of doctoral 
dissertations in agricultural sciences submitted at South 
African universities between 2000 and 2016. This provides 
another perspective on the knowledge and expertise in the 
field. Doctoral theses often reflect – more so than journal 
articles – the current and emerging scientific specialisations 
of the supervisor as well as the doctoral candidate. And 
many of these doctoral graduates move on to academia, 
government or industry where they transfer and apply 
their knowledge gained through the doctoral studies. 
A total of 1 570 dissertations were identified through our 
search. Figure 4.22 shows a steady increase over time 
with on average more than 100 theses produced annually 
since 2012.

6. A research agenda
In this final section we summarise – based on our analysis 
of a wide range of reports, reviews and articles, as well as 
expert input – the main research themes and priorities that 
should be put on the agenda of scientists and researchers 
in the field.3 

Priority 1: Assess the extent of access to food and 
the effectiveness of national programmes to address 
hunger and malnutrition

• Surveys to track access to food and the experience of 
hunger in South Africa must be regularly undertaken 
and national surveys must be improved (Hendriks 2013; 
Hendriks 2014; Pereira 2014).

• A review and stock-taking of the plethora of national 
programmes is required (Hendriks 2014).

• Few studies have been conducted on the relationship 
between malnutrition, water use and crop production in 
South Africa (DAFF 2015b).

Priority 2: Assess the role of fisheries in the food system

• Stock assessments are required and the role that 
fisheries play in the broader South African food system 
should be investigated (Pereira 2014). Lack of adequate 
data impedes the imposition of effective governance 
mechanisms (ibid.).

Priority 3: Prioritise commodity crops and 
indigenous crops

• The NDP (NPC 2012) identifies the following priority 
crops based on their potential and labour intensiveness: 

3 A cautionary note is in order: we have not weighted individual priorities 
listed in the remainder of this section. The fact that these priorities either 
appear in official strategic and planning documents does suggest that they 
have been incorporated in prior listings. It is also important to point out 
that some of the themes and topics listed here appeared in reports that 
were published in the early 2000s. We have, in general, restricted the listing 
below for the past five to seven years. It is therefore possible that some 
of the topics that are listed are already being addressed by some research 
group, chair or institute.
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citrus, table and dried grapes, subtropical fruit, and 
vegetables. Macadamias, pecan nuts, rooibos tea, olives, 
figs, cherries and berries also have high potential but 
are not labour-intensive. Grain, oilseed and livestock 
industries (particularly poultry and demand for animal 
feed) are also not labour-intensive, but they have 
significant upstream and downstream linkages. 

• Research is required to assess the nutritional value and 
water requirements of indigenous crops, and to promote 
their utilisation (DAFF 2015b; DST 2013a).

• A comprehensive research programme for the horticultural 
sector should be developed (i.e. breeding programme, pest, 
disease programme, etc.) (DAFF 2015a).

Priority 4: Investigate current land use and anticipate 
its impacts on food security

• Land use change must be monitored and its impacts on 
food security determined (NASAC 2018).

• An integrated food nutrition research programme should 
be developed that takes into account changes in land use 
and resultant impacts on food security (DST 2013a).

• Assess the status, viability and requirements of 
redistributed farms relative to their agricultural potential 
(Agricultural expert 6: 2018).

Priority 5: Undertake research to extend availability, 
reduce waste, increase nutritional value, facilitate 
preparation and ensure food safety

• STI research can extend shelf life; extend seasonal 
availability; make healthy foods easier to prepare; help 
ensure food safety; and reduce post-harvest losses and 
food waste (DST 2013a; NASAC 2018; NPC 2012). This 
may form part of an integrated food nutrition research 
programme (DST 2013a).

• The role of bioscience innovation to help ensure food 
security, enhance nutrition and improve health is 
emphasised (DST 2013a; NASAC 2018). Bioinformatics 
should be utilised to develop higher protein content 
crops to stem the obesity problem (Agricultural 
expert 3: 2018).

• Identify patterns of contamination and health effects of 
mycotoxins in Africa (NASAC 2018). 

Priority 6: Undertake research to increase crop yields 
and support animal production 

• Improve herd structure and calving percentage 
(DAFF 2015a). 

• Identification of new grazing and veld management 
strategies (DAFF 2015a).

• Livestock identification techniques and technologies 
required (DAFF 2015a).

• For poultry, energy efficient broiler production systems 
also need to be developed (DAFF 2015a).

• Biotechnology to improve the heat-resistance and 
drought-tolerance of crops (DST 2013a).

• [Wheat] Develop higher yielding varieties, with lower 
protein content and improve wheat variety release 
system (DAFF 2015a).

Priority 7: Increase genetic diversity through plant and 
animal breeding

• New crop varieties should be developed (DAFF 2015a; 
DST 2015).

• STI research can promote product diversification (with an 
emphasis on increased nutritional value) (NASAC 2018).

• Bioinformatics to inform plant and animal breeding 
programmes (Agricultural expert 3: 2018).

• The environmental footprint of aquaculture can be 
reduced with genetic improvements (NASAC 2018).

Priority 8: Identify and find solutions to pests and diseases

• Continuous surveillance of pests and disease is required 
(DAFF 2015a). 

• Research on plant and animal diseases that have local 
impact with the aim to develop new affordable diagnostic 
methods and chemotherapies/vaccines (NASAC 2018).

• Information and communications technology (ICT) 
and multi-sectoral ‘big data’ can be used to support 
monitoring of pests and diseases (NASAC 2018).

• Advancements to plant tissue culture technology (urgent 
solutions to problems such as somaclonal variation, 
hyperhydricity and shoot-tip necrosis) (Moyo et al. 2011).

• Animal health requirements include animal risk 
surveillances (DAFF 2015c). Resistance to disease and 
combating the misuse of antibiotics in animal production 
systems necessitate new and improved diagnostics and 
therapeutics (ARC 2015; DAFF 2015a; DST 2015).

Priority 9: Assess and address the effect of climate 
change on agriculture 

• Support effective observation/monitoring and build 
understanding of how changes will effect agriculture 
(DAFF 2015b; NASAC 2018).

• Determine expected impacts on animal health 
(DAFF 2015b; NASAC 2018), and livestock 
improvements required (DAFF 2015b).

• Crop and livestock improvements are required to 
overcome biotic and physical stresses (DST 2013a).

• [Adaptation] Efforts required include alteration of 
planting and harvesting times (DAFF 2015b; DEA 2011); 
altering planting locations (based on soil suitability 
studies) (DAFF 2015b); required crop and seed changes 
(and development of drought resistant varieties) (DAFF 
2015b; DEA 2011); as well as relevant water, nutrient and 
soil conservation technologies and techniques (DAFF 
2015b; DEA 2011; Pereira 2014).
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Priority 10: Support rural economies

• Investigate support required by rural economies for 
activities related to agriculture, agro-processing and 
fisheries; and determine measures to close the urban/
rural food price gap (NPC 2012).

• Different forms of financing and vesting of private 
property rights to land reform beneficiaries must be 
investigated (NPC 2012).

Priority 11: Identify required innovations and provide 
support to smallholders to maintain quality and 
consistent supply 

• Innovations are required to assist smallholders to 
maintain quality and consistent supply (Pereira, 2014). 
Includes improved technologies and techniques for 
irrigation (NPC 2012).

Priority 12: Identify best irrigation techniques and 
technologies

• The policy and management approaches (agronomical, soil 
fertility management, water quality, nutrient re-use and 
greywater re-use) that can optimise water use efficiency 
in agriculture must be investigated (Siebrits et al. 2014).

• Assessment of various adaptation strategies are also 
required (e.g. drip irrigation, rainwater harvesting, 
recirculation of water and nutrients in a closed system, 
planting different crops or crop varieties and at different 
times in the year, increasing chemical application to slow 
down evapotranspiration, etc.) (DAFF 2015b; Fanadzo 2012; 
NASAC 2018; Pereira 2014; WRC 2012b; WRC 2013).

• The extent to which earth observation and related 
technologies can be further operationalised for 
applications in agrohydrological cycles in South Africa 
must be assessed (Siebrits et al. 2014).

Priority 13: Create a food security information system

• A food security information system is required 
(Hendriks 2013). ICT and multi-sectoral ‘big data’ can 
support ongoing monitoring and evaluation of policies 
and programmes, and promote the efficiency of the 
agriculture and food systems. This requires monitoring 
food security and the nutrition status of populations as 
well as consumer behaviour (NASAC 2018). 

• Data and information on food security, smallholder farmers, 
agricultural land use, agricultural stocks, and foreign land 
ownership and exploitation, is required to better elucidate 
the extent of food security (Hendriks 2013). 

Priority 14: Establish institutions to support innovation

• The establishment of a network of agro-innovation hubs 
that enhance technology transfer and extension and 
successfully transfer skills and solutions to emerging, 
small-scale and commercial farmers (DST 2013a) and 
agri-parks for agricultural development (ARC 2015). 

• A committee comprised of key representatives from 
government, industry and academia is to be established 
to guide agro-innovation (DST 2013a). The importance of 
the agro-processing initiatives is underlined (DST 2013a).

FIGURE 4.23: MAPPING PRIORITIES AGAINST FIELDS OF EXPERTISE IN AGRICULTURE
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7. Concluding assessment
Although agricultural research in South Africa is an area 
where the institutional landscape is well-articulated 
with research capacity located in the university sector, 
government research units, science councils, industry 
associations, and private research performers, it is also 
clear that there has been a noticeable shift towards 
knowledge produced within the university sector in 
recent decades. This is mainly because of the decrease 
in the parliamentary grant to the ARC as well as the 
shift of funding – through the NRF – to university CoEs 
and research chairs. With three CoEs and more than 
20 SARChI Chairs, this is an area that has increasingly 
benefitted from NRF support. Given the proliferation 
of research entities, the challenge shifts towards greater 
cooperation between them and increased sharing 
of expertise.

There are small but essential pockets of research located 
outside these public research performers that need to be 
protected. The close relationship between the Institute for 
Commercial Forestry Research, the Sugar Milling Research 
Institute and the University of Kwa-Zulu Natal is a good 
example of a ‘public-private’ partnership that should be 
imitated elsewhere. 

As far as the human resource capacity is concerned, the 
numbers of FTE researchers have basically remained 
unchanged over the past two decades. On the positive 
side, we have seen an expansion of the academic pipeline 
with increases in master’s and doctoral enrolments 
and graduates. The increases in graduates should be 
mobilised to expand the capacity in this very strategic 
area. The differences in the areas of specialisation 
between master’s and doctoral graduates are interesting, 

and are suggestive of very different career expectations 
and trajectories at these two exit points. The fact that 
these increases are occurring at a time when the FTE 
researcher base is not expanding would suggest that large 
proportions of graduates are going into areas that are only 
marginally related to scientific research in agriculture and 
food security. It should be a priority to establish where 
these graduates find employment after completion of their 
studies and to what extent they apply the knowledge and 
skills gained through their studies.

The ‘research agenda’ that is emerging from our analysis 
of research priorities identified in various policy and 
strategy documents, as well as through individual expert 
feedback, combines traditional priorities for further 
research in animal breeding, crop production, irrigation 
and water resource management, and pest and disease 
management, with new priorities that are often located 
at the intersection of inter-disciplinary spaces. The latter 
include the impact of climate change on agriculture, the 
intersection between the challenges of land reform and 
land use in South Africa, and their impact on agricultural 
production and food security. At a ‘meta-level’, priorities 
refer to the need for better data and information systems 
(e.g. food security information system); impact assessment 
studies of interventions to reduce hunger, malnutrition and 
poverty; as well as institutions and mechanisms to support 
innovation in this area.
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Climate and environmental research
1. Introduction
South Africa’s research on the natural environment has 
a long history founded on indigenous knowledge, as well 
as knowledge dating back to colonial times. With regard 
to the former, the fact that the region has been inhabited 
since the very origins of Homo sapiens has ensured 
an accumulation of well-tested indigenous knowledge 
regarding plants and animals. With regard to the latter, 
Berjak et al. (2009: 133) explain that “the colonisation 
and exploration of southern Africa by Europeans, 
starting in the 18th century, coincided with a popular and 
scientific surge of interest in ‘natural history’. The Cape 
was a rich source of material for the pioneers of modern 
biological science, including Linnaeus, Darwin and 
their disciples.” 

The early fascination with collecting and classifying exotic 
plants and animals led to the establishment of several 
national collections of plant and animal species that are 
world-renowned and globally significant. The national 
herbarium, headquartered at the South African National 
Biodiversity Institute (SANBI) in Pretoria, is linked to 
nine national botanical gardens (that also undertake 
research, e.g. the SARChI Chair in Conservation Biology 
at the National Zoological Gardens), and a variety of 
national insect and fish collections. Together, they form 
an institutional web of collections and knowledge that are 
indispensable for the study of South African species, their 
evolution and systematics. 

At the interface of integrating this knowledge with a wealth 
of indigenous knowledge and applied biotechnologies, 
lies the 2008 ‘Farmer to Pharma’ Grand Challenge of the 
DST. As a policy vision, it recognises that South Africa 
possesses a major comparative advantage in terms of 
biodiversity and climate, for sustainable cultivation and 
processing of herbal products, indigenous crops and 
animals that have adapted to harsh local conditions (yet 
still offer superior nutrition), marine resources with 
economically important applications, and insects that play 
an important role in sustainable agricultural ecosystems. 
In support of knowledge generation to help unlock the 
value of these indigenous resources, the NRF established a 
number of SARChI Chairs that focus on various aspects of 
the bio-economy. 

The economic exploitation of South Africa’s wealth of 
biodiversity has a long history, however, and studying its 
direct-use benefits lies, historically, at the root of various 
flourishing biological sciences in South Africa. As Berjak 
et al. (2009: 134) explain, “[t]he early economy of South 
Africa was absolutely dependent on forests, grazing and 
wildlife, and when it became clear around the mid-1800s 
that they were rapidly becoming depleted, a dual interest 
arose: in their ecology, on the one hand, and conservation 
and management on the other.” 

With regard to the first interest, ecology, a number of 
research traditions or schools grew into the contemporary 
South African strengths in the field of global change, or 
earth systems science. These strengths include population 
ecology and systems ecology. Population ecology is well 
represented in South Africa in the fields of ornithology, 
botanical studies in the fynbos and Karoo, and fisheries 
biology. Institutionally, scientific leadership and expertise in 
aquatic ecology is especially well represented in the research 
institution landscape of South Africa: in addition to the 
South African Institute for Aquatic Biodiversity (SAIAB), the 
NRF funds four SARChI: Shallow Water Ecosystems; Marine 
Ecosystems and Resources; Marine Ecology and Fisheries; 
and Inland Fisheries and Freshwater Ecology.

Historically, the research foci of systems ecologists have 
tended to develop in relation to geographic location. In the 
north of the country, the focus has tended to be on savannas, 
while researchers in the south have capitalised on their 
advantageous proximity to the Indian, South Atlantic and 
Southern Oceans. These oceans influence global weather 
patterns and atmospheric greenhouse gas concentrations 
in unique ways. Institutionally, research on the ecological 
dynamics of the Southern Oceans and Antarctica is supported 
by the NRF’s South African National Antarctic Programme 
(SANAP), the Southern Ocean Carbon-Climate Observatory 
(SOCCO), and the Chairs in Ocean Atmosphere Modelling.

The fact that South Africa is a topographically and 
climatically varied country, with a wide variety of 
ecosystems, also renders it both an attractive and a 
priority area for research on global change (DST 2009). 
The Applied Centre for Climate and Earth Systems 
Science (ACCESS) at the CSIR combines the efforts of 
several agencies, research councils, research programmes, 
universities and research groups in the broad field of 
global change, or earth systems science. Similarly, but with 
a focus on earth observation science, the South African 
Environmental Observation Network (SAEON) serves as 
an institutionalised network of departments, universities, 
science institutions and industrial partners. 

A second ‘natural resource’ branch of South African 
biodiversity science – that is, conservation and management 
– has been traced back to the appointment of the ‘Cape 
Conservator of Forests’, following disastrous fires of the 
1850s, which placed conservation onto a scientific path 
(Berjak et al. 2009). From the early part of the 20th century, 
the existence of a relatively large state-owned conservation 
estate in South Africa led to both an opportunity and 
need to investigate the management of wildlife and African 
ecosystems in their near-natural state. At the same time, 
several iconic species were in imminent danger of extinction. 
Relevant expertise (e.g. in the capture, translocation and 
veterinary care of large mammals) became a national 
speciality. Research into population biology, habitat needs 
and wildlife feeding patterns proliferated during the 1960s, 
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leading to centres of such expertise being established at 
the University of Pretoria.

The unusually tight coupling between science and 
management, a notable feature of biodiversity conservation 
in South Africa, has had the spinoff of making the 
protected areas of South Africa an important research 
facility for both local and international scientists (Berjak et 
al. 2009). The increasing demand for conservation planning 
and management services has also stimulated expertise 
in wildlife veterinary science, community-based natural 
resource management, spatial conservation planning, 
coastal resources management, ecosystem service 
assessment, and the adaptation of biodiversity to global 
change. Key university-based institutions in these fields 
include two CoEs: one for invasion biology and another 
focusing on birds as keys to biodiversity conservation. 
Outside of the universities, the branch of Marine and 
Coastal Management (MCM) of the Department of 
Environment Affairs (DEA), the South African National 
Parks (SANParks) Board and several provincial parks 
agencies also play an important role. 

Generally, the past few decades have seen a shift from 
ecological research for agricultural production, to a more 
conservation-orientated focus with a strong emphasis on 
management for biodiversity and ecosystem services, the 
impacts of climate change, and climate change mitigation. A 
number of both global and regional developments since the 
1970s encouraged this shift. First, a recognition that some of 
the pressing environmental problems were not amenable to 
a piecemeal approach led to the global emergence of the field 
of ‘ecosystem research’ in the 1970s, and the International 
Biosphere Programme, in response to which South Africa 
initiated a series of ecosystem programmes of its own. 

At approximately the same time, wildlife was becoming an 
important land use outside of reserves – a development 
that required new approaches to conservation. These 
originated in Zimbabwe (then Rhodesia), but soon moved 
south to develop a strong body of South African scientists 
with experience in interdisciplinary work and an ethos 
of sustainable use rather than strict preservation. These 
scientists were well positioned to respond to the third 
global development – that is, the blossoming of the field 
of ecosystem services (‘the benefits that people derive 
from nature’) in the early years of the 21st century. 
The Southern African Millennium Ecosystem Assessment 
was an important project in establishing this approach, 
which has since seen its institutionalisation in SARChI 
Chairs concerned, variously, with interdisciplinary 
research in land and natural resource use for sustainable 
livelihoods; sociology of land, environment and sustainable 
development; and social-ecological systems and resilience. 

Many of the different research strands briefly discussed 
above have been integrated in the DST Grand Challenge 

Plan on Global Change of 2009. In the plan, ‘global change’ 
is defined as follows (DST 2009: 5):

 Global change refers to an interconnected set of 
phenomena, resulting largely from human actions 
that have altered the environment over virtually the 
entire planet at an accelerating rate during modern 
times. It includes changes to the composition of the 
atmosphere; the nutrient loading of the biosphere; 
the global, regional and local climate; the distribution 
and abundance of species; the cover and use of the 
land surface and the use of marine resources; the size, 
location and resource demands of the world’s human 
population, as well as its patterns of governance and 
economic activity.

The plan identified four main research priorities:

• Understanding a changing planet;

• Reducing the human footprint;

• Adapting the way we live; and

• Innovation for sustainability.

We elaborate on each of the main research priorities 
and the research themes included in each. Even a cursory 
reading of the scope of the global change grand challenge 
shows the large areas of overlap with some of the other 
strategic research areas that are included in Part Four 
of the report – most notably under agriculture and food 
security, energy, and water resources.

Understanding a changing planet: This key focus area 
seeks to build an understanding of how our ecosystems 
are changing, where that change is taking place, and how 
rapidly the change is happening. It also seeks to understand 
complex interactions that take place within ecosystems, 
and how changing certain aspects of any of them will affect 
other aspects. Five main research themes are included 
here: observation, monitoring and adaptive management; 
dynamics of the oceans around southern Africa; dynamics 
of complex internal earth systems; linking the land, the 
air and the sea; and improving model predictions at 
different scales.

Reducing the human footprint: Humans have been an 
integral component of South Africa’s terrestrial ecosystems 
for over 150 000 years, first as hunter-gatherers and 
later as nomadic pastoralists. The ecosystems have co-
evolved with their human inhabitants to today’s landscape 
of increasingly urban and increasingly mono-cultured 
agricultural systems, and these changes have brought with 
them significant improvements in many elements of human 
well-being. However, these improvements have not been 
experienced by all, especially in rural and impoverished 
communities, and they have come at a cost to biodiversity, 
available freshwater and the quality of our land, soil and 
vegetation. It is now clear that these ecosystems are our 
life support systems, providing ecosystem services like 
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drinking water, food, fuel, fertile soil and recreational 
and spiritual opportunities, among many other benefits. 
The changes humans have wrought on ecosystems (our 
footprint) have compromised the ability of these life 
support systems to improve the quality of life of all South 
Africans. This ability will be further compromised by 
global change, especially in vulnerable communities. Three 
themes are included here: waste minimisation methods 
and technologies; conserving biodiversity and ecosystems 
services; and institutional integration to manage 
ecosystems and the services they offer.

Adapting the way we live: The Earth’s human population 
is predicted to rise to nine billion by 2050. The twin 
challenges of reducing people’s impact by reducing their 
levels of consumption and waste generation, on the one 
hand, while still being able to raise the average standard of 
living to an acceptable level, on the other, will require us 
to make radical changes to the way we live. These changes 
will take two forms. The first involves altering the activities 
that are driving change, with the express aim of slowing 
or reversing the adverse consequences that are predicted. 
Actions in this sphere include, for example, reducing 
human levels of fossil-fuel consumption. The second 
involves making changes that will help us to avoid the 
negative consequences, and benefit from the opportunities 
offered by change that we cannot avoid. Such measures 
are known as ‘adaptation’. This key focus area outlines four 
themes designed to address these issues: preparing for 
rapid change and extreme events; planning for sustainable 
urban development in a South African context; water 
security for South Africa; and food and fibre security for 
South Africa.

Innovation for sustainability: A significant challenge 
for global change research is to understand the 
interplay between two important change phenomena: 
‘environmental change’, the study of which is an established 
tradition in earth system sciences, and ‘innovation 
for sustainability’, which reflects the human response 
to environmental change. Three themes have been 
identified under this heading: dynamics of transition at 
different scales – mechanisms of innovation and learning; 
resilience and capability; and options for greening the 
developmental state.

In two recent reports, South Africa’s ability to address the 
challenges of climate change are questioned. In the STIIL 
report it is claimed that “the literature currently available 
raises specific concerns, namely: A slow response to 
natural and unnatural crises such as climate change” (DST 
2017b). And, in an ASSAf report, the following is stated: “it 
is widely perceived by those responsible for implementing 
adaptation and mitigation actions that the system as a 
whole is underperforming in terms of producing South 
African-developed operational technologies [to address 
climate change]” (ASSAf 2017). The same report claims 

that “there is also a mismatch between what the users of 
research and technology perceive as the key needs in the 
coming decade, and what has been published in the past 
decade” (ibid.).

The Marine and Antarctic 
Research Strategy
Two domains which are closely related to climate and 
environmental research are the marine sciences and 
Antarctic research. However, as noted in the Marine and 
Antarctic Research Strategy (MARS 2016), the national 
research effort in this regard has been somewhat fragmented, 
with strategic priorities defined across several key 
stakeholders in a largely uncoordinated manner. In developing 
a response to the need for coordination and guidance of 
research initiatives, a variety of national policies and plans 
served as key drivers. The MARS therefore expresses 
recent and current national imperatives and strategies with 
regard to climate and environmental research, particularly as 
undertaken by marine and Antarctic scientists. 

Of central relevance to this report are the five priority 
research themes for marine and Antarctic research that 
the MARS identifies (using the National Marine Research 
Plan for South Africa, 2014+ and the South African 
Antarctic and Southern Ocean Research Plan 2014–2024 as 
input, adapted to the current national priorities):

• Oceans and marine ecosystems under global change;

• Earth systems observations;

• Ecosystems, biodiversity and biodiscovery;

• Innovation and development; and

• Human enterprise.

These themes are aligned with the research priorities 
identified in the DST Grand Challenge Plan on Global 
Change of 2009; as well as consolidated with other current 
initiatives and commitments of government; in particular, 
the Operation Phakisa Oceans Economy initiative. This 
initiative was launched in 2014 as part of implementing 
the NDP which identified the oceans economy as one 
of the initial steps that had to be prioritised. The key 
purpose of the initiative is to unlock the potential, offered 
by South Africa’s proximity to massive ocean resources, 
to contribute to national economic development and, 
ultimately, to address national socio-economic challenges. 
Research is considered as central to attaining the initiative’s 
targets, and therefore the MARS research themes serve as 
a research agenda to broadly address the requirements and 
expectations of the Operation Phakisa Oceans Economy 
initiative. The initiative identifies four key priority areas 
to derive maximum socio-economic benefits from South 
Africa’s oceans, without compromising the environment: 
marine transport and manufacturing; offshore oil and 
gas exploration; fisheries and aquaculture; and marine 
protection and governance.
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In line with this these priority areas, the MARS highlights 
the importance of fisheries and aquaculture research, as 
well as marine technology research that would contribute 
to marine protection and governance. A close inspection of 
the six strategic, high-level objectives of the MARS further 
shows the strong influence of the Operation Phakisa 
Oceans Economy initiative, as there is a clear emphasis 
on ‘solution-oriented’ research activities that would 
address issues such as sustainability of resources, quality 
of life derived from the oceans economy, and employment 
creation derived from innovation. 

The research themes identified by the MARS are further 
aligned with the intention of DST, expressed in its National 
Research and Development Strategy, to capitalise on 
South Africa’s geographic advantage in respect of marine 
and Antarctic research (e.g. our researchers’ proximity 
to the Indian, South Atlantic and Southern Oceans, as 
mentioned in the introduction to this subsection of our 
report). The research themes also provide a research 
base to assist in the implementation of the 2014 White 
Paper on the National Environmental Management of the 
Ocean (NEMO). 

The vision of the MARS is a high quality marine and 
Antarctic research system that is not only responsive to 
relevant national strategic imperatives, but which also has 
global reach. Therefore, in addition to national strategic 
imperatives, the MARS considers current international 
trends and priorities, of which understanding the role of 
biodiversity and regional climate systems in maintaining 
ecosystems functionality, the relationships between human 
pressures and ecosystems, and the impact of global change 
on marine ecosystems and their services, are fundamental. 
From a global perspective, the MARS identifies several 
urgent actions that are required to address current 
problems: assess marine ecosystems health in an 
integrative way; sustain valuable long-term observations; 
deliver ecosystems services by conserving and protecting 
our seas; recover ecosystem structure and functioning 
through restoration/mitigation; manage the seas using 
the ecosystems approach and spatial planning; and model 
ecosystems for better management.

In summary, MARS provides a rationale for South Africa 
conducting (and investing in) marine and Antarctic 
research. The research priorities it identifies provide 
a platform for a funding framework for research that 
addresses national imperatives in the marine and Antarctic 
domains. Against this background, we now elaborate on 
each of the five research themes for marine and Antarctic 
research that the MARS identifies. 

Oceans and marine ecosystems under global change

Subthemes

• Understand modes of ocean variability across temporal 
and spatial scales

• Develop a regional observations network

• Develop end-to-end modelling and operational 
prediction capabilities

• Establish global, regional and costal system indicators

• Deliver robust and useful information to society

• Reconstruct past climate changes

Issues emphasised

• Increasing water pollution within the coastal zone

• Reduced river flow to estuaries and the coastal zone

• Coastal bio-invasions, particularly by alien plant and 
invertebrate species

• Multi-, inter- and cross-disciplinary approaches to marine 
science with explicit links to stakeholder requirements

• Providing scientific and socio-economic information for 
wise management decision-making of coastal ecosystems 
under global change scenarios

Earth systems observations

Subthemes

• Use South African space science in Antarctica, as a 
window into geospace

• Understand the links between ocean-atmospheric 
physics, ocean iron availability, trace element 
biogeochemistry, and ocean productivity

• Understand large-scale ocean circulation and global 
climate change

• Geology of onshore terrestrial Antarctica

Interdisciplinary (geophysics, geology, geochemistry 
and palaeontology) studies of the ocean floor around 
Antarctica are emphasised. Study of the seafloor, in 
general, is an important aspect of Operation Phakisa.

Ecosystems, biodiversity and biodiscovery

Subthemes

• Understand scales of biodiversity from molecular 
to ecosystem

• Understand the connectivity between terrestrial, coastal 
and marine systems

• Understand natural and anthropogenic drivers of change

• Develop capacity in biodiscovery and biotechnology

• Marine spatial planning and marine protected area 
expansion and optimisation

Research into human impact, biodiscovery and 
biotechnology in the Antarctic region is emphasised.
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Innovation and development

Subthemes

• Sustainable coastal and ocean development: vulnerability, 
risks and responsibility

• Oil and gas, fisheries, mining and mariculture

• Energy management

• Develop technology and vessel design

• Develop energy exploration capacity

• Develop links to ecotourism

• Antarctic waste management

Issues emphasised

• Innovation for the re-design, maintenance and 
improvement of the infrastructure and logistics 
supporting Antarctic research

• Innovation in the area of marine fisheries (long-term 
prosperity and sustainability thereof) 

• Skills and capacity relevant to South Africa’s exclusive 
economic zone (EEZ) that would enable the country 
to protect the EZZ (e.g. for oil drilling), maintain safety 
in the EEZ, and exert influence beyond the EEZ (e.g. in 
terms of search and rescue)

• Build on existing technologies to provide mitigation 
instruments to assist in management of disasters such as 
oil spills (e.g. marine remote-sensing and biotechnology)

• Technology development plans focussed on ship repairs, 
aquaculture, and offshore oil and gas exploration

Human enterprise

Subthemes

• Geopolitics, international and national law and policy 
(specific mention is given to monitoring and ensuring 
that the South African domestic legislative and 
regulatory framework keeps up with international 
law developments)

• Develop and refine human history and palaeosciences

• Explore, from a research perspective, the Antarctic arts, 
architecture and literature

• Social adaptation and human impact (specific mention is 
given to elaboration and monitoring of human impacts 
in the Antarctic and Southern Ocean region, and 
establishing mitigation measures where necessary)

2. Institutional landscape
Given the long and rich history of South African research 
in environmental and ecosystems research, as well as the 
strong research traditions in such specialised fields as 
biodiversity and conservation, earth observation research, 
marine and Antarctic research and geosciences in general, 
it is not surprising that the institutional landscape in this 
research area is well-articulated. The figure below lists 
the ‘institutes’ with the largest numbers of publications 
as recorded in our OmniViz analysis of the environment 
meta-cluster.

TABLE 4.8: INSTITUTES WITH MOST PUBLICATIONS IN WOS – ENVIRONMENT META CLUSTERS (2005-2015)

Local higher education institutions National research institutes and 
departments/ministries

Other

Count Count Count

University of Cape Town 2 221
(13.3%)

Agricultural Research Council 531
(3.2%)

Bayworld 85
(0.5%)

Stellenbosch University 1 982
(11.8%)

Council for Scientific and 
Industrial Research

493
(2.9%)

Ezemvelo KZN Wildlife 79
(0.5%)

University of Pretoria 1 679
(10.0%)

South African National 
Biodiversity Institute

441
(2.6%)

Oceanographic Research 
Institute

66 
(0.4%)

University of KwaZulu-Natal 1 470
(8.8%)

South African Institute for Aquatic 
Biodiversity

315
(1.9%)

Endangered Wildlife Trust 51
(0.3%)

Rhodes University 1 009
(6.0%)

Department/ Ministry of 
Environmental Affairs

284
(1.7%)

South African Sugarcane 
Research Institute

51
(0.3%)

University of the Witwatersrand 838
(5.0%)

South African National Parks 223
(1.3%)

Lancet Laboratories 39
(0.2%)

North West University 586
(3.5%)

Iziko Museums of South Africa 155
(0.9%)

Citrust Research International 37
(0.2%)

Nelson Mandela University 529
(3.2%)

Department/ Ministry of 
Agriculture, Forestry and Fisheries

136
(0.8%)

Sasol Technology (Pty) Ltd 27
(0.2%)

University of the Free State 370
(2.2%)

KwaZulu-Natal Museum 99
(0.6%)

SGS South Africa 24
(0.1%)

University of Johannesburg 362
(2.2%)

National Museum, Bloemfontein 91
(0.5%)

Sappi Forests (Pty) Ltd 21
(0.1%)

Source: WoS, CREST
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We elaborate on each of these main categories below.

Public sector performers of 
environmental research: Universities, 
science councils and national 
research facilities
A first overview of the range of public research performers 
in this area is found when we look at the list of research 
centres, platforms and programmes funded by the NRF.

FIGURE 4.24: NATIONAL RESEARCH FOUNDATION SUPPORT 
FOR CLIMATE AND ENVIRONMENTAL RESEARCH

 

Source: Based on information from NRF website (https://www.nrf.ac.za/
research-platforms/national-facilities) accessed 7 November 2018

The next two graphs list the CoEs (5) and research 
chairs (38).

FIGURE 4.25: UNIVERSITY CENTRES OF EXCELLENCE 
CONDUCTING ENVIRONMENTAL RESEARCH

Stellenbosch 
University

Centre of Excellence for 
Invasion Biology 

University of 
Cape Town

Centre of Excellence Birds as Keys to 
Biodiversity Conservation 

University of 
Johannesburg

Centre of Excellence for Integrated 
Mineral and Energy Resource Analysis 

University of 
Pretoria

Centre of Excellence in Tree Health 
Biotechnology 

University of the 
Witwatersrand

Centre of Excellence in Mathematical 
and Statistical Sciences 

Source: Based on information from NRF website (https://www.nrf.ac.za/
division/rcce/instruments/centre-of-excellence) obtained 7 November 2018

FIGURE 4.26: SARCHI CHAIRS AT SOUTH AFRICAN UNIVERSITIES 
CONDUCTING CLIMATE AND ENVIRONMENTAL RESEARCH

Nelson Mandela 
University

• Earth Systems Science
• Law of the Sea and Development in Africa
• Marine Spatial Planning 
• Shallow Water Ecosystems

National 
Zoological 

Gardens
• Conservation Physiology

North-West 
University

• Cities, Law and Environmental 
Sustainability

• Coal Research

Rhodes 
University

• Insects in Sustainable Agricultural 
Ecosystems 

• Interdisciplinary Science in Land and 
Natural Resource Use for Sustainable 
Livelihoods 

• Marine Ecosystems and Resources 
• Marine Natural Products Research

SAIAB • Inland Fisheries and Freshwater Ecology

Stellenbosch 
University

• Animal Tuberculosis
• Functional Nanostructural Materials
• Social-Ecological Systems and Resillience
• Sociology of Land Environmental and 

Sustainable Development

Tshwane 
University of 

Technology

• Acid Mine Drainage Treatment
• Agrochemurgy and Plant Symbioses

University of 
Cape Town

• Animal Evolution and Systematics
• Climate Change 
• Environmental and Social Dimensions of 

the Bio-Economy
• Marine Ecology and Fisheries
• Ocean Atmosphere Modelling 
• Stable Isotopes in Archaeology and 

Palaeoenvironmental Studies Earth and 
Marine Sciences

University of 
KwaZulu-Natal

• Ecosystem Health and Biodiversity in 
KwaZulu-Natal and the Eastern Cape 

• Evolutionary Biology
• Land Use Planning and Management
• Waste and Climate Change

University of 
Limpopo

• Monitoring and Managing the Health 
Resilience of the Limpopo River Basin

University of 
Pretoria

• Advanced Sensor Networks
• Behavioural Ecology and Physiology

University of 
Venda

• Biodiversity Value and Change in the 
Vhembe Biosphere Reserve

University of the 
Western Cape

• Analytical Systems and Processes for 
Priority and Emerging Contaminants 

• Nano-Electrochemistry and Sensor 
Technology

• Waste and Society

University of the 
Witwatersrand

• Clean Coal Technology 
• Exploration, Earthquakes and Mining 

Seismology 
• Global Change and Systems Analysis

Source: Based on list obtained from NRF on 20 February 2019
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Department of 
Environmental Affairs

Department of 
Agriculture, Forestry 
and Fisheries and the 
Agricultural Research 

Council

Biodiversity Biofuels Decarbonisation Pollution and health

Earth observation

Spatial planning

Climate change Energy efficiency

Land usage

Waste management

Conservation Renewable energy

Renewable energy

Weather

Department of Energy Department of Health

Land usage

Climate change

Water and irrigation

Conservation

The government departments and departmental units that 
are in some way responsible for climate and environmental 
matters are listed below.

In our documentary review, two specific challenges 
regarding the research landscape in climate and 
environmental research were highlighted:

• National facilities have no clear long-term research 
agenda, and

• Linkages between researchers and the private sector are 
relatively weak.

An important finding from the NRF review of the 
Biodiversity and Environmental Sciences Cluster was that 
the national facilities have no clear long-term research 
agenda. There is also resultant tension with the research 
agendas of the individual scientists. The crucial need for the 
SAEON to have a clear national environmental monitoring 
and research strategy was emphasised.

None of the three national facilities [SAIAB; the NZG and 
SAEON] has a coherent long-term research programme. 
There is tension between the research agendas of individual 
scientists and the role of NFs in delivering national 
platforms. (NRF 2015a: iv)

SAEON needs a clear national environmental monitoring 
and research strategy in order to organise and enhance 
its scientific leadership and future development … 
(NRF 2015a: 29)

The ASSAf state of climate change science and technology 
study noted that linkages between researchers and the 
private sector are relatively weak (ASSAf 2017: 63).

There are strong linkages among climate change 
researchers in the various higher education institutions and 
between the university community, science councils and local 
and national government, but relatively weak linkages with 
the private sector. 

FIGURE 4.27: NATIONAL DEPARTMENTAL RESPONSIBILITIES FOR ENVIRONMENTAL RESEARCH
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3. Investment in environmental 
research (climate change 
and conservation)
Current expenditure on environmental R&D as a 
proportion of gross national expenditure is reportedly in 
line with other developing countries (ASSAf 2017: 27):

South African expenditure on climate-change related 
research amounts to around 1.7% of the gross national 
expenditure on research and development … a figure more-
or-less in line with the developed country range …

R&D funding for the environmental sciences is dominated 
by the science council and higher education sectors. 
Overall, funding for environmental sciences R&D has 
been erratic. Spending increased after 2010 but decreased 
significantly after 2014. After 2016, spending almost tripled. 
Despite the erratic nature of this funding, an average 
annual growth rate of 14% for this period (2006/2007 to 
2016/2017) is observed.

FIGURE 4.28: EXPENDITURE ON ENVIRONMENTAL SCIENCES 
(R’000) (2006-2017)

 

Source: Data obtained from the South African National Survey of R&D 
reports (CeSTII 2017, CeSTII 2018)

The R&D funding for the environment (by socio-economic 
objectives) also increased significantly over the past 
decade. This has resulted in a larger proportion of spending 
(from 4.3% to 5.6%) on environment (when compared 
with all other socio-economic objectives). Owing to 
variable funding, the annual average growth rate is only 8% 
(despite the significant increase in absolute terms between 
2006/2007 and 2016/2017).

FIGURE 4.29: R&D FUNDING FOR THE ENVIRONMENT (R’000) 
(2006-2017)

Source: Data obtained from the South African National Survey of R&D 
reports (CeSTII 2017, CeSTII 2018)

From 2011/2012, the HSRC began to record R&D data for 
environment/ environment-related spend. We observe 
a steep increase in expenditure from R1.22 billion in 
2011/2012 to R2.45 billion in 2016/20174 which translates 
into an average annual growth rate of 19.1%. The bulk 
of this funding has come from increased science council 
sector expenditure before 2014 and aided by consistent 
increased higher education sector spending after 
2012/2013. Funding from business and the not-for-profit 
sectors pales in comparison.

FIGURE 4.30: R&D FUNDING FOR THE ENVIRONMENT BY 
SECTOR (R’000) (2011-2017)

 

Source: Data obtained from the South African National Survey of R&D 
reports (CeSTII 2017, CeSTII 2018)

Documentary review data on investment 
in environmental research
Our review of key documents in environmental research 
indicates that there is insufficient investment to support 
decarbonisation. The Academy of Science’s 2014 state of 

4 This is a relatively new measure captured by the R&D survey and 
therefore this is the only period for which data is available.
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energy research study concluded that R&D to support 
decarbonisation is insufficient: “Investments in coal R&D 
are insufficient. Clean coal technologies are not sufficiently 
funded; carbon capture and storage research programmes 
are insufficient” (ASSAf 2014a: 13).

Baker et al. (2015: 8) corroborate this and state that the 
national research expenditure priority remains oriented 
towards the traditional areas of energy research in 
South Africa (petroleum sector, coal-based technologies, 
electricity sector transmission, etc.):

While there have been policy decisions to support the green 
economy, renewable energy, sustainability and related R&D 
as we discuss in this paper, these have not been realised 
and research expenditure in the energy sphere is still largely 
directed towards ‘traditional’ areas in the petroleum sector, 
coal based technologies, and electricity sector transmission 
and reticulation system technologies and nuclear.

Funding for research for the meteorological office is also 
significantly less than in other countries (SAWS 2012: 20):

The percentage of revenue spent for research and 
development in the meteorological office in South Africa 
is substantially smaller than in the other countries. 
Collaborations and sharing in funding further enhances 
research and development in the other countries.

4. Human resources for climate and 
environmental research
Researchers
As far as we could establish, there is no single source 
that provides data on the number of researchers or R&D 
personnel in the fields of climate and environmental research. 
This meant that we had to undertake our own calculations of 
the capacity based on various sources (HEMIS for academic 
staff, annual reports of government departments, parastatal 
bodies and non-governmental organisations [NGOs]). Figure 
4.31 below presents information pertaining to academic staff 
in the field using the same CESM categories as in Table 4.10 
and Table 4.11 on the page opposite..

FIGURE 4.31: NO. OF INSTRUCTIONAL AND RESEARCH 
STAFF AT SOUTH AFRICAN UNIVERSITIES IN CLIMATE AND 
ENVIRONMENTAL SCIENCE (2010-2015)

 

Source: Calculated from HEMIS data
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TABLE 4.9: NO. OF SCIENTISTS, RESEARCHERS AND TECHNICAL SUPPORT STAFF AT CENTRES AND GOVERNMENT DEPARTMENTS 
(MOST RECENT YEAR)

 Research staff 
lecturing at 
universities

Honorary 
research 
associates

Total staff / 
staff members

Scientists 
and engineers

Technical

Applied Centre for Climate and Earth 
Systems Science (ACCESS)

   7  

South African Environmental 
Observation Network (SAEON)

12 10 77   

South African National Space Agency 
(SANSA)

  183 37 60

South African Institute for Aquatic 
biodiversity (SAIAB)

   25  

Southern Ocean Carbon-Climate 
Observatory (SOCCO)

  9   

South African National Antarctic 
Programme (SANAP)

   29  

Department of Environmental Affairs 
(DEA)

   379  

Sources:  SAEON Annual Report 2016/17 (SAEON 2018) 
 Department of Environmental Affairs Annual Report (DEA 2018)
 https://www.access.ac.za/projects-programmes/research/ on 9 April 2019 (Access themes 3 – 7 links are not operational on website)
 SANSA annual report 2017/18
 http://socco.org.za/about/#team on 9 April 2019
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FIGURE 4.32: MASTERS AND DOCTORATE GRADUATES IN 
ENVIRONMENTAL RESEARCH (2010-2016)

 

Source: Calculated from HEMIS data

Student graduates
Our analysis of the HEMIS data shows that there has been a 
significant increase in the number of master’s and doctoral 
graduates since 2010 in climate and environmental sciences. 
The total number almost doubled from 211 in 2010 to 392 in 
2016. This increase is particularly evident in the case of doctoral 
graduates whose numbers increased from 37 in 2010 to 82 in 
2016. In the subsequent tables, we present a breakdown by the 
sub-fields of environmental sciences since 2010.

A comparison between the profiles of master’s and 
doctoral graduates reveals some interesting differences. 
The biggest proportions of master’s (50% in total) and 
PhD graduates (58% in total) are in the environmental 
science and environmental management fields. Ecology, 
evolution, systematics and population biology is another 
significant category accounting for 17% of PhD and 26% of 
master’s graduates. The majority of master’s graduates in 
this category are in conservation biology (39%) and marine 
biology and biological oceanography (29%).

It is noteworthy that South Africa has committed to 
international legally-binding obligations to promote 
scientific, technical and managerial skills to address 
climate change (DEA 2011). It is therefore expected that 
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TABLE 4.10: MASTER’S GRADUATES IN ENVIRONMENT BY CESM SUBFIELDS (2010-2016)

CESM subfield 2010 2011 2012 2013 2014 2015 2016 Total

Environmental/environmental health engineering 0 0 0 0 0 0 0 0

Ocean engineering 0 0 1 4 0 3 0 8

Ecology, evolution, systematics and population biology 56 72 80 66 69 63 44 450

Ecology 3 5 5 3 3 3 2 24

Marine biology and biological oceanography 17 10 25 22 20 18 18 130

Aquatic biology/limnology 0 1 4 6 3 0 4 18

Conservation biology 15 42 35 25 28 21 9 175

Ecology, evolution, systematics and population biology, other 21 14 11 10 15 21 11 103

Atmospheric sciences and meteorology 2 3 15 21 10 12 19 82

Environmental science 38 60 69 58 88 77 97 487

Natural resources and environmental management and policy 56 48 73 41 37 55 60 370

Geology/earth science, general 21 28 27 38 55 50 89 308

Oceanography, chemical and physical 1 3 1 2 1 1 1 10

TOTAL 174 214 266 230 260 261 310 1715

Source: Calculated from HEMIS data

TABLE 4.11: PHD GRADUATES IN ENVIRONMENT BY CESM SUBFIELDS (2010-2016)

CESM subfield 2010 2011 2012 2013 2014 2015 2016 Total

Environmental/environmental health engineering 0 0 0 0 0 0 0 0

Ocean engineering 0 0 0 0 0 0 0 0

Ecology, evolution, systematics and population biology 7 5 5 14 11 9 15 66

Atmospheric sciences and meteorology 4 2 2 3 3 2 1 17

Environmental science 18 5 18 24 19 36 33 153

Natural resources and environmental management and policy 1 5 4 16 20 12 21 79

Geology/earth science, general 7 9 11 2 12 10 9 60

Oceanography, chemical and physical 0 3 5 7 3 2 3 23

TOTAL 37 29 45 66 68 71 82 398

Source: Calculated from HEMIS data 
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this priority should be reflected in increasing numbers of 
postgraduate degrees awarded in related fields. This is 
reflected in the post-2009 numbers of graduates. 

Documentary review data and expert feedback on 
human resources in environmental sciences

The NRF review of the Biodiversity and Environmental 
Sciences Cluster (NRF 2015a) underlines human resource 
constraints in the fields of wildlife health and molecular 
ecology, as well as skilled technical expertise to maintain 
long-term monitoring equipment and manage sophisticated 
research infrastructure:

… lacking the critical mass required to establish a centre 
of competence in fields … particularly in wildlife health and 
molecular ecology. (p16)

Skilled technical expertise to maintain long-term monitoring 
equipment at node sites must be budgeted for as well … 
for a sufficient skilled technical personnel establishment is 
to manage sophisticated research infrastructure in support 
of environmental research. Internal technical capacity in the 
social sciences is also lacking … (p30)

An expert in the field of fisheries and freshwater ecology 
remarks that despite some excellent institutions and 
capable staff, human resource in environmental research 
is lacking:

“In the research sector there are some excellent institutions 
and people that are highly motivated and can provide the 
intellectual capacity to move the sector and knowledge 
economy forward. There are just too few of them.” 
(Environmental expert 1: 2018)

The suggestion is made by an expert in biodiversity to 
place greater emphasis early career support for graduates:

“Another priority is to support internships so that graduates 
get further experience.” (Environmental expert 2: 2018)

5. The knowledge expertise in 
environmental research
In Part Three of this report, we presented the results of 
our positional analysis of the publications in earth sciences5 
for the period 2009 to 2016 in the following graph.

FIGURE 4.35: POSITIONAL ANALYSIS OF SUBFIELDS IN EARTH 
SCIENCES (2009-2016)

 

Source: WoS, CREST

The graph opposite shows how the expertise in this field 
is heavily concentrated in four subfields: ecology (28%), 
geology (19%), water resources (14%), and biodiversity (8%). 
Having said this, it is important to keep in mind that there is a 
fair amount of overlap between the subfields listed below. 

5  The WoS subject category of ‘earth sciences’ is the higher-order 
category that includes most of the climate and environmental sciences sub-
fields and disciplines.

FIGURE 4.33: MASTER’S GRADUATES IN ENVIRONMENT 
(2010-2016)

 

Source: Calculated from HEMIS data

FIGURE 4.34: DOCTORAL GRADUATES IN ENVIRONMENT  
(2010-2016)

Source: Calculated from HEMIS data
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FIGURE 4.36: NO. OF PAPERS IN EARTH SCIENCES IN WOS  
(2000-2016)

 

Source: WoS, CREST

Our second approach to understanding the areas of 
activity and strength presents results where these 
overlaps are deliberately ruled out. The thematic cluster 
analysis technique that was conducted with the OmniViz 
software produces mutually-exclusive clusters. An obvious 
advantage of the thematic clustering approach is the 
disaggregation of the broad field of environmental sciences 
into more circumscribed subfields (see Table 4.12). 
This advantage is clearly illustrated by the ‘climate change’ 
thematic cluster (which is not a standard subfield in the 
WoS) which constitutes 10% of all publications.

Finally, we present the results of our analysis of doctoral 
dissertations in climate and environmental sciences 
submitted at South African universities between 2000 and 
2016. This provides another perspective on the knowledge 
and expertise in the field. A total of 1 936 dissertations 
were identified through our search. The graph below 
shows a steady increase over time, exceeding more than 
200 theses produced annually since 2014.

FIGURE 4.37: DOCTORAL THESES IN CLIMATE AND 
ENVIRONMENTAL RESEARCH (2000-2016)

  

Source: SATD, CREST 6

6 The following keywords were used in searching on both the title and 
abstract fields of the thesis database Keywords used in the search: *ecolog*, 
*biodivers*, *climat*, *conservation*, *ecosystem*, *invasive species*, 
*rainfall*, *vegetation*, *meteor*, *remote sens*, *habitat*, *season*, 
*savanah*, *animal behavio*, *disaster*, *earth obser*, *geograph*, 
*national park*.
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TABLE 4.12: THEMATIC CLUSTERS IN ENVIRONMENTAL RESEARCH

Climate and the 
environment (9077)

Articles Share Keywords

Ecology – Habitat 1 852 20% Habitat, conservation, ecology, spatial, abundance, diversity

Ecology – Biodiversity 1 740 19% Ecosystem, biodiversity, conservation, ecology, marine, diversity, 
biodiversity, protect, protection

Animal Behaviour 1 439 16% Breed, trait, season, reproductive, next, breed, colony, ostrich, 
prey, predator, forage, predation, forage, conservation, island, 
female, species, ecology, abundance

Ecology – Invasive Species 1 157 13% Alien, indigenous, Invasive, native, instrumentation, invasion, 
biology, ecosystem

Climate/Climate Change 921 10% Climate change, climate, adaption, southern Africa, 
climatic, impact, mitigation, rainfall, summer, precipitation, 
seasonal, variability

Ecology – Grassland 882 10% Vegetation, savannah, grass, fire, grassland, tree

Ecology – Species Dispersal 698 8% Dispersal, diversity, ecology, geography

Ecology 284 3% Natural landscape

Ecology – Fire 104 1% Fire, regime, national park
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6. A research agenda
In our final section we summarise – based on our analysis 
of a wide range of reports, reviews and articles, as well as 
expert input – the main research themes and priorities that 
should be put on the agenda of scientists and researchers 
in the field. 

Priority area: Climate change
Priority 1: Monitor and recognise the processes 
driving change

• There is a need for better access to data elucidating the 
shape and effects of climate change (e.g. weather station 
observation, greenhouse gas emissions, climate records, 
high resolution satellite imagery and aspects such as 
hospital intake record). The data produced will be used 
to monitor changes; investigate interactive effects of 
changes in land, air and sea; understand the processes 
driving change; and uncover the rates of past climate 
changes (ASSAf 2017; DAFF 2015b; DEA 2011; DST 
2009; SAWS 2012). 

• The Global Grand Challenge (DST 2009) focusses 
attention on learning from past climate change to identify 
thresholds of irreversibility (‘tipping points’) sufficiently 
ahead of transgressing them and finding ways of avoiding 
these. Linkages between process (such as vegetation 
fires, fossil-fuel burning, or methane production by 
livestock), land-based activities (such as impoundments, 
abstraction, inter-basin transfers and pollution) and 
atmospheric or marine dynamics are to be identified. 
Assessing vegetation types in terms of their influence on 
climate and on carbon storage is a priority.

Priority 2: Integrate and coordinate different 
observation systems and identify best earth 
observation models

• South Africa has (international) legally-binding obligations 
to develop and support research and systematic 
observation organisations, networks and programmes 
(DEA 2011).

• A network of observing stations will undertake 
environment and geospatial monitoring (analysing the 
data collected) that will inform our understanding of the 
nature and dynamics of existing resources (DST 2010). 

• The most relevant and effective earth observation 
models must be identified. New networks that collect 
appropriate data at the right scales are required, and 
the activities of different observation systems must 
be integrated and coordinated (DST 2009). Advanced 
systems analysis and modelling capability are required.

• Establishment of a national observatory for spatial data 
and analysis (PICC 2012), a South African Marine and 
Antarctic Research Facility (DST 2013b), an expanded 
National Terrestrial Environmental Observation 
Network (DST 2013b), a Shallow Marine and Coastal 

Research Infrastructure (DST 2013b), the Natural 
Sciences Collection Facility (DST 2013b), and an 
independent Climate Change Centre (NPC 2012), have 
been proposed.

• Ambient air quality is to be monitored (SAWS 2012). 
Monitoring stations are required in most secondary 
airports (ibid.).

Priority 3: Improve predictive models and forecasting

• Improved data analyses coupled with a deeper 
understanding of the processes that drive climate 
change will be used to improve predictive models and 
forecasting; anticipate effects; predict changes in the 
hydrological cycle; and identify innovations that spur 
and catalyse transitions (ASSAf 2017; DAFF 2015b; DEA 
2011; DST 2009; SAWS 2012). Emphasis is on improving 
model predictions at different scales (DST 2009).

• Improved model predictions require sophisticated 
observation and analysis of the atmospheric, earth and 
the oceans systems, and their interrelated effects, using 
both in situ and remote-sensing technologies (ASSAf 
2017; DAFF 2015b; DST 2009), and on the inter-
relationship between climate change, water resources 
and water security (ASSAf 2017).

• High-resolution earth system models for multiple time 
and space scales are required, as well as forecaster tools 
for data-mining, enhanced visualisation, smart decision 
assistance, and forecaster coordination and collaboration 
(SAWS 2012).

Priority 4: Assess health implications of 
climate change

• Investigate human health implications of climate change 
(linkages between disease and climate change) (DEA 2011). 

Priority 5: Research that will support water, food and 
(plant) fibre security

• Identifying best-suited climate-resistant crops (may 
require genetic modifications) (DAFF 2015b; DEA 2011; 
DST 2010; DST 2013a) and undertaking soil suitability 
studies and investigations of optimum growing areas 
(DAFF 2015b). Improve research into water, nutrient and 
soil conservation technologies and techniques (DEA 2011). 
Identify the ideal harvesting times and best land clearance 
and usage practices (DAFF 2015b; DST 2009). Develop 
drought-resistant seed technology (DAFF 2015b; DEA 
2011). Identify best crop rotation and water harvesting 
strategies (DEA 2011). Optimise environmentally 
sound fertilisation and irrigation practices (climate-wise 
agriculture) (DAFF 2015b; DEA 2011). Address increases 
in pest and disease infestations, and extreme events (e.g. 
hotter fires), and respond with early-warning systems 
(DAFF 2015b). The impact of climate change on the food 
system beyond the farm gate using a systems or value 
chain approach must be assessed (Pereira 2014). 
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• With regard to livestock: determine how changes in rainfall 
and temperature will impact on animal health (considering 
changes in the distribution, competence and abundance 
of vectors and ectoparasites) (DAFF 2015b). Identify 
adaptation strategies that will protect intensive livestock 
production (ibid.). Best management technologies should 
be identified and promoted (ibid.). The vulnerability of 
smallholder livestock farmers in marginal areas are to be 
prioritised (ibid.). Breed heat-tolerant animals (ibid.) that 
are more capable of dealing with biotic and physical stresses 
associated with climate change (DST 2013a).

• With regard to fibre security: Fire mitigation strategies 
required, tree selection and breeding determined to 
adapt to climate change projections, and a knowledge 
management system is to be developed (DAFF 2015b).

• With regard to water: The inter-relationship between 
climate change, water resources and water security 
must be investigated (ASSAf 2017), and how required 
adaptation and mitigation responses can be adopted and 
implemented at a faster rate (Siebrits et al. 2014). 

• The impacts of climate change on artisanal fishing 
communities and livelihoods must be determined 
(DEA 2011).

Priority 6: Identify responses to extreme events

• The Global Change Research Plan identifies the need 
for responses to rapid change and extreme events 
(DST 2009). The Plan emphasises the identification 
of risks of, and responses to, extreme weather events 
(heavy rainfall, flooding, fires, etc.) and the protection of 
vulnerable communities (DST 2009).

• Sustainable urban development and urban resilience 
measures are required (ASSAf 2017; DEA 2011; DEAT 
2008; DST 2009; Siebrits et al. 2014; WRC 2012a). The 
resilience of cities and towns to climate change must be 
assessed (ASSAf 2017). 

• Downscaling climate models to metropolitan and district 
levels in order to improve warning systems (DEA 2011).

Priority 7: Develop lower-carbon and energy-efficient 
technologies, practices and processes

• Research on adaptation, lower-carbon and energy-efficient 
technologies, practices and processes are required (DEA 
2011). This includes renewable energy systems and ‘cleaner’ 
forms of fossil fuel-based energy sources (e.g. clean coal 
technologies) (Baker et al. 2015; DST 2008b; Mintek 2015). 
Specific technologies include low-carbon energy (e.g. wind, 
solar photovoltaics, nuclear and concentrating solar power), 
and new energy storage technologies (Baker et al. 2015).

• The development and application of greenhouse gas 
emission mitigation technologies, practices and processes 
are also underlined (DEA 2011).

• Research to identify technologies, practices 
and processes that lower agricultural emissions 
(DAFF 2015b; DEA 2011).

Priority 8: Monitor and evaluate adaptation and 
mitigation measures

• Monitoring and evaluation of (local and global) adaptation 
actions and mitigation measures (DEA 2011; DEAT 2008; 
DST 2009). Technologies should be tracked and assessed 
to see if they should be widely adopted and/or promoted 
(ASSAf 2017). 

Priority area: Conservation
Priority 9: Undertake environmental and geospatial 
monitoring that can inform our understanding of the 
nature and dynamics of existing resources

• Earth Observation and Monitoring of Africa’s abundant 
natural resources (minerals, and biodiversity and 
associated indigenous knowledge) is required (AU 2014).

• Undertake observation, monitoring and adaptive 
management to inform our understanding of a changing 
planet (DEA 2011; DST 2009). This includes basic 
meteorological, oceanographic, ecosystem, and human 
system variables observations (DEA 2011). The dynamics of 
the oceans around southern Africa, and their interactions 
with complex internal earth systems as well as atmospheric 
systems, must be observed and better understood (DST 
2009). A network of observing stations will undertake 
environment and geospatial monitoring (analysing the data 
collected) that will inform our understanding of the nature 
and dynamics of existing resources (DST 2010). The most 
relevant and effective earth observation models must be 
identified. The activities of different observation systems 
must be integrated and coordinated (DEAT 2008; DST 
2009). An information systems infrastructure that facilitates 
accessibility is required (DST 2009).

Priority 10: Assess costs of land degradation and restoration

• What limits does the ecological capacity of land place on 
land reform (Climate expert: 2018).

• A full (and socially-inclusive) cost accounting of the 
consequences of land degradation and restoration is 
required (Climate expert: 2018).

Priority 11: Minimise environmental impact of 
food production 

• Advanced food production techniques using minimal 
water/land (DAFF 2015b; DST 2010; DST 2009).

• Identify approaches and techniques that can reduce the 
need for chemicals that are harmful to the environment, 
yet are affordable and accessible to farm households in 
Africa (NASAC 2018).

Priority 12: Minimise environmental impact 
of manufacturing

• The emerging industrial bio-economy is expected to bring 
about improvements in the manufacturing sector’s energy 
intensity, water usage, and waste management (DST 2013a).
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Priority 13: Identify best waste minimisation methods 
and technologies

• Identify waste minimisation methods and technologies 
(this includes policy, economic and technological 
solutions) (DST 2009; Muzenda et al. 2012). 

• Increased research required on goods that can be 
recycled (Climate change expert: 2018; DST 2017b; 
DST 2009). 

• New technologies are required to get rid of the solid 
waste that cannot be recycled or diverted from the 
landfills (Climate change expert: 2018).

• Effective mine rehabilitation techniques are required 
that do not require high levels of maintenance (Climate 
change expert: 2018).

• Mintek will seek to minimise mine discharges 
(Mintek 2015).

Priority 14: Determine how ecosystems are managed 
and how to maintain benefits

• Research is required to support the effective 
management of ecosystems and biodiversity 
conservation through coordinated efforts of various 
stakeholders and service providers (DST 2009). 
Research on ecosystems and their services should seek 
to determine how they are managed, implications for 
resident societies, and how the benefits that they offer 
can be maintained (DAFF 2015b; DEA 2011; DEAT 2008; 
DST 2009; WRC 2013; WRC 2012b). 

• Innovations that support conservation (ASSAf 2017; DST 
2009; Mintek 2015) and the development of sustainable 
human settlement infrastructures are required (ASSAf 
2017; DEAT 2008; Siebrits et al. 2014; WRC 2013). 

• New tools for aquatic ecosystem health assessment need 
to be developed (WRC 2016a).

Priority 15: Undertake research in key areas

• Key areas for special research focus in this include 
(DST 2009): 

– Savanna ecosystems (important for carbon storage, 
and sensitive to variation in rainfall); 

– The Southern Ocean (important in shaping the 
greenhouse-gas feedbacks that influence global 
warming and the role of modulating albedo is not 
well understood); 

– Winter rainfall ecosystems (provide models for 
conservation management); and 

– Biodiversity-based economies (how to maximise 
opportunities associated with biodiversity to enhance 
the well-being of all).

Priority 16: Preserve genebanks and germplasm collections

• Genebanks and germplasm collections must be 
maintained and expanded to conserve critically 
endangered species (ARC 2015; DEA 2011).

• Facilitate scientific synergies between national facilities 
(transfer of best practices in bio-banking, genetic 
analysis, biodiversity informatics, (big) data management, 
and archiving/collection management etc.) (NRF 2015a).

Priority 9: Preserve marine and terrestrial biodiversity

• Investigate how local biodiversity can be protected from 
adverse change (DST 2009).

• Undertake research into marine and terrestrial 
biodiversity and institute monitoring (supported by 
experimental studies) to enhance the understanding and 
forecasting of future threats (DEA 2011). 

• Priority-setting for taxonomic research is required to 
address the large indigenous South African plant taxa that 
are still regarded as data deficient (Victor & Smith 2011).

FIGURE 4.38: MAPPING PRIORITIES AGAINST FIELDS OF EXPERTISE IN ENVIRONMENT (OMNIVIZ)

Research on ecosystems and their services. Key areas – 
Savannah ecosystems, the southern oceans, and 
winter-rainfall ecosystems.

Innovations – waste minimisation, conservation, 
the development of sustainable human settlement 
infrastructures, and the effective management of 
ecosystems.

WRC seeks to enhance the understanding of whole-
ecosystem functioning and identify actions that can help 
preserve and rehabilitate.

Optimise environmentally-sound fertilisation and irrigation 
practices.

Data elucidating the shape and effects of climate 
change. The data produced will be used to monitor 
changes; understand the processes driving change; 
uncover the rates of past climate changes; improve 
predictive models and forecasting; anticipate effects; 
investigate interactive effects of changes in land, air and 
sea; and predict changes in the hydrological cycle.

Ecology

Ecology - Species related

Fisheries

Climate Change - precipitation

Climate Change - General

56.2%

21.5%

11.7%

6.2%

4.5%
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7. Concluding assessment
The strategic research area analysed in this chapter – 
climate and environment research – is arguably the most 
diverse of the six areas in this part of the report. We have 
attempted to bring together under one ‘heading’ disciplines 
and fields that span a vast range of research activities. 
This is also reflected in our brief overview of the history 
of research performing institutions in this field as well as 
our overview of the institutional landscape. As indicated 
in the opening paragraphs of this section, this is a direct 
consequence of the biodiversity and geographic advantage 
of South Africa in this field. South Africa is a relatively 
large (1.2 million km2), topographically and climatically 
varied country, with a wide variety of ecosystems. 
These include savannas, grasslands, arid shrublands, 
Mediterranean shrublands, deserts and forests, perennial, 
seasonal and ephemeral rivers, estuaries, and coastal 
and marine environments, including those of offshore 
islands. South Africa is one of the world’s ‘megadiversity 
countries’. It occupies only 2% of the world’s land area, 
but is home to nearly 10% of its plants and 7% of its 
reptiles, birds and mammals. South Africa’s geographic 
advantage is demonstrated by its position at the tip of the 
African continent, adjacent to the Indian, South Atlantic 
and Southern Oceans, which influence global weather 
patterns and atmospheric greenhouse gas concentrations 
in unique ways.

It is therefore not surprising that the institutional landscape 
(or knowledge infrastructure) mirrors these realities 
with research being undertaken at various university 
departments, CoEs and research chairs, at science 
councils and national facilities as well as government-
based departments and centres. Our analysis shows that 
public spending on environmental research has increased 
steadily after 2010 – initially because of increased spend 
at the science councils, but more significantly because 
of the steady and sustained increase in funding in the 
higher education sector. The latter is clearly illustrated 
by the increase in NRF-support for the universities in this 
field. Since the introduction of the SARChI initiative in 
2002 and the Centre of Excellence (CoE) programme in 
2005, this field has either directly or indirectly benefitted 
through NRF funding of five CoEs and more than 
35 research chairs.

Because of the absence of direct counting of numbers 
of researchers and research personnel in this inter-
disciplinary area, we were forced to make some calculated 
estimates of the human resource capacity in climate and 
environment research. These calculations showed that 
the academic capacity in the field has remained basically 
unchanged, around 400 academics since 2010. However, a 
more positive result was obtained as far as post-graduate 
students are concerned with steady increases in both 
master’s and doctoral graduates. The latter increases are 
confirmed by our analyses of doctoral dissertations which 
increased from 44 in 2000 to more than 220 in 2016.

The knowledge expertise in climate and environmental 
research, as reflected in our analysis of scientific 
publications, continues to be located in the traditionally 
strong knowledge areas of ecology and environmental 
sciences. But the thematic cluster analysis also shows 
pockets of strength in areas such as research on invasive 
species (13%) and climate change (10% of all papers).

The ‘research agenda’ that is emerging from our analysis of 
research priorities identified in various policy and strategy 
documents, as well as through individual expert feedback, 
combines traditional priorities for further research on 
ecosystems, oceanography, invasive species, conservations 
and the like. What is noteworthy are the inclusion of ‘new’ 
priorities that are related to the grand challenges identified 
in the Ten-Year Innovation Plan of 2008 on global (climate) 
change, energy security and the bio-economy. Many of 
the priorities identified in national and sector-specific 
policies and strategies refer to inter-disciplinary research 
on the interface between, for example, health and climate 
change, the impact of manufacturing on the environment, 
the need for better predictive models and forecasting 
techniques about climate change and our response and 
resilience to disasters. Many of the policy documents (as 
clearly illustrated in the MARS) therefore emphasise the 
increasing need for more co-ordination of the very diverse 
research strands under this strategic research area.
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Educational research
1. Introduction
The origins of institutionalised educational research in 
South Africa can be traced back to the establishment of 
the National Bureau for Educational and Social Research 
in 1929 under the Union Department of Education. The 
establishment of the Bureau was the direct result of a 
proposal made by Dr Ernest Gideon Malherbe to the then 
Minister of Education, Dr D.F. Malan. Malherbe, a graduate 
from UCT, studied at Columbia University in New York in 
the early 1920s. According to Fleisch (1993, 1995), it was 
here that he developed the concept of a national education 
research bureau (Fleisch 1995: 352-353):

He was influenced by research and policy trends in the 
United States. When he compared the policy process in the 
United States to the one back home, he found the South 
African policy making process to be fundamentally flawed. 
South Africa’s policy formulating bodies, commissions of 
inquiries, he argued, often took years to complete their 
work and then only published unreadable reports. There 
were added delays between the time the commissions 
made recommendations and the period it took to translate 
them into laws to remedy the original crisis. In Malherbe’s 
view, the commission system was ‘wasteful and extremely 
unsatisfactory for real educational progress’. What 
South Africa needed, Malherbe believed, was a genuinely 
‘scientific’ approach to social policy making. ‘What we want 
is action, not mere sporadic outbursts … sustained action 
based on scientific methods and principles … finding the 
best possible way of doing a thing and then doing it that 
way.’ Only a national research institute would have the 
capacity to conduct this action oriented research.

The function of the Bureau was, as Malherbe had laid out in 
his 1921 letter, to collect and publish educational statistics, 
liaise with international organisations, and conduct 
educational research. Due to the onset of the Depression, 
the Bureau was established in name only, as no new funds 
were earmarked for it. For the first two years as head, 
Malherbe’s salary was effectively subsidised by the Carnegie 
Corporation. Little in the way of independent research was 
conducted during these years. Much of Malherbe’s time 
was spent coordinating the collection of statistics from the 
provincial education departments and completing the work 
on the Poor White Commission. 

The advent of the Second World War meant a temporary 
cessation of activities, but these were resumed in 1945 
with Dr P.A.W. Cook as Director. The Bureau gradually 
grew: with a small staff of only eight staff members in the 
early 1950s, its numbers had increased to more than 200 
(with 112 researchers) when the HSRC was established 
in 1969. The work of the Bureau was organised in five 

departments: education, social, psychological research and 
services, a library, and a film archive. These departments 
were later augmented by additional units for labour 
research and statistics, certification services, and so 
on. Educational research at the HSRC in the 1970s and 
1980s expanded significantly, and especially in the fields 
of educational testing (edumetrics), with large teams 
of researchers devoted to developing and validating 
psychological tests for application in industry and the work 
place. The HSRC also invested hugely in the development 
of a register of graduates and regular surveys of the highly 
skilled work force. In response to the Soweto uprising of 
1976, Prof J.P. de Lange, then Rector at the Rand Afrikaans 
University, was appointed to lead a national study into 
education in the country. The main report of this study 
(The Provision of Education in South Africa) was released 
in 1981. It was seen by some commentators at the time 
as one of the more progressive studies that the HSRC 
had undertaken.

As the resistance to the apartheid government increased 
during the 1970s and 1980s, universities in the country 
responded (among others) with the establishment of 
many ‘oppositional’ and ‘social critical’ research centres 
(Mouton, 1995). A significant number of such ‘oppositional 
centres’ were established in the early and late 1970s, 
including the Institute for Black Research (University of 
Natal, 1972), the History Research Group (Wits, 1972), 
the Institute of Criminology (UCT, 1997), and the Centre 
for Applied Legal Studies (Wits, 1978). Many centres 
were created with the specific intention of playing a 
critical role in opposing apartheid policies and practice. 
This was done through research, but also through more 
direct ‘interventionist’ or ‘participatory’ strategies, such as 
training programmes and materials development. 

Some of the best examples are found in the field of 
education, particularly the group of education policy units. 
The Education Policy Units (EPU) were all established 
between 1987 and the early 1990s. The first EPU was 
established at the University of the Witwatersrand after 
consultations with the National Education Coordinating 
Committee (NECC) and other community-based 
organisations during 1986, when opposition to the apartheid 
regime was at its strongest. The need was felt for research 
units to formulate educational policy for a new democratic 
society and in opposition to the existing policies. The Wits 
EPU was established early in 1987 with Johan Muller as its 
first director, followed by the EPU at the University of Natal 
(headed by Sandy Lazarus) later that same year. 

Another example in the field of education was the Centre 
of Adult and Continuing Education (CACE) which was 
established in 1985 at UWC. Its mission states that it 
works “within the anti-apartheid struggle and a radical 
adult education paradigm” (Mouton & Waast 2000.) CACE 
was, and remains, primarily involved in adult education 
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courses with a specific focus on training blacks and women. 
Its methodological preference for action research and 
its support for feminist paradigms are indications of its 
‘anti-establishment’ philosophy. 

In our discussion of the institutional landscape of 
educational research below, we will see how the 
historical development of the field is reflected in the 
current situation.

2. The institutional landscape
Educational research in South Africa has traditionally 
been located at three main sites: research conducted in 
university-based research units and academic departments 
(across many faculties); a small number of educational 
NGOs; and science councils, primarily divisions of the 
HSRC dedicated to such research. As Henning (2017) 
notes, the South African educational research community 
also includes monitoring and evaluation consultancies; 
practitioners at schools and in the business community; 
and education departments, nationally and in the provinces.

Educational research at South African 
universities
The results of an analysis of the research-performing 
institutions in educational research (based on SAK) in 
Table 4.13 shows how university academics and researchers 
dominate scientific publications in the field.

TABLE 4.13: PUBLICATIONS BY UNIVERSITY VS OTHER 
INSTITUTES IN EDUCATION RESEARCH

Local higher 
education 
institutions

Count Other Count

University of 
Cape Town

486
(16.0%)

Human Sciences 
Research Council

65
(2.1%)

University of the 
Witwatersrand

338
(11.1%)

KwaZulu-
Natal Provincial 
Government

22
(0.7%)

University of 
KwaZulu-Natal

270
(8.9%)

South African Medical 
Research Council

21
(0.7%)

University  
of Pretoria

265
(8.7%)

Department of Science 
and Technology

18
(0.6%)

Stellenbosch 
University

247
(8.1%)

Tygerberg Hospital 10
(0.3%)

University of 
Johannesburg

210
(6.9%)

Johannesburg Zoo 6
(0.2%)

University of 
South Africa

184
(6.0%)

Western Cape 
Provincial Government

6
(0.2%)

North West 
University

168
(5.5%)

Council for Scientific 
and Industrial Research

4
(0.1%)

University of the 
Western Cape

154
(5.1%)

Kimberley 
Hospital Complex

4
(0.1%)

University of the 
Free State

130
(4.3%)

SGS South Africa 4
(0.1%)

Rhodes  
University

112
(3.7%)

Monash  
South Africa

3
(0.1%)

Source: WoS, CREST

Government 
departments

Science 
councils

Department of Higher 
Education and Training

• Sector Education and 
Training Authority 
(SETA)

• National Skills 
Fund (NSF)

HSRC
• Education and skills

Universities Joint Education Trust 

Equal Education

Centre for Education 
Policy Development

Centre for 
Development and 

Enterprise

Centre for Higher 
Education Trust

Department  
of Labour

Universities of 
Technology

Technical and 

Department of Basic 
Education

Vocational Education 
and Training – Colleges

Higher 
education

NGOs

FIGURE 4.39: SECTOR MAP: INSTITUTIONS RESPONSIBLE FOR EDUCATION
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One of the reasons for the dominance of the university 
sector is to be found in the establishment of a large 
number of SARChI Chairs in education over the 
past decade.

FIGURE 4.40: SARCHI CHAIRS AT SOUTH AFRICAN 
UNIVERSITIES CONDUCTING EDUCATION RESEARCH

Cape Peninsula 
University of 

Technology

• Teacher Education Work 
Integrated Learning

Mangosuthu 
University of 

Technology

• Sustainable Work, Education, 
Environment and Transformation

Rhodes 
University

• Intellectualisation of African Languages, 
Multilingualism and Education 

• Mathematics Education 

• Numeracy Education

Stellenbosch 
University • Economics of Social Policy

University of 
the Free State

• Higher Education and 
Human Development 

University of 
KwaZulu-Natal

• Gender and Childhood Sexuality: 
Violence, Inequality and Schooling

University of 
Johannesburg

• Education and Care in Childhood

• Intergrated Studies of Learning 
Language, Mathematics and Science in 
Primary Schools

• Post-School Education and Training

University of 
South Africa

• Development Education 

• Law Society and Technology

University of the 
Western Cape

• Mathematics Education

• Post-School Education and Training

University of the 
Witwatersrand

• Mathematics Education 

• Numeracy Education

• Post-School Education and Training

Source: Based on list obtained from NRF on 20 February 2019

In addition to the SARChI Chairs, Table 4.14 lists the main 
research units and centres at universities.

Regarding the state of educational research in South 
Africa, the most extensive survey (although it is now 
somewhat dated) is the NRF report published in 2009 
(Deacon, Osman & Buchler 2009). In terms of educational 
sector researched, formal schooling was found to be, by 
far, the greatest single focus of such research, with the 
higher education sector in second place. Notably, these 
were the education sectors identified by government 
as areas of concern in the first decade after apartheid. 
A relatively large percentage of research focussed on 
teacher education, while early childhood development, 
further education and training, adult education, and special 
education, made up the remainder in small proportions.

Balfour, Moletsane and Karlsson (2011) reported similar 
results from their analysis of postgraduate theses and 
dissertations produced in the first decade after apartheid; 
that is, that schooling and tertiary education received 
significant attention. Fields such as adult basic education 
and training, and early childhood education were, by 
comparison, peripheral concerns (Rule 2011). Rule argues 
that the paucity of (doctoral) research on these two 
topics underlines their marginality in the South African 
education system in terms of resource allocation and 
public attention. The fact that there has not yet been a 
more sustained engagement with these new areas of work, 
in turn contributes to the perception that postgraduate 
research has little impact on education in South Africa 
(Balfour et al. 2011). 

Another relevant trend in postgraduate research on 
education during the first decade after apartheid is a 
focus away from broader questions of democracy/power 
towards research issues that are more context-specific 
and oriented to implementation, such as legislation 
and institutional organisation and practice. Wolhuter’s 
(2015) analysis of doctoral education dissertations 
produced in 2008 shows that this pragmatic or practice-
based orientation of education research in South Africa 
continued. He concludes that the foci of study of fields 
such as organisation and management of education, 
and teaching of specific subjects, reflect concerns that 
are to be found ‘at the coalface’ of everyday school and 
classroom life.

Government and parastatals
There are a few sites within the Departments of Basic 
Education and DHET where educational research are being 
conducted. These research efforts are typically linked to 
the development of policy and strategy and the monitoring 
of and evaluation of such strategies and plans. A more 
dedicated research unit within the government sector with 
a specific focus on school performances is NEEDU.

The National Education Evaluation and Development 
Unit (NEEDU) is designed as an evaluation and 
development institution which is independent of that 
part of the civil service responsible for the administration 
of schools. The need for a facility of this kind was 
first formally articulated in a resolution passed at the 
Polokwane conference of the African National Congress 
(ANC) in December 2007. The institution was established 
following the general election of 2009. Guided by the 
draft legislative framework, NEEDU adopted an evaluative 
approach to school assessment (why the school performs 
as it does and how it could improve), rather than to 
undertake monitoring of schools (how good the school is). 
The purpose of the evaluation work of NEEDU is to 
identify common practices in typical schools. In 2016, 
NEEDU completed its first five-year cycle of systemic 
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evaluations identifying, on a system-wide basis at school, 
district and provincial levels, the factors that inhibit or 
advance school improvement. 

Educational research at the HSRC is currently conducted 
within the Department of Education and Skills 
Development. The research goal of the latter is to 
contribute to the development of educated, skilled and 
capable South Africans to promote human development 
and support an inclusive economic growth path. To this 
end, the research enables an improved quality of education 
and a skilled workforce, free from inequalities. A set of 
transversal themes lend coherence to the programme, 
including: education and training for development, with 
an emphasis on understanding how contexts, policies, 
institutions and systems shape and distribute educational 
and training opportunities; ensuring equitable access for 
individuals to basic, intermediate and high-level learning 
and skills; skills and capability development in educational 
institutions and firms in the context of changing 
technological opportunities and a knowledge-based 
economy; and transitions through education and from 
education to the world of work. 

This unit also houses the South African component of the 
TIMSS (Trends in International Mathematics and Science) 

study which has been assessing mathematics and science 
achievement among Grade 8 and 9 learners since 1995. 
TIMSS is a cross-national assessment of the mathematics 
and science levels of learners from the various participating 
countries. TIMSS was developed by the International 
Association for the Evaluation of Educational Achievement 
to allow participating nations to compare learner 
educational achievement across borders. TIMSS was first 
administered in South Africa in 1995 and has continued to 
be administered in 1999, 2003, 2011 and 2015. Around 12 
500 learners and 330 mathematics and science teachers 
from 292 schools participated in the study. The HSRC 
analysed South African performance, in TIMSS 2015 at the 
Grade 9 level, relative to other countries and examined the 
trends in mathematics and science achievement from 2003 
to 2015. These results are important to track educational 
progress and the health of the education sector, and to 
identify interventions that need to be put in place to 
ensure improvements.

The Labour Market Intelligence Partnership (LMIP), 
officially launched at the HSRC on 4 September 2012, is 
a partnership with DHET. The first major LMIP report 
was released in September 2016. The Partnership aims 
to be the basis for excellence in education and skills and 
a growing economy for all. It aims to set up systems for 

TABLE 4.14: RESEARCH CENTRES AT SOUTH AFRICAN UNIVERSITIES SPECIALISING IN EDUCATION

Research centre University Specialisation

Action Research Unit (ARU) NMU Education; higher education; school improvement

Centre for Education Practice Research (CEPR) UJ Childhood education; mathematics and science learning

Centre for Researching Education and Labour (REAL) WITS Schooling and adult education; curriculum processes; finance and 
governance and management of education; impact of policy on 
equity and quality; social dynamics of race, class and gender in 
policy-making

Centre for Education Rights and Transformation (CERT) UJ Quality education; educational processes; learning environments

Education and Human Rights in Diversity (Edu-HRight) NWU Education; human rights; social justice

Centre for Higher Education and Capabilities 
Research (CHECaR)

UFS Higher education; human development values; human capabilities

Centre for Integrated Post-School Education 
and Training (CIPSET)

NMU University civic agency and engagement; FET educators and adult 
and community educators; socio-economic mapping; curriculum 
development, innovation and articulation; research capacity; 
community education programmes

Centre for Researching Education and Labour (REAL) WITS The politics, practices, and policies of the post-school sector

Education Leadership (Edu-Lead) NWU Education leadership and management

Early Childhood Development (ECD) Centre of Excellence UFH Education; early childhood development

Environmental Education Programme (EEPUS) SU Environmental education; curriculum development; resource development

Environmental Learning Research Centre (ELRC) RHODES Environmental education

Nelson Mandela Institute for Education and Rural 
Development (NMI)

UFH Education crisis in rural Africa

Research Unit for Mathematics Education (RUMEUS) SU Mathematical thinking; computational thinking; algebraic thinking; 
curriculum development; classroom practice

Schools Development Unit (SDU) UCT Language education; life skills education; mathematics education; 
science education; information technology education; school 
management and governance; school sector; educator development
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reliable data indicating skills needs, supply and demand in 
our labour market, allowing South Africa to plan better 
for human resources development. It focusses on creating 
a credible labour market intelligence framework to ensure 
better information gathering, analysis, and overall systems 
synergy. The LMIP project will provide information that is 
crucial to all post-school systems and to all sections of the 
labour market itself. The research on the LMIP has been 
organised in terms of the following six themes: labour 
market analysis, framework, data, and information systems; 
skills forecasting: the supply and demand model; selected 
sectoral analyses; reconfiguring the post-school sector; 
pathways through education and training and into the 
labour market; and understanding changing artisanal and 
occupational identities and milieus.

Educational NGOs
A small number of NGOs in the field of education have 
consistently conducted educational and schools research. 
The most prominent of these is the Joint Education Trust 
(JET) which was established in 1992. JET was set up by 
a partnership of leaders from South Africa’s corporate 
world, from the country’s major political parties, the trade 
unions and representative organisations of black business. 
Over a period of close to 10 years, the R500 million 
committed to the JET was disbursed in grants to more 
than 400 service providers in five focus areas: early 
childhood development; adult basic education and training; 
vocational and further education; in-service teacher 
training and development; and youth development.

In 2009, JET became known as ‘JET Education Services’, 
a public benefit organisation which conducts research 
that informs programme conceptualisation, design and 
implementation in the sectors of school improvement and 
workforce development. 

Another NGO of some prominence in the area of education 
is the Centre for Education Policy Development (CEPD). 
It was established in 1993 on the initiative of the mass 
democratic movement in order to start developing education 
policy for a democratic South Africa. These policies were 
aimed at promoting the principles of non-racism, equity, 
democracy, quality education and lifelong learning. These 
efforts culminated in the ANC’s Policy Framework for 
Education and Training published in its first edition in early 
1994, just months before the first democratic elections. 
Produced by the CEPD under its first director, Dr Trevor 
Coombe, this important document drew on the work of 
over 300 researchers, academics and practitioners, and 
fed largely into the new government’s first White Paper on 
Education and Training. More recently, CEPD was a member 
of the Education Policy Consortium which undertook a large-
scale, five-year research project titled: “Building a progressive 
network of critical research and public engagement: towards 
a democratic post-school sector”. 

The Centre for Development and Enterprise (CDE) is 
an independent policy research and advocacy organisation. 
It is one of South Africa’s leading development think-
tanks, focusing on critical development issues and 
their relationship to economic growth and democratic 
consolidation. Through examining South African realities 
and international experience, CDE formulates practical 
policy proposals outlining ways in which South Africa 
can tackle major social and economic challenges. CDE 
has a special focus on the role of business and markets 
in development. Established in 1995 with core funding 
from South African businesses, CDE has rapidly gained 
recognition as an authoritative voice in economic and social 
development policy, and is now ‘read and heard’ at the very 
highest levels of government, including the cabinet.

Equal Education (EE) was established in 2008 as a 
community and membership-based organisation. It 
advocates for quality and equality in the South African 
education system and engages in evidence-based activism 
for improving the nation’s schools. It is a leader in youth 
leadership development. Equal Education’s campaigns, 
based on detailed research and policy analysis, are aimed 
at achieving quality education for all. Equal Education is a 
movement of learners, parents, teachers and community 
members working for quality and equality in South African 
education, through analysis and activism.

In the field of higher education, the Centre for Higher 
Education and Transformation (CHET, later renamed the 
Centre for Higher Education Trust), has been the most 
prominent and influential NGO in higher educational 
policy studies in the country. Established in 2006, the 
Centre has since been rendered dormant at the end of 
2018. During its 23 year existence, CHET’s research areas 
included differentiation, higher education and democracy 
and development, governance, knowledge production, and 
performance indicators. The work of CHET is currently 
being continued in a similarly named chair in higher 
education transformation housed at CREST (SU).

3. Investment in educational research
Expenditure on R&D for education and training between 
2006/2007 and 2012/2013 stagnated but has since then 
increased markedly. According to the R&D surveys, 
expenditure on R&D for education and training increased 
substantially from R418 million in 2006/2007 to R1.6 billion 
in 2015/2016. This translates into a compound average 
annual growth rate of 15.9%. The majority of this funding is 
conducted in the higher education sector.

Expenditure on science and technology activities by the 
national education departments between 2012 and 2018 
also exhibit a steady increase. 
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FIGURE 4.41: INVESTMENT IN EDUCATION AND TRAINING 
(R’000) (2006-2017)

Source: Data obtained from the South African National Survey of R&D 
reports (CeSTII 2017, CeSTII 2018)

FIGURE 4.42: EXPENDITURE ON SCIENCE AND TECHNOLOGY 
ACTIVITIES BY NATIONAL EDUCATION DEPARTMENTS (R’000) 
(2011-2018)

 

Source: DST (2016a)

In an article published in 2014 Pouris & Inglesi-Lotz 
commented critically on the fact that South Africa’s higher 
education R&D intensity of 0.18% of GDP in 2008 was 
well below half of the OECD intensity (Pouris & Inglesi-
Lotz 2014). This has since increased to 0.27% in 2017 
(CeSTII 2018) but remains lower than the higher education 
sector’s R&D intensity as a percentage of GDP for the 
OECD countries in total (0.41%)7. The latter has recorded 
less of an increase since 2008 (0.39%). 

7  Statistic from OECD.Stat as viewed on 12 April 2019

research in the field. The second component of the human 
resource base refers to the next generation of scientists 
and researchers in the field. For this, we analysed the 
academic pipeline (specifically, doctoral enrolments and 
graduates) over the past 17 years.

Calculations of the HEMIS data for the past 17 years show 
that there has been a steady increase in the number of 
academic staff in the field of education at South African 
universities. As a rough estimate (based on the assumption 
that staff devote 20% of their time to research), the 
number of FTE researchers in the higher education sector 
in 2016 would be around 340.

FIGURE 4.43: NO. OF INSTRUCTIONAL AND RESEARCH STAFF 
IN EDUCATION AT SOUTH AFRICAN UNIVERSITIES (2000-2016)

 

Source: Calculated from HEMIS data

Investigating the various websites and annual reports of 
the HSRC’s ESD, the NEEDU, EE and CDE, an estimate of 
the number of headcount researchers at these institutions 
could be obtained. In total, 155 staff are listed, with 27 
having research explicitly stated in their department 
profile, or having a job titled as either research specialist, 
research fellow, post-doctoral fellow, research assistant, 
research director, researcher, senior research manager, 
senior research specialist, or researcher. We acknowledge 
that other personnel could also be involved with research 
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Between 2000 and 2016, the total number of PhD and 
master’s graduates in the field of education increased from 
669 to 917. The increasing proportion of doctoral graduates 
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and career advancement. Small proportions of these 
graduates would eventually find employment in academic or 
research-related positions in the sector.
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performance and representation of black students. The 
composition of higher education staff is also still racially 
skewed (DHET 2014a). The DST annual performance 
plan has emphasised that the representation of the racial 
demographics of postgraduate students and emerging 
researcher cohorts must be improved (DST 2017a).

The DST review of the South African STII landscape 
indicates that the higher education system contains an 
insufficient number of academics and qualified technical 
support staff (instrument scientists and technical 
specialists) to grow postgraduate numbers and enhance 
research output (DST 2017b). The White Paper states that 
lecturers in the college system lack skills and occupational 
qualifications, as well as industry experience and contacts 
(DHET 2013). 

5. The knowledge expertise in 
educational research
In order to gain a proper understanding of the extent of 
the knowledge expertise base in educational research in 
South Africa, we cannot – as far as research publications 
are concerned – limit our analysis to South Africa’s articles 
published in the WoS. We indicated in Part Three of 
this report that the vast majority of journal articles in 
education are published in local South African journals. It 
is therefore imperative that we use SAK (which includes 
all local journals accredited by the DHET) in our analyses. 
A comparison between the article counts in these two 
databases shows how skewed any analysis is that excludes 
SAK. The number of educational papers in the WoS for the 
period 2005 to 2016 sums to 2 734 unique articles. For the 
same period, the number of papers captured in SAK 
sums to 6 028. The disaggregation by year (Figure 4.46) 
shows that the publications in local journals (which also 
includes the WoS papers), is more than double that when 
compared to output in the WoS only.

FIGURE 4.46: COMPARING SOUTH AFRICA’S EDUCATIONAL 
RESEARCH PAPERS IN THE WOS AND SAK (2005-2016)

 

FIGURE 4.44: RESEARCH STAFF AT EDUCATION NGOS

 

Sources: http://www.hsrc.ac.za/en/departments/education-and-skills-
development/our-team; https://www.education.gov.za/Portals/0/
Documents/Publications/NEEDU%20Staff.pdf?ver=2015-03-20-100258-323 
https://www.cde.org.za/about-us/people/staff/ 

FIGURE 4.45: MASTER’S AND DOCTORAL GRADUATES IN 
EDUCATION (2000-2016)

 

Source: Calculated from HEMIS data
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The papers referenced above appeared in 302 unique 
journals. However, the vast majority (80%) appeared in the 
37 journals listed below. In fact, seven journals accounted 
for nearly half of all the articles. Of these seven, five are 
South African journals, and one – the International Journal 
of Education Sciences – has been identified as a predatory 
journal (Mouton and Valentine, 2017). 

TABLE 4.15: SOUTH AFRICA’S EDUCATIONAL RESEARCH 
ARTICLES IN SAK, DISAGGREGATED BY JOURNAL (2005-2017)

Source Articles Cumulative 
share

South African Journal of Higher Education 1 133 16.4%

South African Journal of Education 508 23.7%

International Journal of Educational Sciences 506 31.0%

Perspectives in Education 396 36.8%

Africa Education Review 321 41.4%

Education As Change 277 45.4%

Journal of Educational Studies 263 49.2%

African Journal of Research in Mathematics, 
Science and Technology Education 

247 52.8%

Journal of Education 211 55.8%

SAALT: Journal for Language Teaching 198 58.7%

African Journal of Health 
Professions Education

164 61.1%

Progressio: South African Journal for Open 
and Distance Learning Practice

161 63.4%

Southern African Review of Education 106 64.9%

South African Journal of Childhood 
Education

101 66.4%

International Journal of Educational 
Development

80 67.6%

Teaching in Higher Education 77 68.7%

South African Medical Journal 72 69.7%

Higher Education 65 70.6%

Studies in Higher Education 52 71.4%

Yesterday and Today 50 72.1%

Medical Teacher 46 72.8%

Journal of Higher Education in Africa 43 73.4%

BMC Medical Education 41 74.0%

Industry and Higher Education 41 74.6%

Higher Education Research and Development 36 75.1%

International Review of Research in Open 
and Distance Learning

36 75.6%

Reading and Writing 36 76.2%

Gender and Education 35 76.7%

British Journal of Educational Technology 35 77.2%

International Journal of Science Education 32 77.6%

Educational Management Administration 
and Leadership

31 78.1%

Teaching and Teacher Education 30 78.5%

Eurasia Journal of Mathematics Science 
and Technology Education

29 78.9%

Source Articles Cumulative 
share

Computers and Education 29 79.4%

Journal of Chemical Education 25 79.7%

Innovations in Education and Teaching 
International

24 80.1%

The graph below presents a breakdown of the papers by 
university. We have only included those universities that 
have produced at least 200 papers between 2005 and 2017.

FIGURE 4.47: SOUTH AFRICA’S EDUCATIONAL RESEARCH 
PAPERS DISAGGREGATED BY UNIVERSITY (2005-2016)

 

Source: SAK, CREST

Although research publication output in educational 
research is, to some extent, dominated by the ‘big five’ 
(UNISA, UKZN, UCT, UP and SU), which together 
account for 55% of all papers, it is still interesting that most 
of the other universities contribute substantial shares of 
output in the country.
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the field. Doctoral theses often reflect – more so than 
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specialisations of the supervisor as well as the doctoral 
candidate. And, many of these doctoral graduates move 
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transfer and apply their knowledge gained through their 
doctoral studies. A total of 2 871 dissertations were 
identified through our search. Figure 4.48  shows
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education*, *literacy*, *environmental education*, *higher education*, 
*universit*, *curriculum*, *learner* and *educat*
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a steady increase over time, with on average of more than 
200 theses produced annually since 2012.

FIGURE 4.48: SOUTH AFRICA’S EDUCATIONAL DOCTORAL 
THESES (2000-2016)

 

Source: SATD, CREST

6. A research agenda
In our final section we summarise – based on our analysis 
of a wide range of reports, reviews and articles, as well as 
expert input – the main research themes and priorities that 
should be put on the agenda of scientists and researchers 
in the field. 

Priority 1: Undertake a review of the SETA landscape, 
the National Skills Development Strategy, and other 
national initiatives

Primary and secondary education:

• The Mathematics, Science and Technology (MST) 
Framework to support provinces in improving learner 
performance in mathematics, science and technology 
subjects is to be reviewed (DBE 2016). 

Post-school education:

• The SETA landscape and the National Skills Development 
Strategy should be reviewed (DHET 2017). 

Priority 2: Monitor and evaluate the effectiveness 
of institutions, the training system, as well as 
policies implemented

Post-school education:

• Policy evaluation is required (DHET 2014a).

• DHET is to build the necessary capacity for effective 
monitoring, evaluation and support to the entire skills 
development system and its institutions (DHET 2012). 

• Areas for investigation include Higher Education 
Institutions (HEIs)/TVET colleges; governance and 
management evaluations; staffing requirements analysis; 
and curriculum evaluations (DHET 2014a). Areas to be 
monitored and evaluated include the annual performance 
of all 26 universities as well as the use of foundation and 
teaching development grants (DHET 2017). 

• Monitor the impact of government’s investment in doctoral 
training (DST 2017a), and produce 13 annual oversight 
reports on the financial health of the sector (DHET 2016).

• The impact of South African higher education 
scholarships should be assessed (Wolhuter 2014). 

• Data on private post-school institutions needs to 
be coordinated and centralised so that systems 
are developed that ensure the provision of reliable 
information (DHET 2013).

• A careful analysis is needed of all further education and 
training colleges, as well as the stronger public adult 
learning centres and colleges that fall under departments 
other than DHET. Such an analysis should support 
the recommendation of a highly differentiated system 
which could prevent unrealistic expectations on these 
institutions (NDP 2011: 287).

• There should be external assessment for all national 
qualifications. The state should continue to assess the 
National Certificate Vocation and NATED courses, 
as well as the courses that replace NATED. The state 
must also take responsibility for assessing the National 
Senior Certificate for adults, and the Further Certificate 
Vocation. Quality councils should provide quality 
assurance for this assessment, and accredit assessment 
bodies where appropriate (NDP 2011: 288).

• A common policy framework should be developed on 
the critical role of science and technology and higher 
education in shaping society, the future of the nation 
and the growth path. This should be done with the 
involvement of the Departments of Higher Education, 
Science and Technology, Trade and Industry, Public 
Enterprises, Treasury and Economic Development 
(NDP 2011: 289). The national system of innovation, 
the higher and further education system, SOEs and 
private industries should create a common overarching 
framework to address pressing challenges (ibid.).

• The quality assurance framework will need to be 
reviewed in light of an expanded and diversified system. 
The Higher Education Quality Committee should 
develop and manage a core set of quality indicators for 
the higher education system (ibid.: 292).

• A differentiated system guided by evidence-based planning 
and performance monitoring will require maintaining and 
strengthening the current higher education management 
information system, and the additional capacity to 
analyse national trends and changes between and among 
institutions and institutional groups (ibid.).

Priority 3: Investigate appropriateness of and identify 
ways to strengthen teaching, curricula and pass 
requirements

Early childhood development:

• There will need to be research and experimentation 
on different delivery models within the early childhood 
development sector, together with training programmes 
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for early childhood development practitioners to lay the 
foundations on which to implement the targeted actions 
(NDP 2011: 293).

Primary and secondary education:

• The extent and implications of the wide variations and 
disparities between and within foundation phase teacher 
education programmes must be investigated (Deacon 2016).

• Appropriateness of various subjects and pass 
requirements should be investigated (DBE 2016). 
Investigate whether foundation phase teaching in African 
language equates with lower quality education (ibid.).

• Ways to strengthen curricula, including improving insight 
into the most important bodies of knowledge to be 
taught at different levels, and how to make these bodies 
of knowledge accessible to learners at all levels, must be 
investigated (Allais 2012).

• Teacher training needs must be identified (role of South 
African Agency for Science and Technology [SAASTA] 
emphasised in this regard) (NRF 2015b), and an appropriate 
framework for teacher development instituted and 
monitored. Mathematics, English first and additional 
language, physical sciences and accounting teachers are to 
be administered diagnostic self-assessments (DBE 2016). 

• There is little evidence of creative use of multi-media modes 
of delivery or innovative research-based approaches to 
curriculum design, development and delivery (NPHE 2001).

• The quality of the programmes is undermined by a lack 
of research into the needs and contexts of students, 
appropriate modes of delivery, and new methods of 
assessment (ibid.).

Priority 4: Investigate relationship between various 
levels of post-school education 

• The relationship of higher education to other levels of 
post-school education must be investigated (Bitzer & 
Wilkinson 2012).

Priority 5: Identify and remedy barriers and enablers 
to education

Early childhood development:

• Reliable research is needed to understand the extent 
of the Vitamin A problem among children given that 
a third of preschool children are vitamin A deficient 
(NDP 2011).

Post-school education:

• Student access to higher education is an important area 
for focus (Bitzer & Wilkinson 2012). Research is required 
that improves participation rates and that corrects 
distortions in the shape, size and distribution of access 
to post-school education and training (DHET 2014a). 

• Areas for investigation include barriers and enablers 
to access; funding issues; distance education; capacity 

constraints; student/learner success; mentoring and 
support of students; migration analysis; and staffing 
requirements analysis (ibid.).

Priority 6: Investigate how the skills development 
system can support employment creation and growth

• Investigate how the skills development system can 
support employment creation and growth (HSRC 
2017a). The ways in which qualifications are produced, 
understood and valued is also of interest (Allais 2012).

• Meet national development needs through well-planned 
and coordinated teaching, learning and research 
programmes, including the high-skilled employment 
needs presented by a growing economy operating in a 
global environment (NPHE 2001).

Priority 7: Undertake research to identify and reduce 
the skills bottlenecks 

• Research is required that helps reduce the skills 
bottlenecks in the country (DHET 2014a).

• Barriers to work placements, apprentices and the labour 
market in general must be identified, and the role of 
employers in providing education clarified (Allais 2012).

• The impact of labour market regulation as well as the 
mechanisms that direct hiring and firing in various 
industries should be investigated (ibid.). 

Priority 8: Map skills supply and shortfalls and 
compare this with employer needs and labour market 
trends

• Areas for investigation include impact of SETAs; extent 
and effectiveness of work-based learning; responsiveness 
of relevant institutions to the job market; mapping skills 
supply to employer needs and labour market trends; and 
impacts of free education (DHET 2014).

• Skills supply must be mapped against demand so 
that shortfalls can be addressed. Workplace surveys 
and vacancy-tracking are to be used to support the 
workplace mapping (DHET 2013).

• Research is required to elucidate the links between 
education and skills. This includes improved theoretical 
understandings of the relationship between education 
systems and the labour market (Allais 2012).

• National skills planning to conduct labour market 
research and thereby produce different skills scenarios 
to inform training providers (NPC 2012). It is important 
to understand the country’s long-term human resource 
needs. The focus should be on improving general 
education with an increased percentage of learners 
attaining grade 12 with good passes in mathematics, 
science, and English (NDP 2011: 286). 
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7. Concluding assessment
Our historical overview of educational research in the 
country showed that the initial impetus for such research 
had its origins in psychometric testing within the larger 
Carnegie funded poor white study in 1929. This focus on 
educational testing characterised the larger part of the 
subsequent history of educational research outside of the 
university sector up to the establishment of the HSRC in 
1969. Whilst psychometric and edumetric testing flourished 
at the HSRC (and the National Institute for Personnel 
Research which was originally housed at the CSIR before 
it was incorporated into the HSRC in 1984), other areas 
of research emerged – most notably in the area of human 
resource and skills development and planning. Within the 
higher education sector more critical and policy work 
characterised much of educational research during the 
1970s and 1980s. In the post-1994-era schools research 
in the NGO sector would eventually decline (mostly due 
to reduced funding from overseas donors) and would 
increasingly be undertaken within university departments, 
centres and the HSRC. The focus at many of the university-
based centres reflect the national priorities to focus 
on ECD, and especially language (literacy), mathematic 
(numeracy) and science education. The exceptions 
are JET, which continued and expanded its work and 
increasingly undertook large studies under commission 
of the government, and CHET which continued to receive 
significant overseas funding (the Ford Foundation and the 
Carnegie Corporation of New York) to do higher education 
policy work in South Africa and more broadly on the African 
continent (their Higher Education Research and Advocacy 
Network in Africa [HERANA] study is an example).

Public investment in educational research, as well as in 
educational science and technical activities, increased 
substantially from 2010 onwards. What is not reflected 
in our analysis is the very substantial investments that 
have been made and continue to be made in educational 
(especially schooling) interventions over the past two 
decades. International donor funding to strengthen 
schooling interventions continue to flow into South Africa 
as does local funding from foundations (such as the Zenex 
foundation) and Corporate Social Investment funding. 

As far as the human resource capacity is concerned, the 
numbers of FTE researchers at universities has increased 
steadily over the past two decades. If we add the estimated 
numbers of researchers working in this field at the HSRC 
and educational research NGOs the total number would 
sum to between 400 and 450 FTE researchers. The past 
twenty years have also seen a concomitant and steady 
increase in master’s and PhD graduates. However, as 
we pointed out in the main text, the increased capacity 
generated by these graduates does not necessarily 
translate into a substantial increase in knowledge-
generating capacity.

The knowledge expertise based in the field of educational 
research is predominantly found within the university 
sector. As was found for some of the strategic research 
areas discussed in this part of our report, much of this 
is due to increased NRF support for a new CoE at Wits 
(CoE in Human Development) and multiple research 
chairs (especially in fields related to schooling) as well 
as, more recently, DHET-support for a small number of 
research chairs related to post-secondary schooling. It 
is worth pointing out though, that there is a vast body 
of ‘grey literature’ in this field that is not easily visible in 
standard academic bibliographic and citation databases. 
A huge amount of applied and evaluation research in 
the educational sectors is conducted by JET and other 
educational NGOs and individual consultants, that are 
rarely made public (mostly for reasons of confidentiality 
and competitive advantage).

The research agenda and associated priorities in this area 
mirrors the major priorities and challenges of the sector. 
Given South Africa’s very poor performance in learner 
performance, continued challenges around the quality of 
teacher education, the dysfunctionality of many schools and 
continued problems around resourcing of especially rural 
schools, it is not surprising that the priorities identified in 
the final section would reflect these. But the challenges 
are not only confined to the school system. The recently 
published plan on post-secondary education identifies no 
less than 90 priorities – many of which would require more 
research on funding of the tertiary sector, how to rebuild 
the TVET sector and ensure that it contributes significantly 
to vocational and technical skills development and many 
related areas. The strategic place of education – and 
hence educational research – in the South African system, 
cannot be over-estimated. We would, in closing, argue 
that current investments in educational research should 
in fact be increased substantially and that the DHET and 
NRF should earmark more funding for research across the 
whole spectrum of educational research challenges.
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Energy research
1. Introduction
Historically, South Africa’s system of innovation grew 
around industry, health, and the social problems of 
mining, while the industrial revolution in South Africa 
started with the discovery of diamonds at Kimberley in 
1870 (Kahn 2006). Leading up to the Second World War, 
energy-related research was founded in war-related efforts 
and was extended during the early apartheid years to 
include defence research and the country’s need for self-
sufficiency in the context of international sanctions (ibid.). 
Among the decisive role-players in South Africa’s early 
innovation system were Sasol, Iscor, the Atomic Energy 
Corporation (AEC) and Eskom (Kahn 2013). 

Before the establishment of Eskom, the provision of 
electricity in South Africa was primarily the responsibility 
of municipalities and private companies. In 1882, the 
first electric streetlights in Africa were introduced in 
Kimberley after which, leading up to the 1920s, the South 
African Railways invested in the idea of replacing steam 
with electricity. Based on the findings of the Merz Report 
and the recommendation of a subsequent government 
committee, the Electric Supply Commission (Escom) was 
established. Escom was founded under the Electricity Act 
of 1922 and became effective on 1 March 1923 under the 
leadership of Dr Hendrik van der Bijl. Under the Act, 
Escom was to sell electricity at cost but was exempted 
from tax. The first power stations built by Escom were the 
coal-fired Congella Power Station in Durban and the Salt 
River Power Station in Cape Town, which were completed 
by 1928. Subsequent power plants were built in partnership 
with the Victoria Falls and Transvaal Power Company 
(VFP) in Witbank in 1935 and which provided power to 
the mining industry. With the discovery of goldfields near 
Randfontein in 1932 there were increasing demands for 
power supply, but the VFP had a monopoly on power 
supply to the mines. After lengthy negotiations, Escom and 
the VFP merged in 1948. Systematically, Escom acquired 
smaller power stations, such as the Port Shepstone power 
station in 1944 and Kimberley’s central power station 
from De Beers in 1950. Following 1969, given the cost-
saving nature of the national grid, it became economically 
unfeasible for local municipalities to pursue their own 
power generation and, in 1969, the last application by a 
municipality was made to build its own base load station, 
but failed. During the period between the 1950s and 1970s, 
South Africa experienced rapid economic growth and 
Escom responded through a number of large, standardised 
coal-fired power plants to produce power at low cost, 
while also benefiting from international demands for 
uranium. Construction on the Koeberg nuclear power 
station started in 1974 in support of the government’s 
nuclear programme. During this time, Escom abandoned 
its no-profit objective to fund its expansion and, with 
the revision of the Electricity Act of 1987, Escom was 
renamed Eskom.

The 30-year period following the establishment of Eskom 
saw the establishment of a number of energy-related 
institutions. In 1930, the Fuel Research Institute (FRI) of 
South Africa was established to investigate coal beneficiation 
and utilisation in South Africa (de Korte 2010). The FRI 
conducted world-class research, and a pilot coal preparation 
plant was constructed in Pretoria in 1957 which made large-
scale practical experimentation possible. The FRI operated 
under the Fuel Research Board until 1980 when it was 
incorporated into the CSIR. Due to political and economic 
factors, the FRI closed which led to a dearth of research 
on coal during the 1990s. It would be revived with the 
establishment of Coaltech 2020 in 1999 (ibid.).

In 1934, the Minerals Research Laboratory (now 
Mintek) was founded and established at the Department 
of Metallurgy and Assaying of the University of the 
Witwatersrand. Its objective was to carry out studies on 
the processing of minerals of strategic concern, including 
minerals such as tungsten and phosphate (Mintek 1996). 
During the Second World War, Mintek’s role increased and 
the name was changed to the Government Metallurgical 
Laboratory in 1944. Mintek’s post-war activities were 
primarily concerned with doing pioneering work for South 
Africa’s emerging uranium industry which occupied most 
of the Mintek’s research efforts leading up to the 1950s. In 
1996, the organisation underwent yet another name change 
and was renamed the National Institute of Metallurgy 
(NIM) which later became Mintek. NIM was established 
as an autonomous statutory body. Following a system of 
framework autonomy introduced by the South African 
government in 1987, Mintek had the freedom to manage its 
own affairs which included doing research, the development 
and transfer of technology, the promotion of mineral 
technology, and fostering the establishment and expansion 
of industries in the field of minerals and products derived 
therefrom (ibid.: 5). During the early 1990s, Mintek also 
included as an objective the transformation of South African 
society through programmes and activities aimed towards 
training and skills development. Today, Mintek is still partially 
funded by the state.

The South African nuclear industry has its origins in the 
mid-1940s (National Nuclear Regulator n.d.). The Atomic 
Energy Act of 1948 established the Atomic Energy Board 
(AEB) to regulate the uranium industry in South Africa by 
managing uranium resources, and to stimulate uranium-
related research (Fig 2010). In 1959, the creation of a 
domestic nuclear industry was approved by the South 
African government, and in 1970 an extensive nuclear fuel 
cycle programme was created as well as the development 
of a nuclear weapons capability. The AEB later became the 
AEC (currently the Nuclear Energy Council of South Africa 
[NECSA]). In 1982, the Council for Nuclear Safety (CNS) 
was established as an independent consultative body which 
issued nuclear licences by the AEC. As a fully independent 
regulatory body, following 1988 the CNS was responsible 
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for regulating the safe use and handling of nuclear 
materials. In 1993, South Africa started the dismantling of 
its nuclear weapons programme following the signing of 
the Nuclear Non-Proliferation Treaty (NPT) (National 
Nuclear Regulator n.d.).

Pre-industrial South Africa had large deposits of coal with 
limited commercial value, while the South African economy 
was heavily dependent on mining and agriculture (Collings 
n.d.). A private sector mining company, the Anglo-Transvaal 
Consolidated Investment Company (Anglovaal), led the 
efforts to produce oil and petrol from coal, and the company 
bought the Fischer-Tropsch process from Germany to use in 
their manufacturing of motor fuel in South Africa. However, 
the production of petrol, diesel and chemicals from coal was 
prominent in Germany and there was little evidence for the 
economic feasibility of these processes. During the Second 
World War, owing to the rationing of petrol in South 
Africa, South African scientists, including Dr P.N. Lategan, 
Dr F. Meyer and Etienne Rousseau, started to explore the 
feasibility of turning coal into oil. With the end of the war 
in 1945, Anglovaal persuaded the government to create a 
fiscal environment in which it could profitably operate an 
oil-from-coal plant and was granted an operating licence, but 
ceased their efforts shortly thereafter. In 1950, as a result of 
the new South African government’s vision for the country 
which included an aggressive spirit of national independence, 
a committee was appointed to investigate the production 
of oil from coal and, on the recommendations of the 
committee, Sasol (under the name of South African Coal, 
Oil and Gas Corporation) was formed as a state-owned 
company, with Etienne Rousseau as the first managing 
director (Collings n.d). In its early years, Sasol faced many 
technical and financial challenges but by the 1960s had 
become profitable. The rise of crude oil prices in the early 
1970s led to Sasol’s expansion, and in 1979 the parastatal 
enterprise went public after which the company became 
increasingly successful (ibid.). Sasol’s success was centred on 
intense and ongoing research into new technologies. In the 
1980s, due to financial stringency caused by, among others, 
ongoing sanctions, internal civil war and rising labour costs, 
the South African government embarked on the privatisation 
of many state assets and Sasol was privatised (Kahn 2013). 
By 2004, more than 50% of Sasol’s income was generated 
through offshore activities. By the mid-2000s, Sasol was the 
largest spender on R&D in the private sector (Kahn 2006). 
However, there are indications that their proportional 
spend on R&D has since then declined. In terms of scientific 
articles, it is clear that the number of scientific articles 
produced by Sasol began to decline in recent years.

The parastatals in energy research became well-established 
during the 1960s and up until the 1990s as the three pillars 
of energy security, food security and military dominance 
constituted the bulk of investment in the South African 
national system of innovation (ASSAf 2014a). R&D 
investment in these fields was driven by seeking local 

solutions to difficult technological problems given the 
range of sanctions that were imposed on South Africa 
during apartheid rule. The high investment in energy 
research during this period resulted in a flourishing 
environment for energy research (ASSAf 2014a). As Kahn 
(2006: 127) notes:

As expertise grew and local needs were better defined 
this was followed by adaptive innovation and finally 
creative innovation supported with considerable funding 
for R&D. For coal to gasoline producer SASOL the early 
batch process approach (adaptive imitation) using pre-
Second World War Fischer-Tropsch synthesis gave way to 
continuous flow production (creative innovation) protected 
by international patents.

One of the areas that thrived during the period of 
apartheid was that of biofuels. The use of biomass as an 
energy source in South Africa dates back to the 1920s, but 
the need for alternative fuel sources because of sanctions 
between the 1970s and 1990s led to the development of 
capacity to convert both coal and natural gas to petroleum 
(Blanchard et al. 2011: 2). The government established 
Soekor in 1965 (which later merged into PetroSA) to 
conduct oil and gas exploration, while the CSIR conducted 
broader energy research under its division of energy 
technology, Enertek, which was funded through coal 
levies (ASSAf 2014a). At the same time, Eskom was 
creating an overcapacity of electrical power. In 1993, the 
Eskom Pebble-Bed Modular Nuclear Reactor (PBMR) 
project was launched as a flagship activity with strategic 
importance, and subsequently consumed the largest 
R&D project expenditure at the time (Kahn 2006). The 
project produced over 100 patents between 1999 and 
2004; however, in 2010 the South African government cut 
funding and withdrew its support of the project (Nuclear 
Engineering International 2017).

After 1990, the coal levy, which was the primary funding 
source for energy research at the CSIR, was discontinued. 
The abandonment of the coal levy directly resulted in 
a reduction of energy research at Enertek as research 
activities were scaled down and many facilities were 

FIGURE 4.49: NUMBER OF ARTICLES PRODUCED BY SASOL IN 
WOS (2005-2017)
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shut down (de Korte 2010). With the democratisation 
of South Africa, the decline in R&D in energy-related 
fields was the result of a shift in research foci towards 
‘research that paid a higher social dividend’ as well as 
addressing environmental challenges related to climate 
change (DoE 2015). The new research agenda called for 
a reorientation of energy-related research. In 1989, the 
Energy for Development Research Centre (EDRC) (and 
later the Energy Research Centre [ERC]) was founded at 
the University of Cape Town with the aim of conducting 
research into energy solutions for socio-economic 
development. Eskom also established their own research 
capabilities which focussed on electricity generation, 
transmission and distribution (ibid.).

The 21st century ushered in new research challenges 
specifically related to building expertise in renewable 
energy (ibid.). In 1999, the Coaltech Research Association 
was established to address the new energy-related 
challenges – namely, the role of coal. The Coaltech 2020 
Research Programme is funded by voluntary contributions 
from its shareholders (de Korte 2010).9 The aim of the 
collaborative initiative is to “develop technology and apply 
research findings that would enable the South African 
coal industry to be competitive, sustainable and safe into 
the 21st century” (ibid.: 363). Seven research areas10 are 
supported and each research area is overseen by a steering 
committee which consists of shareholder representatives 
and research providers. The research providers are 
employees of science councils, universities and private 
consulting firms. The Coaltech research programme has 
completed more than 100 research projects over the last 
decade and is considered to be a successful collaboration 
between mineral and energy industries, labour unions, the 
government, universities, and other research organisations 
(de Korte 2010). 

In 2004, the South African government established 
the South African National Energy Research Institute 
(SANERI) as a wholly-owned subsidiary of the Central 
Energy Fund (CEF). SANERI became operational in April 
2006 and reported to both the Department of Minerals 
and Energy (DME) and the DST (Parliamentary Monitoring 
Group 2007). The decline in energy-related research 
activities in post-apartheid South Africa was the major 
driver for the government decision to establish SANERI. 
The efforts to privatise Eskom under the Mbeki presidency 

9 The Coaltech Research Association is an association incorporated under 
Section 21 of the Companies Act of 1973. The Coaltech Shareholders are 
Anglo Coal, Xstrata Coal, Eskom, Exxaro Coal, Sasol Mining, BHP Billiton 
Energy Coal South Africa, Total Coal, CSIR, and the Chamber of Mines. Bon 
Terra Mining, Kuyasa Mining, Kangra Mining, Leeuw Mining, University of 
the Witwatersrand, University of Pretoria, National Research Foundation, 
National Union of Mineworkers, and the Department of Minerals 
and Energy, are partners in the Coaltech work programme (de Korte 
2010: 363).

10 Research areas include: underground mining, surface mining, geology 
and geophysics, coal preparation, surface environment, engineering, and 
human and social capital (de Korte 2010: 363).

in the mid-1990s resulted in a loss of skilled research 
capacity in the sector. The reorganisation of the CSIR 
also contributed to this loss. The objective of SANERI, 
therefore, was to increase the capacity in energy research 
through, among others, conducting research, and the 
development and transformation of human capital in the 
energy R&D sector. However, funding to SANERI was 
significantly low compared to the investments made to 
the former Enertek (ASSAf 2014a). Funding received by 
SANERI (primarily in the form of grants from the DST) 
was insufficient to establish in-house research and a 
research laboratory, which severely hampered its ability 
to conduct research (Parliamentary Monitoring Group 
2007). Subsequently, in 2011, the South African National 
Energy Development Institute (SANEDI) was established 
under the National Energy Act (2008). SANEDI is a 
merger of SANERI and the National Energy Efficiency 
Agency (NEEA). The objective of SANEDI is to direct, 
monitor and conduct energy research and development; 
to promote energy research and technology innovation; 
and to undertake measures to promote energy efficiency 
throughout the economy (SANEDI n.d.). As part of its 
mandate, SANEDI has established two programmes, 
namely applied energy research, development and 
innovation, and energy efficiency. The institute has 
also established centres of research and development 
(such as the Renewable Energy Centre of Research and 
Development) whose focus areas include, among others, 
coordination in the research, development and innovation 
space of the energy sector. The centres also partner with 
existing international programmes.

Energy security is identified as one of the five Grand 
Challenges for science and innovation in South Africa in the 
DST’s Ten-Year Innovation Plan (DST 2008a). The three 
principal energy challenges identified by the Ten-Year 
Innovation Plan include the need for energy security; 
protecting the environment; and access to affordable, 
safe, clean and reliable energy. South Africa has followed 
international trends to pursue and include renewable 
energy technologies in its energy blend. Government 
policy on energy (which includes renewable energy and 
biofuels) has gained much attention since the first White 
Paper on Energy Policy in 1998. There has been a shift 
towards the pursuit and incorporation of clean energy 
as well as efforts to combat climate change (Department 
of Minerals and Energy 2007). These efforts include 
strategies which focus on addressing issues of poverty 
and economic development (especially in rural areas) 
through the promotion of the biofuels industry. The 
policy environment around energy has embraced green 
technologies with the White Paper on Energy Policy 
(1998), the Renewable Energy White Paper (2003), the 
National Framework on Sustainable Development (2008), 
and the National Climate Change Response Policy White 
Paper (2011) (ibid.). Eskom supports renewable energy 
research through its Research and Innovation Centre 
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and has emerged as one of the biggest funders of R&D in 
renewable energy (ibid.). Notwithstanding this favourable 
policy environment, the uptake of green technologies in 
South Africa has been slow despite the large investments 
made in the public and private sectors (ASSAf 2014b). This 
is largely due to a need for technical, financial and legal 
professional service providers; innovative funding; and 
interdepartmental leadership and project championship to 
support policy (ibid.). 

2. Institutional landscape
The major research-performing institutions in the energy 
area are listed in the tables and graphs below. Table 4.16 
shows how publications in the sector are distributed across 
the university sector, government and parastatal and other 
research NGOs. The subsequent figures present a list of 
the CoEs and research chairs that are currently supported 
by the NRF. 

TABLE 4.16: INSTITUTES WITH MOST PUBLICATIONS IN WOS – ENERGY META CLUSTERS (2005-2015)

HEI (Local) National Research Institutes 
and departments

Other

Count Count Count

University of Cape Town 183
(15.5%)

Council for Scientific and Industrial 
Research

33
(2.8%)

Lancet Laboratories 15
(1.3%)

Stellenbosch University 152
(12.9%)

South African National Space 
Agency

32
(2.7%)

African Institute for Mathematical 
Sciences, South Africa

8
(0.7%)

University of the 
Witwatersrand

117
(9.9%)

South African Weather Service 9
(0.8%)

Sasol Technology (Pty) Ltd 5
(0.4%)

University of Pretoria 115
(9.8%)

South African Medical Research 
Council

6
(0.5%)

Sports Science Institute of South 
Africa

4
(0.3%)

University of KwaZulu-Natal 97
(8.2%)

South African Astronomical 
Observatory

6
(0.5%)

South African Institute of 
International Affairs

4
(0.3%)

North West University 75 
(6.4%)

iThemba LABS: Laboratory for 
Accelerator-Based Sciences

6
(0.5%)

French South African Institute of 
Technology

3
(0.3%)

University of Johannesburg 48
(4.1%)

South African National Parks 4
(0.3%)

EM Software and Systems South 
Africa (Pty) Ltd

2
(0.2%)

Rhodes University 37
(3.1%)

Ministry of Environmental Affairs 3
(0.3%)

Bayworld 1 
(0.1%)

University of South Africa 28
(2.4%)

Hartebeesthoek Radio Astronomy 
Observatory

3
(0.3%)

Bosch Projects (Pty) Ltd 1
(0.1%)

Tshwane University of 
Technology

27
(2.3%)

South African Nuclear Energy 
Corporation SOC Ltd

3
(0.3%)

Sugar Milling Research Institute 
NPC

1
(0.1%)

Source: WoS, CREST

FIGURE 4.50: ENERGY OR ENERGY-RELATED R&D CENTRES AND INSTITUTES ESTABLISHED AT HEIS

Source: Adapted from Academy of Science of South Africa’s report “The state of energy research” (ASSAf 2014a)

Department of Higher Education

Centre of Excellence in 
Catalysis (C*change) –  

University of Cape Town

Centre of Excellence for 
Integrated Mineral and Energy 

Resource Analysis 

Hydrogen and 
fuel cells –  

University of the 
Western Cape

Fossil fuels – 
Eskom, Sasol and 
University of the 
Witwatersrand

Nuclear – 
North-West 
University

Energy policy – 
University of 
Cape Town 

Coal R&D – 
Eskom, Sasol, 

University of the 
Witwatersrand 

and North-West 
University

Energy 
efficiency – 
North-West 

University and 
University of 

Pretoria

The South African 
National Energy 
Development 

Institute 
(SANEDI)
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FIGURE 4.51: COES RESPONSIBLE FOR RENEWABLE ENERGY RESEARCH

Source: Adapted from Academy of Science of South Africa’s report “The state of energy research” (ASSAf 2014a)

 

In our documentary review and also in the feedback that 
we received from key informants in the field, a number of 
pertinent challenges regarding the research landscape in 
energy research were highlighted. The review of the South 
African science, technology and innovation institutional 
landscape concludes that national energy research is 
largely uncoordinated across many research platforms and 
national departments are “individually subcritical to the 
impact national energy research can and should be making, 
both scientifically as well as in socio-economic terms” 
(DST 2017b: 131). 

These conclusions are supported by a study from Pouris 
(2016) of university research outputs. He similarly 
concludes that universities are producing too few 
energy articles, the majority of which come from just 
five institutions.

Similarly, universities were identified to be producing a 
subcritical number of energy articles in comparison with 
international organisations. The relatively small activity 
in the energy field appears to affect the international 
collaboration of the field, which is well below the national 
average. (Pouris 2016: 69)

The top five institutions produce more than 50% of the 
country’s contribution to core energy and fuels literature. 
(Pouris 2016: 73)

An expert in renewables reports that the research 
infrastructure is also not well distributed around 
the country.

“The research infrastructure is also not distributed well 
around the country, few Universities have the needed 
research equipment.” (Energy expert 1: 2018)

SARChI Chairs

FIGURE 4.52: SARCHI CHAIRS AT SOUTH AFRICAN 
UNIVERSITIES CONDUCTING ENERGY RESEARCH
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University
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• Nuclear Engineering
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University

• Biotechnology Innovation & Engagement

• Global Change Social learning Systems 
Development: Transfomative Learning 
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Stellenbosch 
University

• Biofuels and Other Clean 
Alternative Fuels

• Sugarcane Bio-refining 

University of 
Cape Town

• Bioprocess Engineering

• Nano-Materials for Catalysis

University of 
the Free State

• Solid State Luminescent and 
Advanced Materials

University of 
KwaZulu Natal

• Sugarcane Bio-refining

• Waste and Climate

University of 
Limpopo • Computational Modeling of Materials

University of 
Pretoria • Clean and Green energy

University of 
the Western 

Cape

• NanoElectrochemistry and Sensor 
Technology

University 
of the 

Witwatersrand

• Clean Coal Technology

• Energy Materials 

• Sustainable Process Engineering

University of 
Zululand • Nanotechnology

*Based on list obtained from NRF 20 February 2019

Department of Higher Education
CSIR – Battery research unit  

in the Material Sciences Division

South African 
Renewable Energy 
Technology Centre 
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Renewable Energy 
Research and 
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NWU

Energy Hub in Energy 
Efficiency –  

University of Pretoria

Centre for 
Energy Research – 

NMU

Energy 
Research Centre 
(ERC) – Energy 

policy, climate change, 
modelling –  

UCT

Centre for 
Renewable and 

Sustainable Energy 
Studies (CRSES) –  

SU
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3. Investment in energy research
The past decade has seen limited increased spending on 
R&D for Energy Supply from R348 million in 2006/7 to 
R731 million in 2016/2017 which translates into an average 
annual growth rate of 6.7%. It is evident that the bulk 
of this spend occurred in the business sector and state-
owned enterprises sector11.

FIGURE 4.53: EXPENDITURE ON ENERGY FOR SUPPLY IN R’000 
(2007-2017)

Source: Data obtained from the South African National Survey of R&D 
reports (CeSTII 2017, CeSTII 2018)

The picture as far as R&D funding for Energy Resources is 
concerned is much more negative. Expenditure on R&D 
has been erratic (Figure 4.54). The trend that emerges 
over the past decade is of a precipitous decline – mostly 
due to huge declines on R&D spending by the business 
sector and state-owned enterprises – that has recovered 
slightly in the last year reported. Over the entire 12-year 
period since 2006, nominal expenditure on R&D in the 
sector has effectively remained static (R575 million in 
2006/7 to R556 million in 2016/2017) which translates into 
a negative average annual growth rate of -10.1%. Again the 
predominant source of funding came from business. The 
proportion of all non-business spending post 2009/10 has 
been minor in comparison. 

11 The Estimates of National Expenditure 2010 booklet (National 
Treasury, 2010) reported that fiscal expenditure estimates for all energy and 
broadband enterprises falling under the Department of Public Enterprises 
would decline by 80.3% in the 2010/2011 financial year as funding for the 
Pebble Bed Modular Reactor (PBMR), Broadband Infraco and Eskom were 
cut back. Estimates on the expenditure showed a decline from R1.96 billion 
in 2009/2010 to only R14.4 million in 2010/2011. Investment made in the 
Pebble Bed Modular Reactor (PBMR) constituted a significant proportion 
of R&D spending in Energy leading up to 2010. Since its inception in 1999 
until 2010, the South African government invested R8.7 billion in the PBMR, 
until it withdrew its support of the project in 2010. During the 2009/2010 
investment year, the PBMR received approximately R1.5 billion from the 
South African government (Annual Report Presentation to the Portfolio 
Committee on Public Enterprises, 23 March 2010). In the 2010/2011 
financial budget, only R11.4 million was allocated to the PBMR (Groenewald, 
23 April 2010; https://mg.co.za/article/2010-04-23-money-rows-over-
pbmr) and all expenditure on the PBMR were to end in 2013 (http://m.
engineeringnews.co.za/article/state-scales-back-pbmr-spending-to-end-
allocations-by-2013-2010-02-17/rep_id:4433).

FIGURE 4.54: EXPENDITURE ON R&D FOR ENERGY RESOURCES 
(R’000) (2006-2017)

Source: Data obtained from the South African National Survey of R&D 
reports (CeSTII 2017, CeSTII 2018)

Against the background of these figures, it is not surprising 
that we observe a decline in funding for the energy focussed 
national research institutes as well as for expenditure on 
Science and Technology Activities by the Department 
of Energy. 

FIGURE 4.55: EXPENDITURE ON R&D FOR ENERGY FOCUSSED 
RESEARCH INSTITUTES (R’000) (2011-2018)

Source: Department of Science and Technology 2016a

Documentary review data and 
expert feedback on investment in 
energy research
Our documentary review also identified the underfunding 
of energy research as a major problem. The ASSAf state of 
energy research describes the limited financial support for 
energy research. This is also confirmed by the bibliometric 
study of energy research conducted by Pouris.

Investments in coal R&D are insufficient. Clean coal technologies 
are not sufficiently funded; carbon capture and storage research 
programmes are insufficient. (ASSAf 2014a: 13)

While there is an energy-related agency in the country 
(Sanedi), it suffers from limited financial support by the 
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government. Similarly, other organisations like Eskom and 
the National Research Foundation provide limited support 
for energy research. (Pouris 2016: 70)

Various authors and the ASSAf state of energy report 
(2014a) describe the lack of funding for renewables 
research and development.

While there have been policy decisions to support the green 
economy, renewable energy, sustainability and related R&D… 
these have not been realised and research expenditure in 
the energy sphere is still largely directed towards ‘traditional’ 
areas in the petroleum sector, coal based technologies, 
and electricity sector transmission and reticulation system 
technologies and nuclear. (Baker et al. 2015: 8)

In order to maintain and grow the REI4P, the DoE needs 
to increase its budgetary proportions for renewable energy 
research and development. (McDaid 2014: 22)

Research in renewable energy is growing, albeit at a 
pace lower than needed to meet national targets and 
expectations. (ASSAf 2014a: 13)

4. Human resources for 
energy research
An expert in renewable energy research describes a lack of 
skills amongst young researchers.

“The sector suffers from skills shortages particularly 
amongst young researchers.” (Energy expert 1: 2018)

The ASSAf state of energy research underlines diminishing 
human capacity in nuclear research.

Human capital development, as well as R&D in nuclear 
energy is diminishing and the country is losing critical skills 
in this field. (ASSAf 2014a: 13)

There is currently no standard information gathered in the 
science system on the number of academics or researchers 
working in the strategic area of energy research as defined 
in this study. The HEMIS data do not contain a CESM field 
that refers to ‘energy’. This is not in itself surprising as it 
is not a standard academic discipline or field. The R&D 
surveys also do not contain any specific information on 
researcher or research workers in the field of energy 
research. In an attempt to generate some estimate of 
the scientific capacity in this field, we decided to analyse 
the data provided by the NRF on funding allocations to 
academics and scientists at South African universities 
over the period 2002 to 2015. This database contains 
information on the departments of the applicants, their 
research fields and – most importantly – the project titles 
of their grant applications. Using a simple keyword search 
on these fields, we generated Table 4.17. The estimated 
number of unique researchers in the field (244) is 

undoubtedly an under-estimation of the true capacity in 
the field as not all researchers at universities who conduct 
energy research submit applications for funding from 
the NRF. It is also important to emphasise that energy 
researchers working within government departments 
and science councils are also not eligible to apply for 
NRF funding.

TABLE 4.17: NRF ENERGY RELATED FUNDING AWARDED  
(2002-2015)

Total

Number of awards 1176

Number of researchers 244

Source: NRF funding database

The next three figures present a more detailed breakdown 
of the number of awards made to energy research 
applicants by year, university and funding category.

FIGURE 4.56: NO. OF NRF ENERGY RELATED PROGRAMMES 
FUNDED (2002-2015)

Source: NRF funding database

TABLE 4.18: INSTITUTIONS AND FACILITIES AWARDED 
ENERGY RELATED FUNDING (2002-2015)

Beneficiary Number 
of awards

University of Cape Town 173

Stellenbosch University 111

University of Pretoria 83

North-West University 56

University of KwaZulu-Natal 51

University Of Johannesburg 46

Tshwane University of Technology 41

University of the Witwatersrand 40

University of the Western Cape 37

Council for Scientific & Industrial Research 36

Nelson Mandela Metropolitan University 32

University of Fort Hare 25

University of the Free State 20

Cape Peninsula University of Technology 19

Wits Commercial Enterprise 18
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Beneficiary Number 
of awards

Vaal University of Technology 18

University of South Africa 17

Rhodes University 14

Nuclear Energy Corporation of SA (NECSA) 9

University of Venda 3

Durban University of Technology 2

Agricultural Research Council 2

South African National Space Agency (SANSA) 2

University of Zululand 1

Central University of Technology 1

Council for Geoscience 1

Durban Institute of Technology 1

iThemba Laboratory for Accelerator-Based Sciences 1

Mangosuthu Technikon 1

University of Limpopo 1

Technikon Free State 1

Peninsula Technikon 1

Africa Institute of South Africa 1

Eastern Cape Technikon 1

Source: NRF funding database

TABLE 4.19: NRF ENERGY RELATED PROGRAMMES SUPPORTED 
(2002-2015)

Programme Name Number of 
awards

Technology and Human Resources for Industry 
Programme (Thrip)

260

Incentive Funding for Rated Researchers 136

International Science and Technology Agreements 135

Knowledge Interchange and Collaboration 58

Economic Growth and International 
Competitiveness

52

Competitive Programme for Rated Researchers 41

Sustainable Livelihoods: The Eradication of Poverty 36

Thuthuka 33

Competitive Support for Unrated Researchers 21

Nanotechnology Flagship Programme 16

Institutional Research Development Programme 13

National Equipment 9

National Bioinformatics functional Genomics 
bursary & research granting

9

SA Research Chairs 6

Global Change Grand Challenge 5

Blue Skies Research Programme 4

IRG - China / South Africa Research Cooperation 
Programme

3

Research and Technology Fund 3

Research Development Grants for Y-Rated Researchers 3

Programme Name Number of 
awards

Challenge Of Globalisation: Perspectives From The 
Global South

3

IRG – UK / South Africa Researcher Links Grants 
for Travel

2

Development Grant for Kfd 2

IRG - Egypt / South Africa Research Cooperation 
Programme

2

IRG - South Africa/Tunisia Research 
Cooperation Programme

2

National Nanotechnology Grant 2

Researchers in Training 2

IRG – National Natural Science Foundation of China 
/ NRF Research Cooperation Programme

1

IRG - South Africa/China Joint Science and 
Technology Research Collaboration (Water 
Research Flagship Projects)

1

Akili Development Programme 1

DST/NRF Energy Research Programme 1

Rediba 1

Scholarships & Fellowships Programme 1

Special Transformation Awards 1

IRG - South Korea / South Africa Research 
Cooperation Programme

1

Source: NRF funding database

5. The knowledge expertise in 
the area
In Part Three of this report, we included a brief discussion 
on energy-related publications as reflected in WoS. 
The subject category that is usually taken as the most 
appropriate for any bibliometric analysis of energy-related 
articles is ‘energy and fuels’. As indicated in Part Three, 
South African authors produced 1 482 articles and reviews 
in this category between 2000 and 2016. The breakdown 
by year is presented in Figure 4.57 below. The graph 

FIGURE 4.57: ENERGY ARTICLES IN WOS (2000-2016)

 

Source: WoS, CREST

250

200

150

100

50

0

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

To
ta

l p
ap

er
s

%
 w

or
ld

 s
ha

re

 number of publications   % world share

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16



203

PART FOUR

also shows that South Africa’s world share in this field is 
relatively small (0.6% in 2016). Despite this relatively low 
world share, it is worth noting that South Africa’s world 
rank in the field improved from position 43 in 2000 to 35 
in 2016.

In the graph below, we present the results of energy-
related documents in SAK. In this case we used a keyword 
search (See footnote 12). In addition, SAK also contains 
information on book chapters and conference proceedings 
that South African academics submit for subsidy 
purposes to the DHET. The results of the search show 
that a significant share of output appears in the form of 
conference proceedings. 

FIGURE 4.58: JOURNAL ARTICLES, CONFERENCE 
PROCEEDINGS AND BOOK CHAPTERS IN THE FIELD OF 
ENERGY RESEARCH

 

 
Source: SAK, CREST12

The OmniViz thematic cluster analysis identified three 
main energy research-related clusters: the biggest category 
(552 articles) constituted 59% of all papers and include 
topics related to coal, fossil fuels, waste and electrical 
generation. The second category (255 papers or 27%) 
includes all papers on solar and wind energy and the 
third category – biofuel – contained 127 papers which 
constituted 14% of the total publication output.

12  These results were obtained using the same keywords listed under 
footnotes 13. In this case, the search was confined to the titles of 
publications only

Our analysis of the doctoral dissertations on the field 
produced a list of 285 theses. Figure 4.60 shows that these 
numbers increases steadily from a small base between 2000 
and 2011 and then accelerated over the past five years.

FIGURE 4.60: NUMBER OF ENERGY THESES

Source: SATD, CREST13

In addition to the general picture, we were particularly 
interested whether this increase also applies to theses 
in the field of renewable energy (bio/solar/wind). We 
found 28 titles in these areas. Table 4.20 lists these theses 
and shows that most appeared in the more recent years 
(especially since 2010). However, it is striking that these 
theses were produced across a large number of universities 
– including the universities of technology.

13  The following keywords were used in searching on both the title 
and abstract fields in the database: *biofuel*, *biogas*, *biomass energy*, 
*coal*, *clean coal*, *clean technolog*, *clean energy*, *decarbonisation*, 
*electricity generation*, *electricity transmission*, *electricity distribution*, 
*energy*, *nuclear engineering*, *green technolog*, *PV technolog*, 
*renewables*, *renewable energy*, *shale gas*, *solar energy*, *wind 
energy*, *wind turbine*, *green energy*, *shale*, *nuclear fuel*, *hydro 
fuel*, *low carbon*.
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TABLE 4.20: ENERGY RESEARCH DISSERTATION TITLES

Thesis title Year University

Application of photovoltaic solar energy to medium-scale installations 2001 UCT

A viable strategy to sugar cane lignocellulosic bio-ethanol development in Southern Africa 2004 UKZN

Optimising the design of solar-driven water pumping systems 2005 VUT

Techno-economic study for Sugarcane Bagasse to Liquid Biofuels in South Africa: A Comparison between 
Biological and Thermochemical Process Routes.

2010 SU

The cultivation and harvesting of micro-algal biomass from the Hartbeespoort Dam for the production of biodiesel 2011 NWU

Effect of alkaline pre-treatments on the synergistic enzymatic hydrolysis of sugarcane (Saccharum officinarum) 
bagasse by Clostridium cellulovorans XynA, ManA and ArfA

2011 Rhodes

Determining sustainable lignocellulosic bioenergy systems in the Cape Winelands District Municipality, 
South Africa

2012 SU

Integration of xylan extraction prior to kraft and sodaAQ pulping from South African grown Eucalyptus 
grandis, giant bamboo and sugarcane bagasse to produce paper pulps, value added biopolymers and 
fermentable sugars

2013 SU

Modelling and optimised control of a wind-photovoltaic microgrid with storage 2013 TUT

Optimal operation control of hybrid renewable energy systems 2014 CUT

An enabling environment for independent power producers in renewable electricity 2014 NMU

A lignocellulolytic enzyme system for fruit waste degradation: commercial enzyme mixture synergy and 
bioreactor design

2014 Rhodes

An assessment of the potential biodiversity impacts from biofuel production in South Africa 2014 SU

Increasing cellulosic biomass in sugarcane 2014 SU

Optimisation of lipid production, harvesting processes and the mass culture of isochrysis galbana U4 for 
biodiesel production

2014 WITS

Power management and sizing optimisation of renewable energy hydrogen systems 2015 NWU

Development and performance investigation of a novel solar chimney power generation system 2015 TUT

Chemical kinetics of biomass and sorbent blends for gasification purposes 2015 UFH

Optimisation of biohydrogen production inoculum development via hybrid pre-treatment techniques : semi 
pilot scale production assessment on agro waste (potato peels)

2015 UKZN

Thermodynamic optimisation and experimental collector of a dish-mounted small-scale solar thermal brayton cycle 2015 UP

A prototype desalination system using solar energy and heat pipe technology 2016 CPUT

Modelling and testing of a low temperature solar organic rankine cycle power plant. 2016 UKZN

Optimal energy control of a grid connected solar-wind based electric power plant. 2016 UKZN

Natural convection and radiation heat loss in solar cavity receivers-numerical modelling performance 
enhancement and optimisation

2016 UP

Computational study of chalcogenide based solar energy materials 2016 WITS

High temperature packed bed thermal storage for solar gas turbines 2016 WITS

Thermal electric solar power conversion panel development 2017 CPUT

Novel approaches to improving domestic solar panel energy yields in sub-Sahara Africa 2017 CPUT

Source: SATD, CREST 

Having said this, the single most frequently researched area 
remains that of coal (coal mining/fossil fuels/coal power 
stations, and so on). The table below lists 59 titles of 
theses disaggregated by university. What is quite striking 
is the fact that three universities (NWU, WITS and UP) 
dominate the production of doctoral theses in this area.

FIGURE 4.61: THESES ON COAL BY UNIVERSITY

 

Source: SATD, CREST
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6. A research agenda
In our final section we summarise – based on our analysis of a 
wide range of reports, reviews and articles, as well as expert 
input – the main research themes and priorities that should 
be put on the agenda of scientists and researchers in the 
field. Three priority areas are distinguished: clean, affordable 
and sustainable energy for all; renewable energy sources and 
technologies; and distributed energy generation and storage.

Priority area: Clean, affordable and 
sustainable energy for all
Priority 1: Identify and assess the viability and 
desirability of potential energy sources

Identify most promising technologies

• There is a need for comprehensive techno-economic 
feasibility studies to inform the R&D agenda (ASSAf 2014a).

Biofuel

• The benefits of and projected biofuel cultivation 
trajectory must be determined (Blanchard et al. 2011; 
Department of Energy 2016; Stafford et al. 2017).

Coal

• There is a need for real-time coal analysis and the characteri-
sation of untapped coal reserves is required (ASSAf 2014a).

Nuclear energy

• The National Development Plan called for a thorough 
investigation of the costs, dangers, environmental benefits, and 
employment opportunities of nuclear energy (NPC 2012).

• Safety, environmental costs and benefits of nuclear energy 
need to be assessed (ASSAf 2014a). The implications of 
delaying the nuclear decision must be evaluated and compared 
with alternative energy supply options (ASSAf 2014a).

Shale gas 

• A review of the state of shale gas research in 
South Africa is required (ASSAf 2016; NPC 2012).

• The economic implications of shale gas development for 
South Africa must be assessed (ASSAf 2016).

Priority 2: Expand research activities

Nuclear research

• National research facilities for nuclear sciences should 
continue to expand their research agenda (DST 2015) 
Uranium enrichment and fuel fabrication solutions are 
required (ASSAf 2014a).

Shale gas research

• Research is required to support national gas infrastructure 
and find solutions for gas storage and gas transport 
(ASSAf 2014a). Environmental challenges related to shale 
gas exploration must be addressed (ASSAf 2014a). 

Priority 3: Develop required technologies

Clean coal technologies

• Clean coal technologies are a national priority (DST 
2008a; NPC 2012). Decarbonisation can only be 
achieved by reducing the absolute contribution of 
coal-fired power and integrating a range of low-
carbon energy supply options (Baker et al., 2015). 
The NDP is committed to the development of clean 
coal technologies “through research and development 
investments and technology-transfer agreements in 
ultra-supercritical coal power plants, fluidised-bed 
combustion, underground coal gasification, integrated 
gasification combined cycle plants, and carbon capture 
and storage, among others” (NPC 2012: 143).

• Switch to less carbon-intensive electricity production 
(renewable, hydro-imports etc.) (NPC 2012). 

• Reduced emissions may require improved technologies 
such as fluidised-bed combustion; and underground coal 
gasification (ASSAf 2014a).

• Carbon capture and storage technologies are required 
(ASSAf 2014a).

Green technologies

• Various national and policy documents (ASSAf 2014a; 
ASSAf 2014b; DoE 2015; DST 2013b; NPC 2012; 
PICC 2012) as well as the African Union’s Agenda 2063 
(AU 2014) emphasise the development of green technology.

• The NDP seeks at least 20 000MW of capacity from 
renewables. The Strategic Investment Programme (SIP 8) 
and the Integrated Resource Plan seeks to develop a 
diverse range of clean energy options.

Priority 4: Evaluate policy performance

Evaluate the REI4P

• An evaluation of the REI4P to date is needed to assess 
progress in the localisation of renewable energy industry, 
to assess the skills required, and to identify the SMME 
contractors that have benefited (McDaid 2014).

• A set of indicators for the monitoring and evaluation 
(M&E) framework for green technology uptake in South 
Africa must be identified (ASSAf 2014b).

Priority area: Renewable Energy sources 
and technologies
Priority 5: Alleviate environmental, economic and 
social concerns

Biofuels

• Further research is required to alleviate environmental, 
economic and social concerns of biofuels (Pradhan & 
Mbohwa 2014 and Stafford et al. 2017). 

• Improved conversion technologies are required 
(Blanchard et al. 2011; Stafford et al. 2017). 
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Priority 6: Develop renewable energy technologies

Biofuels

• Bio-based fuels and chemicals is a priority area for 
research (DoE 2015; DST 2016b). The efficient and cost-
effective conversion of municipal solid waste to energy in 
plasma gasifiers is required (ASSAf 2014a). Hydrothermal 
liquefaction for using wet waste such as sewage sludge 
and municipal solid waste to produce clean coal is also 
called for (Energy expert 2 2018). Large-scale biodiesel 
production from algae is a possibility (ASSAf 2014a).

• Membrane-less microbial fuel cells can generate 
electricity from wastewater treatment (ASSAf 2014a).

• Biogas digester computer prediction models are required 
(ASSAf 2014a). 

Solar/wind/wave technologies

• Solar energy requires improved concentrating solar power 
and PV technologies and applications (ASSAf 2014a). 

• Other areas of research interests includes wave energy 
and wind turbines (DST 2013b; DTI 2014). 

Priority area: Energy efficiency solutions 
for industry plus household use
Priority 7: Energy saving devices required

Household

• Ultra-efficient devices; high-efficiency lighting and 
energy efficiency and demand management enablers 
are required (ASSAf 2014a).

Largescale energy efficient infrastructure

• Technological advances for green buildings are required 
(ASSAf 2014a).

Wider economy

• The anticipated effects of a an economy-wide carbon tax 
should be assessed (ASSAf 2014a).

Priority area: Distributed energy 
generation and storage
Priority 8: Undertake research to advance storage, 
grid integration & smart grid solutions

Storage solutions

• Research and development into storage solutions 
required (DoE 2015).

• Smart grid and energy storage solutions for small-scale 
renewable energy users (ASSAf 2014a).

Grid integration

• Research and technology development has to address aspects 
around existing Original Equipment Manufacturer imported 
technologies (storage, grid integration & smart grids) and 
rural electrification (mini-grids) (Energy expert 3: 2018).

Optimised power generation processes

• Eskom has also underlined a need for better process 
control and analysis in power generation processes and 
optimised combined electricity/chemical production 
(ASSAf 2014a).

7. Concluding assessment
The history of energy research in South Africa reads like 
three tales. The first is the story of the development and 
investment in energy generated from coal (Eskom) and 
the related R&D in the area of the extraction of fuel from 
coal (Sasol) and, more recently, the potential of shale gas. 
The second is the investment in nuclear energy and the 
related investments at Pelindaba and the work of NECSA. 
The third, and most recent episode in this story is the 
focus on developing a R&D capability in renewable energy 
sources (solar, wind, biomass and the like). 

Our analysis of investment in energy research showed 
very clearly that this is a strategic research area which has 
been grossly under-funded. And this applies also to the 
current investments in renewables. Despite the efforts of 
the DST and NRF to support CoEs and, more specifically, 
to increase the number of research chairs in this field, the 
general consensus is that more funding is required.

The results of our analysis of the knowledge expertise in 
energy research re-affirms the results of previous studies 
that this remains a relatively small area of research activity. 
Annual output of scientific articles remains small (ca. 200) 
as does the production of doctoral theses (between 30 and 
40 in the recent past). On a more positive note: it is worth 
emphasising that the recent increases in funding of energy 
research projects by the NRF and the increased outputs of 
doctoral theses are indicative of an expansion of the human 
resources capacity in the country. 

The research agenda and priorities in the field of energy 
research have clearly shifted towards clean and green 
technologies. The focus in all the policy and strategy 
statements of the past 10 to 15 years is on research that 
will inform and drive renewable and green technologies. 
Given the prevailing challenges around energy security in 
the country, it is imperative that more public and private 
funding is investment in this strategic area.

 



207

PART FOUR

Health research
1. Introduction
The history of institutionalised medical research in 
South Africa can be traced to the establishment of the 
South African Institute for Medical Research in 1912. 
Historians of medical research agree that the progress in 
this field can be divided into two distinct episodes: ‘before’ 
and ‘after’ the Institute’s foundation.14 The ‘before’ part is 
quite simple: there was no (public) funding for research, 
no facilities, no posts, and certainly no encouragement 
for original work in this area. Medicine was regarded 
as a well-perfected craft, mastered by its practitioners, 
whose purpose was simply to administer treatment to 
the patients who came to see them (mostly whites). 
The provincial public health laboratories, set up before 
1900, did not conduct any research. Furthermore, the 
doctors, who were few and far between, and who were 
mainly bacteriologists interested in research studies in 
their discipline, only managed to find stimulation or indeed 
finance through veterinary research.

The breakthrough in medical research can be attributed 
to the Chamber of Mines. At the turn of the 20th century, 
this employers’ organisation was concerned about the high 
incidence of illness among the many workers who flocked to 
their sites. In the face of neglect on the part of government 
agencies, the Chamber of Mines pressed the authorities 
to enter into an agreement which led to the establishment 
of a research institute (largely at their expense and 
directed by them). This institute was to use the existing 
knowledge of fundamental biology to elucidate the causes of 
infections or occupational illnesses, which were then poorly 
understood and had various negative effects on production. 
The development of diagnostic tools, treatments and 
prevention methods were also part of the institute’s brief. 
The South African Institute of Medical Research (SAIMR), 
devoted to parasitology and pharmacology, with modern 
scientific equipment and facilities, opened in 1912. Its first 
Director was W. Watkins Pitchford. A specialist in cancer 
generation, he undertook his first investigation into to 
characterising silicosis which had become a serious problem 
for mines. He conducted histological investigations using 
the most recent techniques (e.g. demonstrating how to 
use the properties of polarised light). The SAIMR was the 
birthplace of many a vocation and attracted a concentration 
of aspirant research scientists. Discoveries were made at 
regular intervals: G. D. Maynard worked on the mutation 
of bacteria, while Harvey Pirie focussed his attention on the 
bacteriophages. Pirie made advances in knowledge about 
the plague, whereas Alexander Orenstein worked on yellow 
fever. F. S. Lister was able to differentiate the pneumococcal 
bacteria and develop vaccines on the basis of his results. 

Up until the Second World War, the SAIMR was to remain 
the only notable centre for medical research in South Africa. 

14 This section borrows extensively from Mouton, J. and Waast, R. 
(2000) The history of science in South Africa. Unpublished report.

Its foundation and rapid rise to success testifies to the fact 
that, in an unexpected field, a second force was supporting 
and stimulating the new ‘science for practice’: private 
initiative. Borne out of the necessities of production, and 
goaded on by the managerial associations, it was to develop 
‘home-grown’ applied research. It also pressurised the 
government for assistance in technical surveillance (Western 
Cape producers of fruit and of wool obtained arrangements 
for fact-finding tours to California and to Australia from 
1893), and to take part in basic research, particularly in 
techno-scientific aspects. The ‘technical’ ministries were 
the other source of support for this. As it became more 
professionalised, the ‘science for knowledge’ paradigm 
lost its vitality. It was often practised as an embellishment, 
to give some lustre to an establishment, with no strong 
connection to either social needs or the movement of 
science worldwide. The strong elements of academic, 
university-based science were, and continued to remain, 
botany, entomology and zoology, human paleontology 
and archaeology. Outside of these fields (and sometimes 
even within them) it is agreed and recognised that, up 
to the Second World War, contributions to research by 
university professors were rare, sporadic and often of little 
significance. True, some leading figures in several, sometimes 
new, disciplines made contributions to research, but only 
during their working visits abroad as PhD or postdoctoral 
students. On their return to South Africa, however, they 
ceased to produce research.

An example of this from medicine is W. H. Craib, who 
in Britain, between 1927 and 1930, conducted original 
experimental work in electrophysiology which, with his 
heterodox interpretations (the hypothesis of negativity 
in doublets and dipoles) attracted worldwide attention. 
However, back in South Africa, even though he proved 
to be stimulating as a professor and a bold administrator, 
he did no further research of significance. Vivian Voss, 
who had made interesting discoveries at Johns Hopkins 
University, once back in South Africa distinguished himself 
chiefly by producing good physics textbooks. Another 
point to be noted is that academics who wanted to do 
serious work in research sometimes left the country to 
find more propitious conditions under which to practice 
their talents. The physiologist L. Hogben introduced 
research work in endocrinology. On the basis of this, in 
1933 his students Shapiro and Zwarenstein developed 
a pregnancy test that was used extensively worldwide. 
However, Hogben himself, who was burned in effigy by 
discontented students, left to pursue his career in England. 

In her assessment of the work of the SAIMR, the current 
President of the SAMRC, Glenda Gray, writes as follows 
(Gray & Gentle: 2019: 3-4):

Between 1912 and 1945 the scientific work of the SAIMR 
can be understood in a twofold way: On the one hand, 
it was associated with groundbreaking medical research 
whose relevance and validity are widely acknowledged 
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globally. But, on the other hand, it was informed by a 
paradigm shaped and coloured by a very Eurocentric 
approach to disease. This approach tended to see health 
in terms of pathogens which threatened ‘European lives’ 
in Africa – malaria, sleeping sickness and yellow fever. In 
this it echoed the traditions of other institutes in European 
countries which had a similar paradigm – one thinks of the 
London Institute for Tropical Medicine etc. – in which health 
research prioritised colonial objectives. 

After the Second World War and the establishment of 
the CSIR, some of the research work of the SAIMR was 
absorbed into the CSIR. However, the SAIMR continued its 
work on virology and pathology until 2001 when it merged 
with the National Institute of Virology, the National 
Centre for Occupational Health, as well as university and 
provincial pathology laboratories to form the National 
Health Laboratory Services. 

The focus of the CSIR is on harnessing scientific research 
for industrial development. Within this context, 
medical research was undertaken under the auspices 
of a committee of the CSIR – called the Committee for 
Research in Medical Sciences (CRMS). This committee 
championed the need for a separate science council 
devoted to medical research. This would come to 
fruition when the South African Medical Research 
Council (SAMRC) was established in 1969. According to 
Gray and Gentle (2019: 4), the SAMRC had two main 
research programmes at the time: joint research with or 
research support of universities and medical institutions, 
and research carried out by the SAMRC’s own in-house 
scientists. The SAMRC was responsible for breakthroughs 
in the identification of the causes of parasitic diseases in 
humans such as typhoid, trachoma and cholera as well as 

fungal toxins in food, and for developing vaccines and for 
early treating and treatment of tuberculosis. The SAMRC 
also began combining medical research with broader health 
research such as epidemiology and identifying disease 
patterns in South Africa. 

Gray and Gentle also refer to changes in the global health 
system, which began in the 1970s and which would also 
affect the research programmes and priorities of the 
SAMRC. During the 1970s, various activists started to 
challenge the ‘over-medicalisation’ of health and terms 
such as ‘public health’, the ‘social determinants of health’ 
and ‘primary health care’ became the driving forces behind 
national health research agendas. This was also the case 
in South Africa. Coovadia (2009: 828) describes these 
changes as follows:

The ANC’s health plan, published in 1994, was the 
post-apartheid model for health system change. It had 
its antecedents in the concept of primary health care as 
promoted at Alma Ata and envisioned a system based 
on community health centres, in which children younger 
than 6 years and pregnant mothers would receive free 
treatment, reflecting the recommendations of the Gluckman 
Commission 50 years earlier.

In the next section we elaborate on the current knowledge 
infrastructure in health research in the country.

2. Institutional landscape
The first graph (Figure 4.62) gives an overview of the main 
research-performing institutes and centres in the public 
health system. The subsequent graph elaborates on the 
centres and programmes at the SAMRC and universities.

FIGURE 4.62: SECTOR MAP OF THE INSTITUTIONS RESPONSIBLE FOR HEALTH RESEARCH
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South African Medical Research Council 
(SAMRC)

FIGURE 4.63: SOUTH AFRICAN MEDICAL RESEARCH 
COUNCIL UNITS

South African Research Chairs Initiative 
(SARChI)

FIGURE 4.64: SARCHI CHAIRS AT SOUTH AFRICAN 
UNIVERSITIES CONDUCTING HEALTH RESEARCH
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University of 
the Free State • Pathogenic yeasts

University of 
Johannesburg • Laser Applications in Health
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University of 
Pretoria

• Animal Infectious Diseases (Zoonosis) 

• Biostatistics

• Mathematical Models and Methods in 
Bioengineering and Biosciences

• Plant Health Products From Indigenous 
Knowledge (Systems PHP_IKS)

• Sustainable Malaria Control 

University of the 
Western Cape

• Bioinformatics & Public Health 

• Health systems, complexity and 
social change

• Health Systems Governance 

• NanoElectrochemistry and Sensor 
Technology

University of the 
Witwatersrand

• Bio-inorganic Chemistry

• Bioinformatics of African Populations 

• Chemistry Of Indigenous Medicinal Plants

• Health Policy and Systems 

• HIV Vaccine Translational Research 

• Medical Entomology & Vector Control 

• Pharmaceutical Biomaterials & Polymer-
Engineered Drug Delivery Technologies 

• Protein Biochemistry & Structural Biology 

• Research on Health workforce for 
Equity and Quality

• Vaccine Preventable Diseases 

• Virus-Host Dynamics for Public Health 

University of 
Zululand • Nanotechnology

Source: Based on list obtained from the NRF on 20 February 2019

A distinctive feature of the health research system in South 
Africa is the existence of a number of ‘mega-research’ 
institutions. These are institutes and centres that combine 
in themselves significant human resources, multiple lines of 
research and – very importantly – have operating budgets 
that are much larger than research institutions anywhere 
else in the South African research system. For example, 
the combined budget of the mega-institutions discussed 
below is estimated to be about R1.3 billion (for the 
most recent year). As is evident from their websites and 
annual reports, this funding is mainly due to substantial 
international donor support.

Mega-institutes of health research
The Centre for the AIDS Programme of Research in South 
Africa (CAPRISA)15 was established in 2002 as a non-profit 
AIDS research organisation through a Comprehensive 
International Program of Research on AIDS (CIPRA) 
grant of R110 million from the National Institutes of 
Health (NIH). The programme includes about 40 staff 
who conduct research on HIV prevention and treatment, 
as well as training young scientists in the field through 
their collaborative networks. The five main partner 
institutions are UKZN, UCT, UWC, the National Institute 
for Communicable Diseases, and Columbia University in 
New York. CAPRISA hosts both the DST/NRF CoE in 
HIV Prevention and the MRC HIV-TB Pathogenesis and 
Treatment Research Unit.

CAPRISA conducts research in four main scientific 
programmes, namely: HIV pathogenesis and vaccines, 
HIV and TB treatment, microbicides, and prevention and 
epidemiology. A fifth area of research on the prevention 
of mother-to-child transmission is conducted mainly in 
partnership with other centres. Since its launch, CAPRISA 
has been funded by various other organisations, including 
both local and international funders. These include DST, 
Howard Hughes Medical Institute, the Royal Netherlands 
Embassy, the NRF, Gilead Sciences, US Centers of Disease 
Control and Prevention, the European Commission, 
and the United States Agency for International 
Development (USAID).

Wits Reproductive Health and HIV
Institute (WRHI)
The Reproductive Health Research Unit (RHRU) 
was established by Professor Helen Rees in 1994 as a 
joint initiative between the university and the Greater 
Johannesburg Metropolitan Council. In 2010, the unit was 
granted institute status by the university and was renamed 
the University of the Witwatersrand’s Reproductive Health 
and HIV Institute (WRHI).16 The institute forms part of 
the Faculty of Health Sciences and is the largest research 
institute at the university. 

The aim of the institute is to support the South African 
government in developing national policies around HIV, and 
sexual and reproductive health issues. It does this through 
its research and expertise in technologies to improve 
HIV treatment and care; optimisation of antiretroviral 
treatment; involvement in clinical trials on sexually-
transmitted human papillomavirus; respiratory syncytial 

15  https://www.caprisa.org/.

16  http://www.wrhi.ac.za/.
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virus and TB vaccines; and research on integrated sexual 
and reproductive healthcare, women’s health and sexually-
transmitted infections.

WRHI is a Joint United Nations Programme on HIV/
AIDS (UNAIDS) and SAMRC collaborating centre. 
In 2015, it became a United Nations Population Fund 
(UNFPA) strategic partner. At that time, it employed 
over 520 staff including paediatricians, doctors, nurses, 
psychologists, dieticians, trainers, counsellors, data clerks, 
epidemiologists and researchers, all supporting multi-
disciplinary research. WRHI is a donor-funded organisation 
totalling over R532 million per annum. Funding sources 
comprise both local and international partners such as 
the Department of Health, the DST, the SAMRC, NRF, 
Wellcome Trust, Medical Research Council UK, National 
Institutes of Health, the Bill and Melinda Gates Foundation, 
European Union, World Health Organization, USAID, the 
US President’s Emergency Plan For AIDS Relief (PEPFAR), 
Vodacom Foundation, and various corporate entities in 
South Africa (WITS RHI 2017). 

Institute of Infectious Disease and 
Molecular Medicine (IDM)
The Institute of Infectious Disease and Molecular Medicine 
(IDM)17 was established in 2004, based in the Faculty of 
Health Sciences at UCT. Research at the IDM focusses 
on the topics of infectious diseases, with an emphasis on 
HIV/AIDS and TB, non-communicable diseases (including 
prevalent cancers), genomic medicine, and molecular 
medicine (including early-stage drug discovery). In 2015, 
the institute consisted of 330 staff members appointed at 
academic departments, 87 postdoctoral fellows, and 157 
doctoral students (IDM 2015). 

The IDM has a wide network of collaborate partners and 
partner institutes. Three of the institute’s main research 
partners are the South African TB Vaccine Initiative 
(SATVI), the Wellcome Centre for Infectious Diseases and 
Research in African (CIDRI-Africa), and the Desmond Tutu 
HIV Centre (DTHC). The centre also hosts six SARChI 
Chairs in: Applied Proteomics and Chemical Biology, 
Cancer Biotechnology, Drug Discovery, Immunology of 
Infectious Diseases in Africa, Poverty-related Infections, 
and Vaccinology. Four SAMRC research units are hosted 
by IDM, namely the Drug Discovery and Development 
Research Unit, the Immunology of Infectious Diseases 
Research Unit, the Molecular Mycobacteriology Research 
Unit, and the Precision and Genomic Medicine Research 

17  http://www.idm.uct.ac.za/.

Unit. Lastly, the institute also forms part of various 
other research entities including the DST/NRF CoE for 
Biomedical TB research (CBTBR). 

In 2015, the total research funds of IDM were 
R427.5 million. The institute is funded through grants by 
both local South African organisations and international 
funders. These include the Wellcome Trust, the Bill and 
Melinda Gates Foundation, the SAMRC, the NRF, the US 
National Institutes of Health, European and Developing 
Countries Clinical Trials Partnerships, Horizon 2020, and 
Aeras Global TB Vaccine Foundation.

Documentary review data and 
expert feedback on investment in 
health research
Our review of key documents in health, augmented by 
expert feedback, has raised a number of issues related to 
funding of health research. These can be grouped under 
three broad categories:

• Scarcity of information about the health workforce and 
health system,

• Lack of reliable national surveillance data, and

• Lack of translation into medical technologies.

There is a scarcity of timely and good-quality information 
about the health workforce and health system, as noted by 
Mayosi and Benatar (2014):

In the development of a strategic plan for human resources 
for health by the Department of Health, the scarcity of 
good-quality information about the health workforce also 
became apparent. (p16)

South Africa can be judged to be data rich but information 
poor, because the data systems [key indicators and data 
sources to be used by the health ministry] might not provide 
nationally representative, good-quality information in a 
timely manner. (p15)

This may in part be attributed to a lack of a national 
surveillance system for alcohol and substance abuse, 
communicable diseases, non-communicable diseases (includes 
surveillance and mental health service data), and injury 
and violence (Chipps & Ramlall 2012; DoH 2011; Mayosi et 
al. 2012). Statistics on health and communicable diseases 
(surveillance and vital statistics) are also to be improved 
(SANAC 2011). A repository for South African environmental 
health research is also required (Wright et al. 2014). Improved 
maternal and mortality data and information systems are also 
a priority (DoH 2011; Mayosi et al. 2012).
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FIGURE 4.66: EXPENDITURE ON MEDICAL AND HEALTH 
SCIENCES (R’000) (2006-2017)

Source: Data obtained from the South African National Survey of R&D 
Statistical report 2016/2017 (CeSTII 2018)

The need to take stock of health research, human 
resources and funding is therefore underlined by numerous 
authors and national policy documents:

• The SAMRC should lead a process to take stock of 
health research and scholarship funding across science 
councils and related national bodies (SAMRC 2010).

• A national health information system is also called for 
(DoH 2015). This may incorporate a surveillance system 
(Chipps & Ramlall 2012; DoH 2011; Mayosi et al. 2012), 
as well as a proposed database that keeps track of 
education and training opportunities; graduates; career 
opportunities; health professionals; and the demand 
and supply of various specialists and subspecialists 
(DoH 2012). 

• Effective data systems should be prioritised to inform 
decision-making and regular monitoring across the 
system (NPC 2012).

• Data sources need to be integrated (from academia, 
governments and the private sector) to elucidate the 
burden of disease among South Africans (DoH 2011; 
NPC 2012). Regular independent data quality audits are 
required (NPC 2012).

• Monitoring and evaluation of the performance of the 
health research system of South Africa is required 
(DoH 2012).

Another issue highlighted relates to the lack of medical 
technologies produced:

Even though there is evidence of medical device 
development activity and cross-sectoral collaboration 
occurring locally within the country, [there is a] 
lack of translational collaborations [collaborations 
between academia, healthcare and industry]. 
(De Jager et al. 2017: 7)

“… lack of adequate infrastructure at universities to 
galvanize new technology like whole genome sequencing …” 
(Health expert 1: 2018)

The dominance of clinical research by the pharmaceutical 
industry has also impacted on the limited innovation and 
original science undertaken.

… dominance of contract clinical research from the 
pharmaceutical industry with extremely limited indigenous 
innovation and original science. (DoH 2015: 4)

3. Investment in health research
CeSTII’s most recent R&D survey report shows that the 
investment in health R&D has been increasing at a very 
healthy average annual growth rate of 10.5% between 
2006/2007 and 2016/2017 (Figure 4.65). Expenditure 
increased from R2.73 billion in 2006/2007 to R4.73 billion 
in 2016/2017. The bulk of this funding has come from the 
higher education and business sectors. Government and 
science council expenditure is relatively low. Expenditure 
by the higher education sector has increased rapidly since 
2013/2014. As indicated in the section above, this is probably 
mainly due to the increases in international funding for 
clinical trials and other health research in the country. 
In addition, the NRF has also increased its funding in this 
area through the establishment of numerous research chairs.

A similar trend for R&D expenditure on medical and health 
sciences is observed. Over the past decade, expenditure 
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increased from R2.49 billion in 2006/2007 to R6.87 billion in 
2016/2017, which translates into an average annual growth 
rate of 10.6%. Again, the bulk of this funding has come from 
higher education and the business sector, while government 
and science council expenditure is relatively low.

Both the parliamentary grant to the SAMRC as well as 
estimated funding for expenditure on S&T activities by the 
Department of Health have shown measured increase. 

FIGURE 4.67: EXPENDITURE ON SAMRC AND DOH (R’000) 

(2011-2018)

Source: DST (2016a)

NRF support of the SARChI Chairs are suspected to account 
for the substantial increase in funding from the NRF after 
2008, which increased from R21 million to R114 million in 
2015. The amounts below have been adjusted for inflation.

FIGURE 4.68: NRF FUNDING FOR THE HEALTH SCIENCES  
(2002-2015)

 

Source: Calculated based on data obtained from the NRF

 

Documentary review data and expert 
feedback on investment in health research
Despite the increases in health R&D, our review of key 
documents and feedback from some health experts 
bemoan the scale of underfunding, and especially the lack 
of public-private funding. There are also criticisms that 
some high priority research and technologies are not 
sufficiently funded. 

There is not enough national as well as public-private 
funding for health research:

There is inadequate funding of health research by the 
Government of South Africa, especially by the DoH. 
(DoH 2011: 1)

“Lack of/insufficient public-private funding investment in 
Research Institutes and Research Centres of Excellence at 
HEIs (or affiliated to HEIs).” (Health expert 2: 2018)

Some high priority research and technologies are currently 
not sufficiently funded:

… high-priority research areas, including non-communicable 
disease research, burden of disease and mental health 
research, are not easy to fund through international sources 
and thus are relatively underfunded in South African 
research. (SAMRC 2015: 36)

“In the absence of nationally funded initiatives to promote 
and fund African genomic research and skills development 
– we are unlikely to generate substantive genomic and omic 
data for South African biomedical researchers to benefit.” 
(Health expert 3: 2018)

4. Human resources for 
health research
Our analysis of the human resource base in the field of 
health research is confined to academic and research staff 
at universities since the R&D survey does not report on 
the number of health researchers in the sector. The results 
of our analysis show a steady decline in headcount numbers 
of staff between 2010 and 2015. If one assumes that the 
average staff member devotes approximately 20% of their 
time to research, this would translate into approximately 
500 FTE researchers in medical and health research in the 
sector by 2015.
 

Researchers
 
FIGURE 4.69: HEALTH INSTRUCTIONAL AND RESEARCH STAFF 
(2010-2015)

 Source: Calculated from HEMIS data
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FIGURE 4.70: MASTERS AND PHD GRADUATES IN HEALTH 

(2010-2016)

 

Source: Calculated from HEMIS data

Student graduates
At the same time, as we witnessed a decline in the 
numbers of academic staff, the numbers of master’s and 
PhD graduates in the health sciences increased significantly. 
Figure 4.70 shows how the number of doctoral graduates 
in particular more than doubled from 197 in 2010 to 497 
in 2016.

The tables below present more detail about the trends 
in graduations for master’s and doctoral students by year 
and subfields.
 

TABLE 4.21: MASTER’S GRADUATES IN HEALTH BY CESM SUBFIELDS (2010-2016)

CESM subfield 2010 2011 2012 2013 2014 2015 2016 Total

Chiropractic 49 44 72 48 53 50 50 366

Communications disorders sciences and services 35 47 48 37 29 39 36 271

Dentistry, advanced dentistry and oral sciences 13 28 30 37 39 45 43 235

Dental support services and allied professions 2 0 4 1 2 1 3 13

Health and medical administrative services 9 37 10 16 30 13 11 126

Medicine 18 19 14 8 12 34 27 132

Medical clinical sciences 359 414 375 383 381 511 629 3 052

Nursing 128 119 166 152 174 198 191 1 128

Optometry 1 3 2 1 5 7 3 22

Osteopathic medicine/osteopathy 0 0 0 0 0 0 0 0

Pharmacy, pharmaceutical sciences and administration 69 58 87 91 69 92 138 604

Podiatric medicine/podiatry 0 0 0 0 2 2 0 4

Public health 237 205 234 251 229 242 227 1 625

Rehabilitation and therapeutic professions 69 94 115 106 100 102 110 696

Medical illustration and informatics 1 0 1 0 0 1 0 3

Dietetics and clinical nutrition services 14 19 27 21 21 32 31 165

Bioethics/medical ethics 0 10 5 5 6 8 9 43

Alternative and complementary medicine and medical systems 25 20 23 17 17 24 22 148

Somatic bodywork and related therapeutic services 2 2 1 2 1 2 3 13

Energy and biologically based therapies 3 2 5 1 2 0 0 13

Medical radiologic technology/science (radiography) 6 5 12 8 4 8 10 53

Health professions and related clinical sciences, other 9 5 13 146 153 149 159 634

Cell/cellular biology and anatomical sciences 10 13 25 26 27 37 25 163

Microbiological sciences and immunology 59 75 51 74 76 90 99 524

Physiology, pathology and related sciences 47 45 43 49 61 68 64 377

Pharmacology and toxicology 11 14 14 24 9 14 17 103

TOTAL 1 176 1 278 1 377 1 504 1 502 1 769 1 907 10 513

Source: Calculated from HEMIS data 
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TABLE 4.22: MASTER’S GRADUATES IN MEDICAL CLINICAL SCIENCES BY CESM SUBFIELDS (2010-2016)

CESM subfield 2010 2011 2012 2013 2014 2015 2016 Total

Aerospace medicine 1 0 0 0 2 1 3 7

Allergies and immunology 0 4 2 4 1 0 7 18

Anaesthesiology 21 27 37 17 20 44 63 229

Cardiology 1 0 0 1 0 0 2 4

Paediatric cardiology 0 0 0 1 3 3 2 9

Chemical pathology 8 5 5 2 2 8 4 34

Neurology 1 0 1 0 1 0 0 3

Paediatric neurology 3 0 0 1 0 0 0 4

Psychiatry 17 22 22 29 26 32 31 179

Child psychiatry 1 0 0 0 16 8 13 38

Critical care medicine 0 2 0 1 0 3 0 6

Dermatology 2 2 2 2 2 5 9 24

Dermatopathology 0 1 1 0 0 0 2 4

Diagnostic radiology 11 13 11 5 4 6 22 72

Emergency medicine 8 21 17 24 21 23 26 140

Family medicine 55 86 40 26 31 34 39 311

Forensic pathology 1 1 0 4 4 8 4 22

Gastroenterology 0 0 0 0 0 1 1 2

General surgery 20 19 19 8 15 28 18 127

Paediatric surgery 0 1 1 2 4 1 3 12

Haematology 3 8 6 14 7 14 12 64

Haematological pathology 1 3 0 3 2 3 2 14

Infectious diseases 1 0 1 3 2 2 4 13

Internal medicine 12 26 25 24 28 28 43 186

Laboratory medicine 9 2 9 10 10 16 25 81

Neonatal-perinatal medicine 0 0 2 0 3 1 2 8

Nephrology 1 2 1 0 2 1 1 8

Neurological surgery/neurosurgery 1 3 5 5 3 4 8 29

Neurology 3 3 2 2 2 2 3 17

Nuclear medicine 2 4 4 6 5 5 3 29

Obstetrics and gynaecology 20 23 22 21 20 23 30 159

Occupational medicine 1 0 3 3 2 3 3 15

Oncology 5 0 2 0 0 3 2 12

Ophthalmology 5 8 13 14 11 17 21 89

Orthopaedics/orthopaedic surgery 16 22 13 15 9 11 25 111

Otolaryngology 8 4 6 6 5 6 3 38

Pathology 15 12 7 12 10 5 10 71

Paediatric endocrinology 0 0 1 0 0 0 0 1

Paediatric nephrology 0 0 0 0 0 0 2 2

Paediatrics 15 16 23 27 17 45 53 196

Plastic surgery 6 1 3 4 1 3 2 20

Preventive medicine 8 12 10 18 17 22 26 113

Public health medicine 3 3 10 20 16 17 26 95

Pulmonary disease 0 1 2 0 0 0 0 3

Radiation oncology 2 2 4 3 3 2 5 21

Radio Isotopic pathology 0 1 3 1 2 1 0 8

Rheumatology 0 0 0 0 0 1 0 1
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CESM subfield 2010 2011 2012 2013 2014 2015 2016 Total

Sports medicine 4 8 6 6 12 5 6 47

Thoracic surgery 4 1 4 0 1 1 2 13

Urology 4 5 7 1 2 4 3 26

Vascular surgery 0 0 0 0 0 1 0 1

Cytopathology 0 4 0 1 0 0 0 5

Palliative medicine 6 1 5 4 3 4 4 27

Genetic counselling 0 4 1 3 0 3 2 13

Medical clinical sciences, other 54 31 17 30 34 53 52 271

TOTAL 359 414 375 383 381 511 629 3 052

Source: Calculated from HEMIS data

TABLE 4.23: PHD GRADUATES IN HEALTH BY CESM SUBFIELDS (2010-2016)

CESM subfield 2010 2011 2012 2013 2014 2015 2016 Total

Chiropractic 0 0 22 0 0 0 0 22

Communications disorders sciences and services 4 4 4 3 4 7 0 26

Dentistry, advanced dentistry and oral sciences 0 2 3 4 5 4 6 24

Dental support services and allied professions 0 0 0 0 0 0 0 0

Health and medical administrative services 0 1 2 0 0 0 0 3

Medicine 2 13 8 12 5 6 12 58

Medical clinical sciences 71 82 70 127 126 150 191 817

Nursing 20 14 16 30 35 41 56 212

Optometry 1 1 0 0 3 3 1 9

Pharmacy, pharmaceutical sciences and administration 14 18 22 13 24 27 31 149

Public health 18 20 26 31 50 51 67 263

Rehabilitation and therapeutic professions 12 12 19 27 26 20 27 143

Medical illustration and informatics 0 0 2 0 1 0 0 3

Dietetics and clinical nutrition services 2 5 6 7 8 4 5 37

Bioethics/medical ethics 0 0 0 0 1 3 0 4

Alternative and complementary medicine and medical systems 0 1 0 1 0 0 0 2

Medical Radiologic technology/science (radiography) 0 0 2 3 0 0 1 6

Health professions and related clinical sciences, other 1 2 1 6 20 5 4 39

Cell/cellular biology and anatomical sciences 6 8 6 13 15 15 20 83

Microbiological sciences and immunology 31 27 30 31 33 41 41 234

Physiology, pathology and related sciences 13 16 11 21 17 29 25 132

Pharmacology and toxicology 2 4 6 4 2 6 10 34

TOTAL 197 230 256 333 375 412 497 2 300

Source: Calculated from HEMIS data

TABLE 4.24: PHD GRADUATES IN MEDICAL CLINICAL SCIENCES BY CESM SUBFIELDS (2010-2016)

CESM subfield 2010 2011 2012 2013 2014 2015 2016 Total

Aerospace medicine 0 0 0 0 0 1 0 1

Anaesthesiology 0 0 1 1 0 0 1 3

Cardiology 0 0 0 1 1 0 0 2

Chemical pathology 1 0 2 2 1 5 3 14

Neurology 0 0 0 1 0 1 0 2

Psychiatry 6 8 8 8 9 9 7 55

Dermatology 0 0 0 0 1 0 1 2

Diagnostic radiology 0 0 0 0 0 1 1 2
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CESM subfield 2010 2011 2012 2013 2014 2015 2016 Total

Emergency medicine 0 0 1 1 1 1 5 9

Family medicine 0 1 1 2 3 1 2 10

General surgery 1 2 1 2 2 1 4 13

Haematology 1 0 1 9 5 5 6 27

Haematological pathology 0 0 0 1 1 0 0 2

Infectious diseases 0 0 0 2 1 0 2 5

Internal medicine 5 4 3 9 5 9 8 43

Laboratory medicine 0 2 4 4 4 2 4 20

Neurological surgery/neurosurgery 0 0 0 0 1 1 0 2

Neurology 0 1 0 0 0 0 0 1

Nuclear medicine 0 0 0 1 1 0 2 4

Obstetrics and gynaecology 1 2 2 2 4 3 4 18

Occupational medicine 0 0 0 0 0 1 1 2

Ophthalmology 0 0 0 1 1 0 0 2

Orthopaedics/orthopaedic surgery 0 0 0 0 1 3 0 4

Pathology 0 1 0 0 1 1 2 5

Paediatrics 1 5 6 5 5 14 13 49

Plastic surgery 0 0 0 0 0 0 1 1

Preventive medicine 0 0 0 1 0 0 0 1

Public health medicine 5 0 0 0 0 0 0 5

Thoracic surgery 1 2 1 0 1 1 2 8

Medical clinical sciences, other 9 26 7 14 7 8 10 81

TOTAL 71 82 70 127 126 150 191 817

Source: Calculated from HEMIS data

FIGURE 4.72: PHD GRADUATES IN HEALTH (2010-2016)

Source: Calculated from HEMIS data

FIGURE 4.71: MASTER’S GRADUATES IN HEALTH (2010-2016)

 

Source: Calculated from HEMIS data

 Medical clinical sciences

 Public health

 Nursing

 Rehabilitation and 
therapeutic professions

 Health professions and 
related clinical sciences, 
other

 Pharmacy, pharmaceutical 
sciences and 
administration

 Microbiological sciences 
and immunology

 Physiology, pathology and 
related sciences

 Chiropractic

 Communications 
disorders sciences and 
services

 Dentistry, advanced 
dentistry and oral 
sciences

 Dietetics and clinical 
nutrition services

 Cell/cellular biology and 
anatomical sciences

 Medical clinical sciences

 Public health

 Microbiological sciences 
and immunology

 Nursing

 Pharmacy, pharmaceutical 
sciences and administration

 Rehabilitation and 
therapeutic professions

 Physiology, pathology and 
related sciences

 Cell/cellular biology and 
anatomical sciences

 Medicine

 Health professions and 
related clinical sciences, 
other

 Dietetics and clinical 
nutrition services

 Pharmacology and 
toxicology

 Communications 
disorders sciences 
and services

817
36%

263
11%234

10%

212
9%

149
6%

143
6%

132
6%

3 052
29%

1 625
15%

1 128
11%

696
7%

634
6%

604
6%

524
5%

377
4%

3%
3%

2%

2%
148
1%

1%

1%
53

0%2%
1%

83
4%

58
3%

39
2%

37
2% 34

1%



218

The state of the South African research enterprise

Documentary review data and expert 
feedback on health researchers
As early as 2012, the goal to double the number of health 
researchers was posited (DoH 2012: 2):

The increased funding should be used to at least double the 
number of health researchers and academic clinicians over 
the next 10 years, in line with the Human Resources for 
Health Strategy of South Africa (2012/13 - 2016/17). The 
increased production of health researchers may be achieved 
by the creation of a ‘National Health Scholars Programme’ 
to fund PhD studentships, post-doctoral fellowships, mid-
career research posts, and research chairs in all healthcare 
fields including medicine, dentistry and nursing.

This is required to address a reported skills shortage. 
Senkubuge and Mayosi (2012) argue that there are too 
few productive researchers doing research outside of 
HIV, AIDS and TB. There are, in particular, too few black 
researchers (ibid.: 1):

The health research enterprise in SA is dominated by 
a small core of productive researchers, who are largely 
externally funded and focus on HIV, AIDS and tuberculosis. 
The representation of black research leaders is low.

But even in the fields of HIV and TB, there are a small 
number of researchers:

[HIV/AIDs and TB] … small number of full-time equivalent 
researchers compared with other countries (2.2 FTE 
researchers per 1 000 total employed people in South 
Africa compared with 7.4 per 1 000 in Russia), and who are 
mainly confined to historically advantaged universities and 
communities. (DoH 2011: 3)

Finally analysis of the addresses of the most cited HIV/AIDS 
articles (ESI Science Watch 2006) internationally identified 
an absence of South African researchers in the list. (Pouris 
& Pouris 2014: 550)

The number, demography and location of non- 
communicable-disease researchers is also reportedly a 
challenge (DoH 2015: 4):

[non-communicable diseases] … a small number of ageing 
researchers who are mainly from the historically advantaged 
groups and affiliated with historically advantaged institutions.

As early as 2009, warnings were issued of the ageing and 
declining of the clinical research force (ASSAf 2009: xxiv): 

We find that in numbers since the early 1990s. The 
combined burden of clinical teaching and training, health 
service, and research thus falls on a shrinking and ageing 
pool of academics in health science faculties. This means 
that there is limited capacity to increase the production 
of properly trained health care workers and to train 
and inspire a new generation of clinical researchers. 
Simultaneously, the situation has brought about an inability 

to cope with the increasing demands of clinical service 
imposed by the colliding epidemics of infectious disease 
(TB and HIV/AIDS) and non-communicable disease (heart 
disease and stroke).

This has led to commitments to strengthen clinical 
research capabilities (DST 2013a) and revitalise clinical 
research and innovation capacity in higher education 
institutions (DoH 2012). 

Research skills are required to advance the progress 
of various government plans and innovation ambitions. 
For example in 2010 the SAMRC underlined that 
(SAMRC 2010: 36):

… skills are also needed on a number of other fronts, 
notably the ‘Farmer to Pharma’ (‘Bioeconomy’) Grand 
Challenge of the DST’s 10-Year Innovation Plan, and the 
interest of the Department of Trade and Industry (‘the 
DTI’) in increasing one the largest areas of foreign direct 
investment into the country.

The bio-economy strategy underlines the need for 
skills in the disciplines of genomics (the study of the 
genomes of organisms), proteomics (the study of 
proteins), and bioinformatics (the study of how biological 
data is stored, retrieved and analysed) (DST 2013a). 
Greater research capacity in, for example, genomics, 
neuroimaging and neuro-technologies is also required 
(Health expert 2: 2018). It is therefore imperative that 
skills are retained and opportunities for postdocs are 
made available.

“… too few scientist posts available, lack of appropriately 
skilled people, inability to retain good scientists (job 
insecurity if on grants), too little funding – core funding 
would help stabilize research groups dependent of soft 
funding.” (Health expert 4: 2018)

“Lack of career security for postdocs and early- to mid- 
career researchers at HEIs. This requires dedicated funding 
and infrastructure.” (Health expert 2: 2018)

5. The knowledge expertise in 
health research
In Part Three of this report we presented detailed 
bibliometric information on the publications in health 
sciences in the WoS between 2000 and 2016. As we 
have indicated before, the counting of papers in the 
WoS at the level of subfields produce over-estimates of 
the actual publication output as journals are assigned to 
different (mostly cognate and related) subject categories. 
The advantage of the OmniViz cluster analysis is that it 
produces mutually-exclusive categories of publication 
organised according to the proximity of key terms in the 
titles and abstracts of the WoS articles. For the health 
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sciences, the thematic analysis produced four main clusters 
(Table 4.25) from more than 16 100 individual articles. The 
results are interesting as they show the huge focus in South 
Africa on research devoted to infectious diseases (70%+), 
with less effort devoted to general healthcare and human 
behavioural and mental health research.

TABLE 4.25: MAIN CLUSTERS IN HEALTH RESEARCH

Cluster name Articles Share of 
articles

Key terms

Infectious disease – 
HIV/AIDS

7 415 46.1% HIV/AIDS, 
infection, virus, 
vaccine, immune, 
infect, prevention, 
prevalence, health

Infectious disease 4 153 25.8% Virus, infection, 
outbreak, infect, 
phylogenetic, 
sequence, 
surveillance, fever, 
disease, cohort, 
anti-retroviral, 
adherence, 
regiment, malaria, 
parasite, vector, 
plasmodium, 
falciparum, anti-
malaria, pathogen

Human behaviour 2 626 16.3% Well-being, life, 
psychology, well-
being, stress, cope, 
psychiatry. Mental 
health, anxiety, 
depressions, 
resilience, adaption.

General healthcare 1 907 11.8% Healthcare, 
worker, sector, 
health service, 
need, health care 
provider, disability, 
rehabilitation, 
inclusive health, 
mortality, survival 
rate, patient, death

In an attempt to ‘replicate’ these results with regard to 
doctoral theses produced between 2000 and 2016, we 
used the exact same keywords as identified by the OmniViz 
cluster analysis and applied these to our doctoral thesis 
database. The next three figures present the results for 
these three clusters as extracted from doctoral theses (we 
collapsed the first two main clusters on infectious diseases 
into one). The total number of theses identified through 
these searches produced the following counts: theses on 
infectious diseases (762), general healthcare (814) and on 
human behaviour and mental health (547). It is interesting 
that the results from our analyses of the doctoral theses 
suggest a more even share across these three ‘main areas 
of work’. 

FIGURE 4.73: DOCTORAL THESES ON INFECTIOUS DISEASES 
(2000-2016)

 
Source: SATD, CREST

FIGURE 4.74: DOCTORAL THESES ON HUMAN BEHAVIOUR AND 
MENTAL HEALTH (2000-2016)

 

 
Source: SATD, CREST

FIGURE 4.75: DOCTORAL THESES ON GENERAL HEALTHCARE 
(2000-2016)

 
Source: SATD, CREST
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6. A research agenda
In our final section we summarise – based on our analysis 
of a wide range of reports, reviews and articles, as well as 
expert input – the main research themes and priorities that 
should be put on the agenda of scientists and researchers 
in the field. Three priority areas are distinguished: 
Optimisation of health systems; Improving the quality of 
healthcare; and Digitisation of health systems.

Priority area: Optimisation of 
health systems
Priority 1: Coordinate the national health system to 
address the national burden of disease

Identify research gaps to address the burden of disease

• Use evidence to inform planning, resource allocation and 
clinical practice (NPC 2012).

• The SAMRC committed to lead a process to take stock 
of health research across science councils and related 
national bodies, and to identify gaps in research and 
coordinate partnerships/collaboration (SAMRC 2010). 
SAMRC priority research areas for the period 2015 to 
2020 are determined by the burden of disease, the cost-
effectiveness of interventions, and the health needs of 
vulnerable groups (woman, older persons, children and 
people with disabilities) (SAMRC 2015).

Priority 2: Improve diagnosis and treatment of disease

Diagnostics

• Point-of-care diagnostic kits are required (DST 2013a).

• Improve detection and treatment of HIV/AIDS and TB 
(DoH 2015; SAMRC 2015; SANAC 2011).

Drug development

• South Africa has almost 10% of the world’s known plant 
species and is therefore well endowed for bioprospecting 
for the development of pharmaceuticals (DST 2013a). 

• The manufacturing of active pharmaceutical ingredients, 
vaccines, biopharmaceuticals, phytomedicines, African 
traditional medicines and prophylactics; and develop 
improved therapeutics and drug delivery systems should 
consequently be developed (DST 2008a; DST 2013a). 
Opportunities for the manufacture of biosimilars 
(subsequent versions of approved biopharmaceutical 
products made by a different sponsor following patent 
expiry) is underlined (DST 2013a).

• New TB drugs and HIV drugs are required (Health 
expert 1: 2018). The need to address drug resistance to 
combat TB is emphasised (DoH 2011).

• The potential for discovery of (indigenous) drugs for the 
treatment and prevention of non-communicable diseases 
is underscored (DoH 2011).

Clinical research

• Strengthen clinical research capabilities (DST 2013a). 
Revitalise clinical research and innovation capacity in 
higher education institutions (DoH 2012).

• Investigate public perceptions of clinical trials, and 
monitor and evaluate the clinical research enterprise 
(ASSAf 2009). 

Priority area: Improving the quality 
of healthcare
Priority 3: Ensure widespread access to healthcare

Undertake research to support the establishment of national 
health insurance

• Research is required to successfully and effectively 
establish national health insurance (Mayosi et al. 2012).

Priority 4: Targeted areas for research to address the 
burden of disease

Reduce child and maternal mortality rates

• Identify the social determinants related to maternal 
death and determine the quality of maternal services 
(DoH 2011).

• Generate a better understanding of neonatal infections, 
determine the HIV profile in children, determine the 
impact of vaccines, ascertain why a large proportion of 
deaths occur outside of healthcare facilities, and maintain 
a focus on HIV/AIDS and TB (DoH 2011).

Undertake research related to HIV/AIDS and TB

• Gain a better understanding of how to address  
HIV/AIDS and TB (SAMRC 2015).

• Applied social sciences and public health research on 
HIV/AIDS (HSRC 2017a).

Research to reduce risk factors for non-communicable diseases

• Reduce risk factors for non-communicable diseases 
(DoH 2015). In this regard, investigate the possibility 
of a sugar tax and healthy food subsidies (Health 
expert 6: 2018).

• Epidemiological research is required to establish patterns 
of contamination and health effects of mycotoxins 
(NASAC 2018). Bioscience innovation can help enhance 
nutrition and improve health (DST 2013a). 

Social, environmental and ‘other’ determinants of disease

• Identify the social determinants of disease as a critical 
prevention strategy (NPC 2012).

• Investigate norms around violence in South Africa and 
the effect of socio-economic factors (Ward et al. 2012). 
Identify culturally appropriate parenting interventions, 
effective policing and models for detaching young people 
from gangs; identify ways to improve neighbourhood 
quality; conduct research to better understand the 
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causes of violent behaviour; effects of media on violent 
behavior to be established; and identify potential 
interventions (Ward et al. 2012). 

• The SAMRC seeks to contribute towards new 
knowledge in the area of maternal, child and women’s 
health with an explicit focus on gender-based violence 
effects on health (SAMRC 2015).

• Explore linkages between disease and climate change, 
and develop a health data-capturing system that informs 
responses to risks and threats (DEA 2011).

• The impact on health of linkages between various 
policies (e.g. dealing with human settlements, transport, 
basic services, education, energy, trade, agriculture, etc.) 
should be assessed and understood (NPC 2012).

‘Omics’ Sciences

• Advanced research in, for example, genomics, 
proteomics and metabolomics to inform interventions 
proven to be effective in a particular circumstance 
(Health expert 6: 2018).

• R&D activities should be aiming to monitor potential 
differences in disease development based on the African 
ancestry in comparison to the rest of the world. Clinical 
trials, especially including patients with African ancestry, 
could then be used to validate and confirm the value of 
according ‘African’-specific biomarkers of disease (Health 
expert 5: 2018).

Priority 5: Assess the effectiveness of interventions

Monitor and evaluate interventions

• Intervention to be monitored and evaluated to establish 
effectiveness (DoH 2011).

Priority area: Digitisation of health systems
Priority 6: Digitise and harmonise health data

• Data sources need to be integrated (from academia, 
governments and the private sector) to elucidate the 
burden of disease among South Africans (DoH 2011).

Priority 7: Develop and maintain required databases

Specific database and repository requirements

• Surveillance and mental health service data is required 
(Chipps & Ramlall 2012).

• Improved mother and child healthcare data (particularly 
mortality data) and information systems are a priority 
(DoH 2011; Mayosi et al. 2012).

• A repository for South African environmental health 
research is required (Wright et al. 2014). 

• A health data-capturing system that tracks linkages between 
disease and climate change is required (DEA 2011).

• A comprehensive and inter-sectoral national injury and violence 
surveillance system must be developed (Mayosi et al. 2012).

• A database tracking health education and training and 
linking this to employment needs and opportunities is 
required (DoH 2012).

Mapping priorities against fields of expertise in health (OmniViz)
FIGURE 4.76: MAPPING PRIORITIES AGAINST FIELDS OF EXPERTISE IN HEALTH RESEARCH

 Detection and treatment (particularly of HIV/AIDS 
and TB) as well as improving statistics related to health 
and disease; applied social sciences and public 
health research on HIV/AIDS, sexually-transmitted 
infections and TB; addressing drug resistance to combat 
TB; elimination of malaria; influenza prevention 
and control; tropical disease prevention and control 
programmes; and identifying innovative solutions to health 
service delivery challenges.

Improved therapeutics and drug delivery systems to 
address priority diseases and point-of-care diagnostic kits 
required. A non-communicable diseases surveillance system 
still needs to be defined and set up.

A national state of environmental health report 
should be produced and a repository for South African 
environmental health research is required.

Mother and child healthcare – improved data 
(particularly mortality data) and information systems are 
a priority.

Clinical research – address the largest burden of disease, 
investigate public perceptions of clinical trials, and monitor 
and evaluate the clinical research enterprise.

Precision medicine (-omics) – specific public 
health interventions (based on advanced research in 
e.g. genomics, proteomics, metabolomics) could be 
made in entire populations proven to be effective in a 
particular circumstance.

Infectious disease – HIV/AIDS

Infectious disease

General medicine 

Health care

General medicine - obstetrics

General medicine - cancer

Immunology

37.7%

21.1%

14.0%

9.7%

6.6%

6.3%

4.5%
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7. Concluding assessment
Our historical overview of health research in South 
Africa can be broadly categorised into three main time 
periods: the initial years up to 1948, during which time 
the main research work was done under the auspices of 
the SAIMR (initially funded by the Chamber of Mines) as 
well as by individual scientists and academics attached 
to universities. The second phase – during the apartheid 
years – saw the expansion of the institutional landscape 
with the establishment of the SAMRC in 1969, and a 
commensurate increase in research being done at new 
institutes and centres housed at the universities. With the 
coming into power of the ANC in 1994, the focus shifted 
radically to ensure that the health needs of the majority 
of the population would be addressed through more 
inclusive health policies and strategies. This changing focus 
is reflected in new research agenda’s and new research 
programmes devoted to these priorities.

The health research landscape in the country is quite 
densely populated given the central place of the SAMRC, 
a large number of CoEs and researchers, as well as what 
we have termed ‘mega-institutes’. Much of the expansion 
in the number of centres and institutes has been driven 
by the burden of disease in the broad field of infectious 
and communicable diseases, and the huge amounts of 
funding that have been invested by overseas agencies. 
Despite these developments, we have also noted the 
critical comments from many studies and experts which 
highlight the fact that some areas of research remain 
underfunded, as well as the huge concentration of funding 
at certain universities or centres. Perhaps more striking 
is the fact that the number of academics and university-
based scientists have, according to the HEMIS data, 
in fact declined over the past five to six years. At the 
same time, the number of PhD graduates have doubled. 
Without having any precise data, we surmise that many 
of the research centres (and especially the mega-centres) 
are able to sustain their research through appointing 
increasing numbers of postdoctoral fellows as well as 
doctoral graduates.

Our analysis of the knowledge expertise in the health 
research field provided further support for the huge effort 
being expended on topics related to infectious diseases 
(especially HIV/AIDS, TB and malaria research). The 
scientific output in these areas constituted about 70% of 
all output, with the remaining publications appearing in 
the more general field of public health (healthcare and 
services) as well as the health aspects of human behaviour 
(mental health and related topics). Our analysis of doctoral 
dissertations, however, suggest a more even spread of 
theses across these main areas of work.

The research agenda and priorities that emerged from our 
analysis of the relevant policy and strategy documents, as 
well as feedback from health experts, mirror the results 
presented in this section. Priorities related to policy (e.g. 
the new national health insurance policy), systems and 
information systems are highlighted at the ‘meta-level’. 
More research on the healthcare system and how to 
improve healthcare remain high on the agenda, as does 
research on the social determinants of disease and the 
effects of interventions to address these.
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Water research
1. Introduction
Water for all
The redistribution of rights to water is a central objective of 
the post-apartheid water governance policy and legislative 
regime. The National Water Act (36) of 1998 effectively 
nationalised all of South Africa’s water resources. According 
to Viljoen and Van der Walt (2018), “[the] water regulatory 
framework changed from one that linked access to water 
to land ownership and differentiated between private and 
public water, to a framework that applies to ‘all water’ in 
South Africa and that acknowledges that the country’s water 
‘belongs to all people’”. Pre-1994, racial policies of societal 
segregation resulted in highly unequal access to water and 
sanitation services (WRC 2014). Meeting our common 
need for access to clean water must be balanced against the 
ecological limits of human activities. Chikozho et al. (2017: 
276) note that “[t]he law that replaced the 1956 water 
Act was crafted bearing in mind that water allocation and 
use must reflect the broader economic, social and physical 
context of the country and region”. These broader contexts 
include “the achievement of water security, ecosystem 
conservation, and equitable sharing of the resource, without 
side-lining the economic development potential that water 
provides entails” (ibid.). The dominant role of water 
research and technology development in South Africa should 
be to facilitate access to water for all, and simultaneously 
to ensure the safe and sustainable use of our various 
water resources. 

Ecological limits – our current crisis
South Africa is ranked the 30th driest country in the 
world and has an average rainfall that is nearly half the 
world average (DWS 2018a). Only 12% of the landmass 
is considered arable and just 3% considered truly fertile 
(Ibid). South Africa is also subject to rainfall fluctuations, 
as was made clear in the recent drought over the North 
West, Mpumalanga, Kwa-Zulu Natal and Limpopo 
Provinces, and even more severe over the Western Cape 
and Eastern Cape. The implication of this is that the 
country is on the threshold of the internationally accepted 
definition of water stress and has less water per person 
than Namibia and Botswana (Kohler 2016). 

The raw water quality of rivers, dams, lakes, wetlands, 
estuaries and ground water is deteriorating. Mining, 
industry, agriculture, settlements, and insufficient sanitation 
services have negatively impacted national water quality 
(DWS 2018b). It is estimated that four billion litres of 
raw or partially purified sewage are discharged into South 
Africa’s dams and rivers every day (Marchesini 2016, as 
quoted in Viljoen and Van der Walt 2018; Turton 2015). 
The ecological impact of these activities on our national 
wetlands has been severe. More than half of the national 
wetlands are gone and almost a third are in poor condition. 
Between 1999 and 2011, there has been a 500% increase 

in the extent of pollution in the main rivers of this country 
and some of these rivers are now considered past the 
point of recovery (DWS 2018b). Tributaries with a 
poor ecological condition increased by 229% during this 
period. More than half (57%) of river ecosystem types are 
threatened, of which about half are considered critically 
endangered (ibid.). The figure below offers a useful 
summary of some of the major national water challenges 
facing various parts of our country. 
 
FIGURE 4.77: DIFFERENT TYPES OF WATER QUALITY 
PROBLEMS ACROSS SOUTH AFRICA

Source: DWS (2018b) from (Aston 2012) 

Clean water provision and preservation 
of resources – an unsuccessful endeavour
The National Water and Sanitation Master Plan acknowledges 
that South Africa is facing a water crisis (DWS 2018b). In 
addition to the droughts and deteriorating water quality 
discussed above, insufficient water infrastructure maintenance 
and investment, and a lack of skilled water engineers, have 
compounded water delivery and water resource preservation 
initiatives. It is therefore not surprising that inequities in 
access to water and sanitation have persisted. Only 64% of 
households have access to reliable water supply (DWS 2018a; 
DWS 2018b). Consequently, many rural settlements still lack 
water resources to meet their basic needs. Provision of safe 
sanitation is a considerable challenge as over 14 million people 
lack access. Over three million people do not have access to 
basic water supply.

Municipalities are struggling to generate sufficient revenue 
from municipal water, and increasing shortfalls of investment 
in infrastructure have created a vicious cycle. There is 
considerable water loss due to leakage. Municipalities 
are also struggling to acquire much needed expertise. In 
rural and smaller municipalities, the proportion of indigent 
households averages 77%. These challenges can, to some 
extent, account for the dismal state of water treatment 
works in South Africa. A staggering 56% of wastewater 
treatment works and 44% of water treatment works do 
not work properly (DWS 2018b). These proportions are 
skewed across the country as evidenced in Figure 4.78. 
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FIGURE 4.78: RELIABILITY OF WATER SUPPLY AND 
SANITATION PER PROVINCE

Source: DWS (2018b)

Despite the under-delivery of water services, the national 
average of water consumption (237 litres per person) 
is substantially higher than the world average (137 litres 
per person). This is in large part attributed to the high 
proportion (41%) of municipal non-revenue water. Average 
physical losses are estimated at around 35%. 

Water use per sector
Although only 1.5% of the land is under irrigation 
(producing 30% of the crops), agriculture still consumes 
the majority of available water supply (DWS 2018a; 
Fandazo 2012). As can be seen in Figure 4.79 below, the 
agricultural sector uses more than half of the available 
water supply. There are concerns that there is significant 
unauthorised agricultural water usage. Furthermore, 
the lower tariffs have not incentivised efficient irrigation 

practices leading to water wastage. Black farmers make use 
of only 5% of agricultural water (DWS 2018b). 

Overview of challenges
The challenges listed above are numerous and may be 
summarised as follows:

Access to water

• There is no surplus water available,

• Water is expected to become scarcer due to climate 
change, and

• Per capita water consumption is unsustainably high and 
water use efficiency is poor.

Water services

• Water is unevenly distributed and water quality in rural 
areas is poor,

• There are water and sanitation service delivery backlogs 
in difficult-to-service areas,

• Many municipalities lack skills and capacity,

• Many wastewater treatment works are in a poor 
condition, and

• Current funding levels are inadequate to meet the 
sector’s financial requirements.

Preservation of ecological water resources

• The raw water quality of rivers, dams, lakes, wetlands, 
estuaries and ground water is deteriorating, and

• Mining, industry, agriculture, settlements, and 
insufficient sanitation services are all contributing to the 
deterioration of water resources.

It is in light of these challenges that the national 
government has launched the Master Plan to salvage the 

FIGURE 4.79: HOW WE USE WATER RESOURCES IN SOUTH AFRICA

 Source: DWS (2018b)
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water sector. The Plan centres around two principle 
thrusts: (1) water and sanitation management, and (2) 
creating an enabling environment. The five key objectives 
are listed below:

• Resilient and fit-for-use water supply,

• Universal water and sanitation provision,

• Equitable sharing and allocation of water resources,

• Effective infrastructure management, operation and 
maintenance, and

• Reduction in future water demand.

According to the WRC, the focus on research is in four 
key strategic areas (KSAs):

• KSA 1: Water Resource Management,

• KSA 2: Water-Linked Ecosystems,

• KSA 3: Water Use and Waste Management, and 

• KSA 4: Water Utilisation in Agriculture.

According to Pitman (2011), the first comprehensive 
assessment of South Africa’s water resources was 
undertaken by Midgley (1952) in the 1950s at around the 
time that modern hydrology took off and aided by the 
development of the digital computer. Since then there 
have been four major studies (See Textbox below). In his 
discussion of each, Pitman stated that each study faced 
new challenges, but has also benefitted from the ongoing 
developments in computing and the availability of new 
tools. The most comprehensive of these was conducted 
in 2008 which broke new ground by including data on 
the interaction between surface water and groundwater 
in the modelling process. It also addressed water quality 
issues as well as the runoff reduction by afforestation and 
alien vegetation. 

In concluding this overview of historical water surveys, 
Pitman emphasised the need to ensure that studies such as 
these are conducted more frequently. He wrote: 

….. Accordingly, one of the main challenges for the future 
will be to get the hydrological monitoring ‘back on track’ and 
this can only be done by recruitment of suitable personnel 
and the allocation of adequate funds. We should not 
allow ourselves to be distracted by the ongoing arguments 
concerning climate change, but should rather analyse 
its effect – if any – by accurate measurements with an 
improved hydrological monitoring network. Future studies 
will also need to take a closer look at water quality and the 
interaction between surface water and groundwater. The 
possibility of climatic cycles and climate change must not be 
overlooked, but should not be allowed to distract us from 
the main goals. (Idem: 662 – 663)

The history of water research in South Africa must flag 
the crucial role that the Water Research Commission 
has played. At the CSIR a division for water research was 
started at the National Research Laboratory in 1948. 

Ten years later it led to the formation of the National 
Institute for Water Research (NIWR), which by 1966 had 
regional laboratories in Durban, Bellville, Bloemfontein and 
Windhoek. Of particular significance for freshwater studies 
was the establishment of the NIWR with a mandate to 
investigate pollution and ensure fresh water for industry. 
Government involvement in freshwater research included a 
new Water Act (No. 54 of 1956) that codified effluent and 
other standards and that resulted in the establishment of a 
separate Department of Water Affairs18. 

The Water Research Commission (WRC), the flagship 
of water research in South Africa, was founded in the 
aftermath of a severe drought. The most dramatic 
manifestation of this natural crisis was when the water 
level of the Vaal Dam dropped to 26% of its capacity. 
The dam was a major source of water to the populous 
and economically active Pretoria, Witwatersrand 
(Johannesburg) and Vaal Triangle region. In 1966 the 
government appointed a commission of enquiry under 
the leadership of Prof. SP du Toit Viljoen to investigate 
the situation and make recommendations on the efficient 
water management across all sectors. The commission’s 
report was published in 1970. When it reached parliament, 
the responsible minister, SJP (Fanie) Botha, stressed the 
importance of generating knowledge on water-related 
matters. There was also a call for a statutory organisation 
to take responsibility for this task. Subsequently the Water 
Research Act, Act 34 of 1971, was approved by parliament 
on 1 September 1971 and the WRC was born. The WRC 
was instituted outside of the government Department of 
Water Affairs and it is financed by a levy on water users.

In their discussion of the work of the WRC, Green et al. 
(2011) writes that the first twenty years of the work of the 
Commission was mainly devoted to technical issues such 
as water supply, sanitation, water quality and irrigation. 
According to them: 

Aspects relating to the biophysical environment were 
seldom funded until the early 1990s, when the first ‘water 
ecosystem’ projects were supported by the WRC”. … 
From these small beginnings, the involvement of the WRC 
in ecosystem research has expanded to the point that the 
Commission now recognises Water-Linked Ecosystems as 
one of 5 Key Strategic Areas. The 3 major thrusts currently 
receiving most attention and funding are ecosystem 
processes; ecosystem management and utilisation; and 
ecosystem rehabilitation. Note that, while rivers were the 
focus of most of the early work in this arena, the WRC 
now provides significant funding for work on wetlands too. 
(Green et al., 2011:611).

Income for the WRC is predominantly generated through 
levies from bulk water users in South Africa, which is 
channelled from the South African Department of Water 

18 The short history of the origins of the WRC is mainly based on the 
study by JWN Tempelhoff
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and Sanitation, Rand Water Board, and the Umgeni Water 
Board. To a lesser extent, funds are also generated from 
other sources, which include the leveraging of funds (by 
2013, leveraged income amounted to 10% of total income) 
(Jacobs, Du Plessis et al., 2014 cited in Elema, 2019), where 
the total revenue for the six financial years (2009-2015) 
amounted to no less than R1.1 billion. Funding is used 
for operational and research dissemination expenses, 
with the bulk allocated towards the funding of research 
at universities, science councils and non-government 
research institutions. Elema (2019:96) indicates that in the 
seven financial years between 1999/2010 and 2015/2016, 
expenditure in research (excluding research dissemination) 
amounted to R876.789 million an average of 62% of the 
total budget. To put WRC expenditure on water-related 
research in context, Pouris (2015) indicated that in 2014, 
the WRC funded 65% of water-related research in South 
Africa, the CSIR 16%, Mintek 9% and the NRF 8%. This 
is based on national water-related spend of R240 million 
in 2014, which has also increased significantly from 
R50 million in 2000 (Pouris, 2015:05).

The critical contribution of the WRC to water research 
in the country is captured in the following summary 
statement by Elema (2019: 93 – 94):

Since its establishment in 1971, the WRC has contributed 
significantly to water-related research and capacity 
development. A glimpse of its contribution is reflected in 
(the fact that it provided) support for 584 new research 
projects for the seven financial years between 2009/2010 
to 2015/2016, with significant increases in the 2010/2011 
and 2014/2015 financial years…. It has been stated by 
the WRC that it receives approximately three time more 
applications than it is able to fund with existing resources, 
further providing an indication of the demand for research 
funding in the sector. Over the same period, 573 projects 
have been completed relatively in line with new projects 
undertaken, indicating good management of projects, and 
3 062 students were supported (of whom 64% were from 
previously disadvantaged backgrounds).

The post-1994 government recognised that water 
– its supply and quality – is an urgent state priority. 
The Department of Water Affairs and Forestry, headed 
by Minister Kader Asmal, was tasked with providing an 
Overview of Water Resources Availability and Utilisation in 
South Africa (Basson et al., 1997). This report appeared in 
1997 and in the same year two other important documents 
that changed the institutional and legal framework of 
freshwater research were also published. These were the 
White Paper on a National Water Policy tabled in May 1997 
and a new Act, the Water Services Act (No. 108 of 1997). 
The National Water Act (No. 36 of 1998) was another 
consequence of the new political and legal regime, intended 
to ensure sustainability and to redress past imbalances in 
water provision. The WRC subsequently took over many of 
the programmes previously funded by the CSIR or FRD. 

WRC Programmes19 

The Water Technologies Demonstration Programme: 
The DST, in collaboration with the WRC, has established 
the Water Technologies Demonstration Programme 
(WADER). WADER promotes the early adoption of 
promising technologies and accelerates innovation.

Women in Water Empowerment Programme: 
To facilitate a safe and supportive environment where 
newly-formed enterprises, especially those from previously 
disadvantaged groups, can start-up and sustain their 
businesses and access available opportunities.

Partnership with the Water Environment & Reuse 
Foundation (WE&RF) to establish a Co-Hub. The Co-
Hub aims to provide:

• Facilitation of technology information exchange between 
South Africa and USA 

• Identification of promising technologies for 
demonstration 

• Co-funding and matchmaking opportunities among 
innovators, investors, test beds, etc.

• An exchange programme for utility staff in both 
countries 

Framework Programme for Research, Education & 
Training in the Water Sector III (2014 to 2017) currently 
focuses on six new thematic areas:

• Water Infrastructure

• Water Monitoring and Assessment

• Water Planning and Implementation

• Water Regulation Requirements

• Water Use, Services and Sanitation

• Institutional Management and Governance

19  http://www.wrc.org.za/programmes/fet-water/  
http://www.wrc.org.za/programmes/women-in-water/  
http://www.wrc.org.za/programmes/water-resources-2012/  
http://www.droughtsa.org.za/ 
http://www.wrc.org.za/programmes/wader/ 



227

PART FOUR

for Water Resources Research at UKZN,24 the Institute for 
Groundwater Studies at UFS,25 and the Institute for Water 
Studies at UWC26 (Elema 2019). 

In our documentary review, three specific challenges 
regarding the research landscape in water research 
were highlighted:

• No clear direction guiding research undertaken,

• Institutional platforms for water research are subcritical, and

• Data issues.

According to Jacobs (2014: 637), when considering 
the disciplinary emphasis of the country’s institutions 
it is apparent that there is no clear direction guiding 
research undertaken:

The disciplinary emphases of the country’s institutions 
indicates that researchers move on their own to specific 
areas without any particular guidance or cognisance of 
priorities/diversification.

The South African science, technology and innovation 
institutional landscape review indicated that institutional 
platforms for water research were subcritical relative to the 
socio-economic importance of water (DST 2017b: 131):

… notwithstanding the good water research that is 
undertaken in the country, institutional platforms for water 
research are subcritical to the socio-economic importance of 
water in South Africa.

An additional challenge underlined by Rose and Winter 
(2014: 413) is related to data management; in particular, 
data is maintained in separate and non-compatible 
databases and this has hindered data-sharing and utilisation.

Data sharing was identified as another important gap in 
practices – in SA, data collected by public sector institutions 

24 http://cwrr.ukzn.ac.za/.

25 http://natagri.ufs.ac.za/content.aspx?DCode=109.

26 https://www.uwc.ac.za/Faculties/NS/Water_Studies/Pages/default.aspx.

Department of Water and 
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Science and Technology
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Water Technologies 
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Programme

Department of 
Agriculture, Forestry 
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Department of 
Environmental Affairs 

– ecologial water 
resources

Department of 
Rural Development 
and Land Reform – 
irrigation schemes

CGS, CSIR, 
MINTEK, NRF 

and TIA

ARC

2. Institutional landscape
Our overview of the institutional landscape of water 
research begins with a sector map of the major institutions 
responsible for water research (Figure 4.80), followed by 
more detailed listing of the SARChI Chairs in this area.

FIGURE 4.81: SARCHI CHAIRS AT SOUTH AFRICAN 
UNIVERSITIES CONDUCTING WATER RESEARCH

Durban 
University of 

Technology

• Development and optimisation of 
wastewater treatment technology for 
developing economics

Rhodes 
University

• Molecular and Cellular Biology of 
Eukaryotic Stress Response

Tshwane 
University of 

Technology

• Acid Mine Drainage Treatment

• Water Quality and Wastewater 
Management

University 
Cape Town • Bioprocess Engineering

University of 
Johannesburg • Nanotechnology

University of 
KwaZulu-Natal • Waste and Climate

University 
of the 

Western Cape

• Analytical Systems and Processes for 
Priority and Emerging Contaminants 
(ASPPEC) 

Source: Based on list obtained from the NRF (20 February 2019)

In addition to the chairs, a number of water institutes 
have been formed in various universities in the last few 
years including the Water Research Group20 and the 
newly-established Future Water21 at UCT, the Water 
Institute at SU,22 the Water Institute at UP,23 the Centre 

20 http://www.civil.uct.ac.za/water-research-group.

21 http://www.futurewater.uct.ac.za/.

22 http://water.sun.ac.za.

23 http://www.up.ac.za/water-institute.

FIGURE 4.80: SECTOR MAP: INSTITUTIONS RESPONSIBLE FOR WATER RESEARCH
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is stored and maintained in separate, non-compatible 
databases. In some cases, as for instance the South African 
Weather Service, the organisation may charge fees for 
access to the data, even to other public institutions. This 
kind of practice may be one of the reasons why participants 
stressed the gap in data sharing.

The inadequacy of available data and information, as a result 
of a poor monitoring system, is discussed in the National 
Water and Sanitation Master Plan. Consequently, a National 
Integrated Water Information System is being developed by 
the DWS that will collate information from all programmes 
and other information systems (DWS 2018b). 

3. Investment in water research
Figure 4.82 depicts a significant increase in funding spent 
on water R&D for the period 2000 to 2014. Despite 
this increase, investment in research is reportedly falling 
short of required levels. According to the National 
Water and Sanitation Master Plan (DWS 2018b), the 
minimum investment to achieve all aspects of the research, 
development and innovation masterplan (over a ten-
year period) is estimated to be R8.4 billion. In 2015, 
a mere average of R300 million was spent on water 
research, development and innovation – thus resulting 
in a R500 million shortfall (ibid.). Pouris (2015) notes 
that the high level of funding for water research in 2014 
(R240 million) amounted to a mere 0.0069% of GDP. 

FIGURE 4.82: FUNDING SPENT ON WATER R&D (2000-2014)

Source: Pouris (2015)

Funding from the DWS for science and technology 
activities is inconsistent. Although there was a significant 
increase after 2011/2012, funding has fallen since 2013/2014 
and estimated funding is not significant thereafter. 

The proportion of research funded by the WRC is 
extensive. According to the State of Water Research in 
South Africa 2015 report (Pouris 2015), 65% of water-
related research is funded by the WRC. 27

27   The CSIR (16%), Mintek (9%) and the NRF (8%).

FIGURE 4.83: EXPENDITURE ON SCIENCE AND 
TECHNOLOGICAL SERVICES BY THE DEPARTMENT OF 
WATER AND SANITATION

 

Source: DST (2016a)

FIGURE 4.84: FUNDING FOR WATER RESEARCH BY 
SOURCE (2014)

Source: Pouris (2015)

According to their annual reports, WRC funding for 
water R&D increased from R81 million in 2006/2007 to 
R201 million in 2015/2016. This translates into a compound 
average annual growth rate of 10.1%. 

FIGURE 4.85: WRC FUNDING OF WATER R&D (2006-2016)

Source: WRC annual reports

In his doctoral thesis on the contribution of the Water 
Research Fund for Southern Africa to knowledge 
production and policy in the SADC water sector, Elema 
(2019) undertook a more detailed investigation of 
the WRC annual reports for the years 2010 to 2016. 
He reports that, during this period, the WRC supported 
584 new projects and over 3 000 students (of which 
almost two thirds were from previously disadvantaged 
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backgrounds). Expenditure in research amounted to an 
average of R125.26 million per year (or R876.79 million 
for the total period). This expenditure excludes 
research dissemination. 

Elema (ibid.) also analysed funding acknowledgements for 
articles published in South Africa on the WoS between 
1980 and 2016. It must be noted that of the 4 666 articles, 
acknowledgement data were not available for 78.54% of 
the publications. The majority of funding is from local 
(40%) and international (16.1%) research funding agencies. 
Local (17.6%) and international (4.8%) university/research 
institutes make up the second largest proportion. Local 
(5.1%) and international (2.3%) private industry make 
up a relatively small proportion of funding. This is to be 
expected as industry focus more on the development 
component of R&D (e.g. registering patents). In terms of 
institutional support for research, Elema concludes that 
the WRC and the NRF are the most significant supporters 
of research, as these institutions are acknowledged for 18% 
of contributors. 

FIGURE 4.86: SOUTH AFRICAN VERSUS INTERNATIONAL 
FUNDING MECHANISMS FOR SOUTH AFRICAN WATER 
RESEARCH (2008-2016)

Source: Elema (2019)

Despite the extent of, and increase in, WRC funding, 
an expert working in the water sector reported on the 
shortcomings of funding obtained from the WRC:

“WRC support for research is erratic and lacks continuity to 
support projects at large scale with diminishing potential for 
application.” (Water expert 2: 2018)

The low level of R&D water research funding, as a 
proportion of GDP, does not reflect the importance 
of supporting research in this area. Funding from the 
DWS is erratic and WRC funding for research, although 
substantial, is not sufficient to meet the objectives 
set out in national plans and strategies. There have 
been a low number of patents produced (Pouris 2015; 
WRC 2016b) and an inability to develop products and 
services (Water expert 1: 2018). This innovation chasm is 

attributed to a lack of coordination between institutions, 
challenges in scaling up of solutions, as well as limited 
funding for innovation (DWS 2018b). Although there have 
been calls for increased investment in commercialisation 
vehicles and product development centres, as well as 
general investment to support technology development 
(Pouris 2015), initial funding for the research, development 
and innovation masterplan (as discussed above) indicates 
the extent of the shortfall of the funding made available.

4. Human resources for 
water research
The National Water and Sanitation Master Plan has 
emphasised the importance of recruiting experienced 
technical and managerial staff (DWS 2018b). Indications 
are that at current levels the necessary expertise will 
not be forthcoming. According to at least one expert in 
the water sector, “human resource development for the 
water sector is seriously lacking” (Water expert 2: 2018). 
The future prognosis of locally-produced expertise is dire. 
The total number of master’s graduates peaked in 2010, 
but thereafter fell precipitously to a low of 55 in 2014. 
The number of PhD graduates has remained consistently 
low. That the total number of graduates for the period 
under investigation is decreasing, is of particular concern.

FIGURE 4.87: MASTER’S AND PHD GRADUATES IN WATER

Source: Pouris (2015)

According to the DWS (2018b), a water and sanitation 
sector skills capacity needs analysis is required that maps 
stakeholders throughout the water value chain in terms of 
their current capacity compared to the required capacity 
for optimal performance.

Local research 
funding agencies 
40.0%

International research 
funding agencies
16.1%

Local university/
research institute

17.6%

International 
university/

research institute
4.8%

Local government
7.1%

Local private industry
5.1%

International government
3.8%

International private industry
2.3% Other

3.2%

180

160

140

120

100

80

60

40

20

0

 Masters  PhD

2000 2002 2004 2006 2008 2010 2012 2014

21

102

371

55

16



230

The state of the South African research enterprise

TABLE 4.26: TOP 10 JOURNALS OF SOUTH AFRICAN WATER RESEARCH PUBLICATIONS (1980-2016)

Rank Journal titles
No. of 

publications
% of 

publications

Journal rank

2016 2015 2014 2013 2012

1 Water SA 1 771 37.96% 66/88 62/85 69/83 61/81 57/80

2 Water Science and Technology 644 13.80% 61/88 54/85 52/83 44/81 44/80

3 Physics and Chemistry of 
the Earth

223 4.78% 55/88 47/85 38/83 38/81 47/80

4 Water Research 136 2.91% 1/88 1/85 1/83 1/81 1/80

5 Desalination 103 2.21% 2/88 2/85 2/83 2/81 4/80

6 Journal of Hydrology 97 2.08% 6/88 6/85 7/83 10/81 5/80

7 Water, Air and Soil Pollution 65 1.39% 39/88 35/85 35/83 31/81 27/80

8 IAHS Publication 59 1.26% Null Null Null Null Null

9 Hydrological Sciences 
Journal ( Journal Des Sciences 
Hydrologiques)

55 1.18% 24/88 16/85 36/83 39/81 43/80

10 Aquatic Conservation Marine 
and Freshwater Ecosystems 

47 1.01% 9/88 13/85 18/83 29/81 22/80

 Other journals 1 466 31.42%

Source: Elema (2019)

5. The knowledge expertise in 
the research area
Elema (2019) investigated the shape and scope of South 
Africa’s research outputs in the WoS (see Figure 4.88) 
since 1982. South Africa’s share of African research 
declined from 84% in 1982 to 24% in 2016. South Africa’s 
world share of water research declined from almost 5% in 
1982 to less than 1% in 1990. Thereafter, the world share 
fluctuated between a high of 1.71% in 1999 and a low of 
1.11% in 2015. In Part Three of this report, we presented 
data on more recent trends (between 2000 and 2016) 
and showed how the share of South Africa’s publications 
in the WoS declined from 1.8% in 2000 to 1.4% in 2016. 
This occurred at the same time as a decline in our world 
rank (from 14 to 22) and citation impact (from 0.74 
to 0.58).

More than half of the publications can be attributed to 
two journals: Water SA, and Water Science and Technology 
(Table 4.26). 

FIGURE 4.88: SOUTH AFRICAN SHARE OF AFRICA AND WORLD 
WATER RESEARCH PUBLICATIONS (1980-2016)

Source: Elema (2019)

Alignment between research goals and 
priorities and the knowledgebase
The OmniViz cluster analysis produced three mutually 
exclusive clusters under the heading of ‘water’. The results 
are interesting as it confirms South Africa’s strength in 
oceanography (with a world share of 1.14% in 2016). 

TABLE 4.27: THEMATIC CLUSTERS IN WATER RESEARCH

Water (1184) Articles Share Keywords

Ocean 521 44% Ocean, Atlantic, tropical, marine

Geomorphology 404 34% River, catchment, aquatic, water quality

Waste Management/Processing 259 22% Waste, solid, chemistry, process, management, 
environment
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Finally, we present the results of our analysis of doctoral 
dissertations in water research at South African 
universities between 2000 and 2016. A total of 489 
dissertations were identified through our search. The 
graph below shows a steady increase over time with on 
average more than 50 theses produced annually since 2014.

FIGURE 4.89: DOCTORAL THESES IN WATER RESEARCH  
(2000-2016)

 

Source: SATD, CREST28 

28  Keyword used in this search: *water research*, *desalination*, 
*irrigat*, *sustainable water*, *water and sanitation*, *water management*, 
*water research*, *water resources*, *water quality*, *water use*, *water 
reuse*, *wastewater* and *water ecosystem*.

6. A research agenda
The water research agenda has been divided into three 
‘priority areas’ that address the challenges underlined in 
the introduction: (1) access to water, (2) water services, 
and (3) ecological preservation. Various research priorities 
obtained from the overview of relevant documents and 
articles are added accordingly and, where included, the 
Water Research, Development and Innovation Roadmap 
themes are indicated. 

Priority area: Access to water 
and sanitation
Priority 1: Identify and enable the use of more sources 
of water

Increase the ability to make use of more sources of water, 
including alternatives (Water Research, Development and 
Innovation Roadmap theme)

• A consolidated research programme for alternative 
sources of water is called for (DWS 2018b; Pouris 2015). 

• Identify and develop optimal water supply mix – surface 
water, groundwater, reuse and desalination (DWS 2018b). 

• There is a need for ongoing monitoring of source water 
supply, and these sources are to be compared with the 
value and potential of alternative approaches (Pouris 2015).

• Identify water sources (e.g. dams or groundwater) that 
can be developed and used by small-scale black farmers 
(DWS 2018b).

• Alternate source solutions and technologies may need to 
be developed and applied (DWS 2018b; Pouris 2015).

Priority 2: Identify causes of water loss and 
develop appropriate technologies and responses to 
reduce these

Ensure greater water efficiency and reduced losses (Water 
Research, Development and Innovation Roadmap theme)

• Municipalities require support to identify root causes of 
water loss and address water loss through prevention, 
mitigation and reduction measures that result in 
technology solutions or improved operational practices 
(Pouris 2015). 

• A research chair for Water Conservation and Demand 
Management and a CoE for Productive Use are called for 
(Pouris 2015). 

• A CoE for technologies associated with water-recycling 
is also to be established (DWS 2018b; Pouris 2015).

Reduce water and wastewater losses 

• Ensure that sanitised wastewater is used productively, 
and find effective and efficient ways to reduce water and 
wastewater losses (Siebrits et al. 2014; WRC 2013).

Optimize urban water use

• How to transition towards water-sensitive and resilient 
cities must be determined (Siebrits et al. 2014). This 
incorporates the development of water-sensitive urban 
design to capture water (DEA 2011).

Develop appropriate technologies

• Technology solutions are required for greater household, 
industrial, public and agricultural efficiency (DWS 2018b). 

• Develop water-less and off-grid sanitation solutions 
(DWS 2018b; Water expert 1: 2018) Develop low-flush 
sanitation (Water expert 2: 2018).

• Develop affordable, easy-to-install greywater systems 
(Water expert 4: 2018).

• Technologies for the desalination of sea water for all 
coastal cities are required (Water expert 3: 2018).

Priority 3: Focus attention on solutions and 
technologies for the rural poor

• Find ways to ensure that the rural poor access water 
(Siebrits et al. 2014; WRC 2013).

• Identify the most cost-effective and hygienic technology 
for treating sanitary waste, solid waste, and greywater 
disposal in low-income and informal settlements (Siebrits 
et al. 2014).
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Priority area: Water services
Priority 4: Improve governance and planning

Review national strategies and policies

• Research priorities identified by the DWS include a 
review of the National Water and Sanitation Resources 
and Services Strategy (NWSRSS), a review of the Water 
Research Act, and a review of the water pricing strategy 
(DWS 2017).

• Assess water-pricing policies and other polices that 
affect water demand; quantify economic value of water 
that ensures equitable and sustainable growth (Siebrits 
et al. 2014).

• A national inventory and outlook for the water sector 
for the next 100 years is needed (Water expert 4: 2018).

Research that will improve governance, planning and 
management of supply and delivery (Water Research, 
Development and Innovation Roadmap theme)

• A water governance and society research programme is 
called for (DWS 2018b). 

Priority 5: Improve management of supply and 
delivery

Research that will improve governance, planning and 
management of supply and delivery (Water Research, 
Development and Innovation Roadmap theme)

• Funding for research is required that can help understand 
and lead to improved implementation approaches for 
water allocation reform and equity issues (DWS 2018b).

• A transboundary data analytics research programme is 
called for (DWS, 2018b). 

• A CoE in planning and management, a Centre of 
Competence in transboundary water, and a research 
chair for Transboundary Water (cooperative 
governance) are called for (Pouris 2015).

Orient the water sector towards more business savvy and 
bankable solutions (Water Research, Development and 
Innovation Roadmap theme)

• The ability to monitor and evaluate the public sector system 
and its performance must be improved (Pouris 2015).

Determine policies and practice for integrated water 
resources management

• Determine impediments to integrated water resource 
management; determine policies and practices for water-
demand management (Siebrits et al. 2014).

Priority 6: Undertake systematic monitoring to 
support national planning

Undertake systematic water assessment and monitoring

• The WRC aims to consolidate all water-related 
knowledge and to develop a scientific understanding 
of the hydrological cycle (and inter-linkages) in order 

to promote systematic water assessment and planning 
(WRC 2013).

• There is an urgent need to improve measurement and 
monitoring. There is a shift that is required towards 
large data set management and analysis generated from 
remote sensing, smart monitoring and utility services 
(Water expert 5: 2018).

• Optimise monitoring systems and networks; improve 
monitoring of rainfall, run-off and hydrological 
monitoring; and assess current and desired state of data 
collection (Siebrits et al. 2014; WRC 2014).

• Discover how earth observation and related 
technologies can be further operationalised 
for applications in agrohydrological cycles 
(Siebrits et al. 2014).

• A review of areas where water use exceeds availability is 
required (NPC 2012).

Support monitoring, metering and water data innovation (Water 
Research, Development and Innovation Roadmap theme)

• Information and management methods are to be 
identified and technologies deployed that will address 
impediments to implementation of effective governance 
(Pouris 2015). 

• A CoE focussed on governance policy and 
implementation, as well as two Research Chairs for 
water supply policy and governance (rural and urban), 
are called for (Pouris 2015).

Priority 7: Improve water quality monitoring

Identify current and future contaminants

• Develop effective and efficient means of testing waste 
and drinking water (Siebrits et al. 2014). An improved 
understanding of emerging contaminants is required 
that will support a transition to reuse, reclamation and 
recycling of water (DWS 2018b). Mechanisms that can 
be used to detect and address current and future priority 
emerging contaminants include water foot-printing tools 
and frameworks (Siebrits et al. 2014; WRC 2012a). 

• An investigation of the systemic relationships between 
South African water quality, quantity and human diseases 
is required (Siebrits et al. 2014; WRC 2012a). 

• Identify the health implications of irrigating with polluted 
water (Siebrits et al. 2014). 

• Assess the effects of large-scale hydraulic fracturing and 
related activities in the Karoo on future groundwater 
quality (Siebrits et al. 2014).

Priority 8: Develop water treatment technologies that 
improve water quality

Effective and efficient means of treating waste and 
drinking water

• Develop effective and efficient means of treating waste 
and drinking water (Siebrits et al. 2014). 
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• Strategies and technologies are required to address 
changes in the quantity and quality of water (ASSAf 2017; 
DEA 2011; DST 2009; Siebrits et al. 2014) and relevant 
knock-on effects (e.g. to healthcare) (Environmental 
expert 1: 2018).

• Develop technologies for solar water pasteurisation, 
ultraviolet disinfection and rainwater harvesting 
(ASSAf 2014b). 

• The application of nanotechnology will benefit water and 
wastewater treatment processes (DST 2008b).

Support monitoring, metering and water data innovation (Water 
Research, Development and Innovation Roadmap theme)

• A technology solutions portfolio is to be developed 
(DWS 2018b). 

Priority area: Preservation of ecological 
water resources
Priority 9: Support water ecosystem preservation 
and rehabilitation 

Explore ecological and built water infrastructure opportunities 
in relation to climate resilience (Water Research, Development 
and Innovation Roadmap theme)

• An Ecological Infrastructure Research Programme is 
required (DWS 2018b). 

• Research is required that will inform ecological 
infrastructure rehabilitation and mitigation measures, 
and evaluation of expected benefits (Pouris 2015). 
This includes identification of measures to address 
alien invasive plants and wetland rehabilitation. The 
performance of built infrastructure and impacts of 
changes to environmental goods and services are also to 
be evaluated (Pouris 2015).

• Investigate land-use impact on water-linked ecosystems 
(DWS 2018b). Priority issues to be addressed as identified 
in the National Water and Sanitation Mater Plan are 
eutrophication; salinisation; acid mine drainage and 
acidification; sedimentation; and urban run-off pollution.

• Environmentally friendly ways to enhance the capacity of 
artificial recharge (aquifers, rainwater tanks, small dams, 
etc.) are to be identified (DWS 2018b). 

• A CoE and a research chair in environmental economics 
are called for (Pouris 2015).

Assess effects of environmental change on water resources

• Socially resilient and adaptive responses to social, climate 
and general environmental change to be identified 
(Siebrits et al. 2014).

Ecosystem processes and rehabilitation

• A focus on research that generates innovative rehabilitation 
and restoration approaches (Jacobs et al. 2014). 

• Water-linked ecosystems are priority concerns for 
the WRC and the DWS (DWS 2017; WRC 2012b). 

Key Strategic Areas include ecosystem processes and 
ecosystem rehabilitation (WRC 2012b).

• Identify limits of the freshwater ecosystems within 
which integrity can be maintained and where these are 
exceeded (DST 2009).

• Identify transboundary effects considering that major 
river systems are shared with neighbouring countries 
(DST 2009).

Priority 10: Assess the anticipated effects of climate 
change and institute appropriate counter measures

Explore ecological and built water infrastructure opportunities 
in relation to climate resilience (Water Research, Development 
and Innovation Roadmap theme)

• Research to assess the impacts of climate change on 
water security and resultant water infrastructure needs 
to be identified (DWS 2018b; Pouris 2015).

• Incorporate climate change into studies that seek to 
identify optimal water supply mix (DWS 2018b).

Priority 11: Identify solutions to decrease the negative 
impact of cities on the environment

Explore ecological and built water infrastructure opportunities 
in relation to climate resilience (Water Research, Development 
and Innovation Roadmap theme)

• A CoE and a research chair in urban systems and 
environmental economics are called for (Pouris 2015).

Climate resilient town planning is required

• A focussed research programme on water-smart cities/
towns and climate resilient planning is required, as well 
as an Ecological Infrastructure Research Programme 
(DWS 2018b).

Priority 12: Optimise water use efficiency 
in agriculture

Identify strategies that can optimise water use

• Identify strategies that can optimise water use efficiency 
in agriculture (e.g. rainwater harvesting; planting 
different crops or crop varieties and at different times 
in the year; increasing chemical application to slow 
down evapotranspiration; shifts from flood irrigation to 
sprinkler irrigation or drip irrigation; providing shelter 
and shade for crops; increasing the use of modern 
machinery to take advantage of the shorter planting 
period; planting trees; and using soil conservation 
practices) (ARC 2015; ASSAf 2014b; DAFF 2015b; NPC 
2012; Pereira 2014; Siebrits et al. 2014). 
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7. Concluding assessment
Given the strategic importance of water in all its 
dimensions for South Africa, our analysis of this area has 
produced a mixed picture. Our short history of water 
research shows that water surveys commenced in the 
1950s and would only became sophisticated with later 
developments in computing and modelling. The established 
of the WRC in 1971 was a watershed year for the sector. 
Not only is its funding model an example for other 
industries, it has over the year become the major funder 
of water research in the country. The NRF’s investment in 
more recent years is significant but the fact that there are 
only seven SARChI Chairs in this area is rather surprising. 

Despite increased in funding of water research and 
development over the past two decades, there seems 
to be consensus in various documents, strategies and 
amongst experts in the field, that research remains 
both underfunded and uncoordinated. Linked to these 
concerns are the negative profile that emerged from 
our analysis of the human resource capacity in the field. 

As we commented in the main body of the section, it 
remains difficult to come up with a reliable estimate of the 
human resources capacity in water research. One measure 
would be to look at the number of researchers who have 
received funding from the WRC and NRF over the past 
decade. A measure of the future capacity in the field is the 
number of doctoral dissertations that have been produced 
over the past 17 years (total of 489).

The results of our documentary and expert analysis 
regarding the research agenda and priorities in water 
research have produced a very long list of priorities in 
three main areas: access to water, water services and the 
preservation of ecological water resources. The sheer 
number and range of priorities identified is indicative of 
the need for more resources and funding in the sector. 
This is especially evident from the numerous calls for the 
establishments of new research centres and chairs as well 
as more sophisticated data and information systems.
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Technical appendix
1. Glossary
Indicator Definition

Doctoral 
enrolments

All students registered for the doctorate in the recording year, regardless of entrance category.

Doctoral new 
enrolments

These are first-time entering students who registered for the doctorate for the first time in the recording year.

Graduates Students who have fulfilled the requirements of the qualification.

Black (students/
staff/grant holders) 

This includes South African peoples classified as either African, Indian/Asian and Coloured (AIC/BIC). In this report, 
we report on the racial classifications as used by Statistics South Africa (Stats SA), which include black African, 
Coloured, Indian or Asian, white or other. In the HEMIS database all students and staff are classified (in the ‘race’ 
field) as African irrespective of their country of birth. The HEMIS data makes no distinction in that field between an 
African from South Africa (racial category) and, for example, an African from Zimbabwe (a regional or country of 
birth category). In our analyses of race, we included only South African staff and students.

Instructional staff Here we refer to all permanent staff who has an FTE in instruction within the specified disciplinary field.

Positional analysis We present the positional analysis of fields graphically. In these graphs, each subfield is represented by a coloured 
circle. The size of the circle is commensurate with the number of publications in the field. The vertical axis shows 
the MNCS (field-normalised citation score), while the horizontal axis shows the RFS. For both the MNCS and RFS, 
a value of one is average. These values are indicated on the graph by dashed lines. In every positional analysis figure, 
the largest bubble will have the same size. All smaller bubbles will be scaled so that the ratio between the areas of 
the two bubbles is directly proportional to the ratio between the numbers of publications in the two subfields.

Basic research While we use data from the South African R&D Survey as well as UIS.Stat in this report, both data sources use the 
OECD (2015) Frascati Manual’s definition of basic research. Basic research is described on the UIS.Stat metadata 
as: “Basic research is experimental or theoretical work undertaken primarily to acquire new knowledge of the underlying 
foundations of phenomena and observable facts, without any particular application or use in view”.

Applied research While we use data from the South African R&D Survey as well as UIS.Stat in this report, both data sources use 
the OECD (2015) Frascati Manual’s definition of applied research. Applied research is described on the UIS.Stat 
metadata as: “Original investigation undertaken in order to acquire new knowledge. It is, however, directed primarily towards 
a specific practical aim or objective”.

Experimental 
development

While we use data from the South African R&D Survey as well as UIS.Stat in this report, both data sources use the 
OECD (2015) Frascati Manual’s definition of experimental development. Experimental development is described 
on the UIS.Stat metadata as: “Experimental development is systematic work, drawing on knowledge gained from research 
and practical experience and producing additional knowledge, which is directed to producing new products or processes or to 
improving existing products or processes”.

GERD in PPP GERD in PPP defined as the “total intramural expenditure on R&D performed during a specific reference period, expressed 
in Purchasing Power Parity dollars”.

PPP is defined as the “currency exchange rate that equalise the purchasing power of different currencies. This means that 
a given sum of money, when converted into US dollars at the PPP exchange rate (PPP dollars), will buy the same basket of 
goods and services in all countries. In other words, PPP is the rate of currency conversion which eliminate the differences 
in price levels among countries. Thus, comparisons between countries reflect only differences in the volume of goods and 
services purchased”.

Full-time 
equivalent 
(researchers)

According to the Frascati Manual 2015 this is defined as: “Full-time equivalent (FTE) of R&D personnel is defined as 
the ratio of working hours actually spent on R&D during a specific reference period (usually a calendar year) divided by the 
total number of hours conventionally worked in the same period by an individual or by a group. In other words, one full-time 
equivalent may be thought of as one person-year. Thus, a person who normally spends 30% of his/her time on R&D and the 
rest on other activities (such as teaching, university administration and student counselling) should be considered as 0.3 FTE. 
Similarly, if a full-time R&D worker is employed at an R&D unit for only six months, this results in an FTE of 0.5. Therefore, 
it is measured by combining two variables: actual involvement in R&D activities and formal engagement on the basis of 
normative/statutory working hours. FTE is considered to be a true measure of the volume of R&D and also the main R&D 
personnel statistic for international comparisons”.

Headcount 
(researchers)

The headcount data reflect the total number of researchers who are mainly or partially employed in R&D. As per 
the Frascati Manual, the use of HCs is mostly recommended in terms of exploring, usually in percentage terms, the 
characteristics of R&D personnel.
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Indicator Definition

Business 
(enterprise) sector

While we use data from the South African R&D Survey as well as UIS.Stat in this report, both data sources use the 
OECD (2015) Frascati Manual’s definition of the business sector. In the UIS.Stat metadata the business sector is 
described as follows: 

•	All resident corporations, including not only legally incorporated enterprises, regardless of the residence of their 
shareholders. This group includes all other types of quasi-corporations, i.e. units capable of generating a profit or 
other financial gain for their owners, recognised by law as separate legal entities from their owners, and set up for 
purposes of engaging in market production at prices that are economically significant.

•	The unincorporated branches of non-resident enterprises are deemed to be resident because they are engaged in 
production on the economic territory on a long-term basis.

•	All resident non-profit institutions (NPIs) that are market producers of goods or services or serve business.

•	This sector comprises both private and public enterprises.

Government sector In Part One of this report, we used the Frascati Manual definition of the government sector. In Part Two, a variation 
thereof is used, as explained in this Appendix. In the UIS.Stat metadata the government sector is described to 
consist of the following: 

•	All units of central (federal), regional (state) or local (municipal) government, including social security funds, 
except those units that provide higher education services or fit the description of higher education institutions (see 
the definition of higher education sector).

•	All non-market NPIs that are controlled by government units that are not part of the higher education sector.

•	This sector does not include public corporations, even when all the equity of such corporations is owned by 
government units. Public enterprises are included in the business enterprise sector.

Higher education 
sector

While we use data from the South African R&D Survey as well as UIS.Stat in this report, both data sources use 
the OECD (2015) Frascati Manual’s definition of the higher education sector. In the UIS.Stat metadata the higher 
education sector is described as follows: 

•	All universities, colleges of technology and other institutions providing formal tertiary education programmes (i.e. 
ISCED [International Standard Classification of Education] levels 5, 6, 7, or 8), whatever their source of finance or 
legal status.

•	All research institutes, centres, experimental stations and clinics that have their R&D activities under the direct 
control of, or are administered by, tertiary education institutions.

Private non-profit 
sector

While we use data from the South African R&D Survey as well as UIS.Stat in this report, both data sources use the 
OECD (2015) Frascati Manual’s definition of the private non-profit sector. In the UIS.Stat metadata the private non-
profit sector is described as follows: 

•	All non-profit institutions serving households (NPISH), except those classified as part of the higher education sector;

•	Households and private individuals engaged or not engaged in market activities.

GERD Gross domestic expenditure on R&D (GERD) is defined in the 2015 Frascati Manual as follows:

•	GERD is total intramural expenditure on R&D performed in the national territory during a specific 
reference period.

•	GERD is the main aggregate statistic used to describe a country’s R&D activities and covers all expenditures for 
R&D performed in the economy. Thus, GERD includes domestically performed R&D that is financed from abroad 
(i.e. from the “rest of the world”) but excludes funding for R&D performed abroad.

BERD This is defined by the OECD as follows: “Business enterprise expenditure on R&D (BERD) represents the component of 
GERD incurred by units belonging to the Business enterprise sector (see the definition of Business enterprise sector). It is the 
measure of intramural R&D expenditures within the Business enterprise sector during a specific reference period”.

GERD/GDP “Gross domestic expenditure on R&D (GERD) as a percentage of GDP is the total intramural expenditure on R&D performed 
in the national territory during a specific reference period expressed as a percentage of GDP of the national territory.” 
For this report the data for this indicator is extracted from the UIS.Stat database and from the South African 
R&D survey.

GERD per capita Data on this indicator is extracted from the UIS.Stat database. The metadata it is defined as: “total intramural 
expenditure on R&D performed during a specific reference period divided by the total population (using mid-year population 
as reference)”.

Labour force The OECD defines total labour force as follows: “The total labour force, or currently active population, comprises all 
persons who fulfil the requirements for inclusion among the employed or the unemployed during a specified brief reference 
period.” UIS.Stat uses the OECD definition.



252

The state of the South African research enterprise

Indicator Definition

Researchers UIS.Stat uses an adaption of the OECD’s definition of researcher as follows: “Researchers are professionals engaged 
in the conception or creation of new knowledge. They conduct research and improve or develop concepts, theories, models, 
techniques instrumentation, software or operational methods”.

Doctoral graduates 
(for countries 
other than 
South Africa)

When calculating the number of doctoral graduates per million of the population for other countries than South 
Africa, data from UIS.Stat were used. For South Africa, we used HEMIS data. UIS.Stat includes an indicator called 
“graduates from ISCED 8 programmes in tertiary education, both sexes”. ISCED 8 is defined as: “Programmes 
at ISCED level 8, or doctoral or equivalent level, are designed primarily to lead to an advanced research qualification. 
Programmes at this ISCED level are devoted to advanced study and original research and are typically offered only by 
research-oriented tertiary educational institutions such as universities. Doctoral programmes exist in both academic and 
professional fields”. In section 6.2 of this Appendix we describe how doctoral graduates were selected from the 
HEMIS database.
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2. Discussion on data sources
2.1. UIS.stat
UNESCO’s official statistical agency, the Institute for 
Statistics (UIS), provides access to its most popular 
datasets as open data through a browser interface 
called UIS.Stat. The datasets are organised by theme 
on the website. This report made use of the selected 
indicators from the datasets in the Science, Technology 
and Innovation theme, in particular the research and 
experimental development dataset. Data within the UIS.
Stat datasets are organised by country or region, indicator, 
and year. While data are not available for all countries/
regions and all years, this particular dataset includes data 
for 201 countries/regions from 1996 to 2017 for over 1 200 
indicators. The UIS.Stat datasets, further definitions, and 
data notes can be accessed at http://data.uis.unesco.org/.

2.2. OECD.Stat
OECD.Stat is an online interface to the open data of the 
OECD for the OECD countries and selected non-member 
economies. At the time of writing this report, members 
consisted of 36 countries, with 12 non-member countries 
that subscribe to the OECD Declaration and Decisions 
on International Investment and Multinational Enterprises. 
Data are not available for all countries and all years; this 
is particularly true for the non-member countries for all 
datasets. Of the countries focussed on in this repoert, the 
following are OECD member countries:

• BRICS countries: None

• Comparator countries: Chile, Greece, Mexico, Poland, 
Portugal, and Turkey.

• Selected African countries: None

On OECD.Stat the data are organised by theme with 
mostly the datasets from the “Research and Development 
Statistics” theme used for this report. From the website, 
customised datasets (e.g. by country and year) for each 
indicator can be extracted. These datasets, and more 
details about each indicator, can be accessed at https://
stats.oecd.org/. The OECD.Stat included some data for 
the following focus countries (not necessarily member 
countries,) of this report for the indicators investigated:

• BRICS countries: Russia, China, and South Africa. 

• Comparator countries: Argentina, Chile, Greece, 
Mexico, Poland, Portugal, and Turkey.

• Selected African countries: None

2.3. World Bank databank.org
Data from the World Development Indicators of the 
World Bank were used for each of the years studied to 
calculate the number of doctoral graduates per million of 
the population. The indicator used for this calculation is 
“population, total (SP.POP.TOTL)” and according to the 

metadata of this dataset: “Total population is based on the 
de facto definition of population, which counts all residents 
regardless of legal status or citizenship. The values shown 
are midyear estimates”. While data for each country for 
each year are not necessarily available, for this particular 
indicator the dataset includes data for 264 countries for 
the years 1960 to 2018. This dataset, and further details 
regarding it, can be found at https://databank.worldbank.
org/data/reports.aspx?source=2&series=SP.POP.
TOTL&country=.

2.4. South African Survey of Research 
and Development
CeSTII at the HSRC annually conducts the South African 
National Survey of R&D to update the official statistics 
on key indicators of inputs to R&D for the country. The 
survey is overseen by the DST and each R&D survey is 
subject to a quality assessment prior to its publication, in 
terms of the South African Statistical Quality Assessment 
Framework (SASQAF). The survey is in the process of 
incorporating the 2015 revision to the Frascati Manual 
to maintain the international comparability of the data. 
While data requests can be made directly from CeSTII, 
this report used the data as published in the various South 
African R&D Survey reports as referenced in the text of 
this report. More information regarding the surveys and 
revisions can be found on CeSTII’s webpage at http://www.
hsrc.ac.za/en/departments/cestii.

2.5. OmniViz
OmniViz is a Battelle-developed data mining, data 
visualisation software that supports the analysis of 
numerical, categorical, and textual data. OmniViz uses 
pattern recognition algorithms to analyse the sections of 
publications, allowing for free association based on the 
usage of words and phrases, rather than forcing clustering 
based on preselected key words—thus, there is no “a 
priori” bias to the clusters identified. For this study, the 
abstracts, titles, and keywords of over 99 000 articles, 
published from 2005 to 2015 and indexed in WoS were 
analysed. These articles were then categorised into 208 
major and 1 251 minor topics, from which the research 
clusters were derived. At the time of analysis, TEConomy 
Partners (http://www.teconomypartners.com), a United 
States-based data analytics company, used OmniViz to 
conduct the initial analysis with the article data provided 
by CREST. 

2.6. Clarivate Analytics Web of 
Science (WoS)
Web of Science (previously known as Web of Knowledge) 
is an online subscription-based scientific citation indexing 
service originally produced by the Institute for Scientific 
Information (ISI), later maintained by Clarivate Analytics 
(previously the Intellectual Property and Science business 
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of Thomson Reuters), that provides a comprehensive 
citation search. It gives access to multiple databases that 
reference cross-disciplinary research, which allows for 
in-depth exploration of specialised sub-fields within an 
academic or scientific discipline. With the acquisition of 
the database, CREST has access to more than 55 million 
records covering the period since 1980 and as far as 
we are aware, CREST is the only centre on the African 
continent that now has access to the full micro-data of 
the WoS database. During 2017, work on WoS involved 
the harmonisation of key fields (e.g. organisation names) 
and bibliometric indicators. By late 2017, queries could be 
run on the underlying data, and a range of indicators was 
made available. For the bibliometric analysis of this report 
counts refer to number of articles and reviews, regardless 
of the number of South African authors who contributed 
to these articles and reviews.

2.7. SA Knowledgebase (SAK)
SAK is CREST’s proprietary database of scientific 
publications authored by South African scientists 
and scholars. It is not a citation database, although 
South African-authored papers that are published in the 
WoS can be linked to the citation data available in the 
latter. SAK is unique in the following respects: Firstly, 
SAK contains metadata on all scientific papers that earned 
universities subsidy under the DHET Funding framework. 
This means that it includes papers published not only in 
the WoS, but also other indexes and lists, including the 
DHET list of South African journals (not indexed in the 
WoS), the Proquest IBSS list, the Norwegian list and (since 
2016) also Scopus. As a result, we are able to augment the 
bibliometric analyses with more detailed analyses of output 
in different indexes as well as comparing the numbers of 
output in national versus international journals. 

Secondly, SAK also includes basic demographic data of 
the authors of scientific papers: gender, date of birth, 
race, nationality and rank. Although the coverage for 
each of these variables is not equally good, we deem it 
to be sufficient to present general trends for each of the 
variables. Our coverage of these variables in all cases is 
usually more than 80% of all papers, allowing us to draw 
relatively robust conclusions from these analyses. CREST 
has over the years, added value through the addition of 
many fields to each record. This includes additional data on 
the publication source (including most recently information 
on predatory publishers) and the field classification 
framework (a four-tiered classification is used that is more 
accurate than that used by the DHET).

2.8. South African Thesis 
Database (SATD)
The SATD is a bibliographic database developed at CREST 
that contains metadata on doctoral theses completed 
at South African universities. The current version of the 
database contains information about 25 390 doctoral 
degrees awarded by South African universities between 
2000 and 2017. This translates into a coverage of more 
than 90% of all doctoral degrees awarded over this period. 
Key fields captured in the SATD include the thesis title, the 
name of the doctoral candidate, the granting university, the 
submission year of thesis, the abstract (where available) 
and the URL-link (handle) to the actual depository address 
where the thesis is stored.

2.9. NRF funding database
The NRF provided two sets of grant holder data, 
respectively for the period 2002 to 2013 and for the period 
2014 to 2015. Once merged, the final dataset comprised 
44 138 records.

2.10. Higher Education Management 
Information Services (HEMIS)
HEMIS is an electronic database maintained by the DHET. 
It contains unit record data of qualifications offered 
by public universities as well as students enrolled by 
universities and staff employed by universities. Space data 
as well as financial data are also collected from public 
universities according to specifications. HEMIS data are 
audited and are provided to the DHET according to 
technical specifications. CREST has access to the individual 
student and staff records from 2000 to 2016. In section 3, 
we discuss how the HEMIS data was used throughout 
the report.



255

TECHNICAL APPENDIX

3. Technical Glossary
3.1 Percentage World Share
Percentage of the world’s publications that can be 
attributed to a single entity,

Where nf is the number of publications produced by the 
entity in field f and Nf is number of publications produced 
by the whole world in field f.

3.2 Mean Normalised Citation 
Score (MNCS)
The calculation of the MNCS starts with a calculation of 
the expected number of citations for any publication in a 
specific field. Since publications are often associated with 
more than one field, each publication and all citations it 
receives is attributed in equal fractions to all the fields 
associated with it.

where ei is the expected number of citations for any 
publication in field i, Ni is the number of publications in field 
i, cj is the number of citations received by publication j and 
fj is the number of fields associated with publication j. Now 
the normalised citation score for publication j is given by

Finally, we can calculate mncs for any set of n publications:

It should be noted that we use a two-year citation window 
for this study, so only citations received up until the second 
year after publication are counted.

3.3 Relative Field Strength (RFS)
The relative field strength or activity index of an entity in 
field f is the ratio of two ratios, calculated as

where nf is the number of publications produced by 
the entity in field f, nt is the number of publications 

produced by the entity across all fields, Nf is the number 
of publications produced by the world in field f and Nt is 
the total number of publications produced by the world. 
The rfs can be interpreted as 

3.4 Journal impact factor (JIF)
The journal impact factor ( jify) of a journal in year y is 
calculated as

where cy–1 is the number of citations to articles published 
in the journal in year y–1, and ny–1 is the number of 
articles published in the journal in year y–1.

3.5 Compound annual growth rate (CAGR)
The CAGR is a measure of growth over multiple time-
periods. The CAGR is used throughout the report to 
indicate rates of increase or decrease. 
Calculated as (End Value/Start Value)^(1/Periods) – 1 

Which is derived from the compound growth formula (that 
defines the geometric growth series):

Where Xf is the end value, X0 is the start value and n = 15 
(the number of periods; i.e. number of years – 1).

3.6 New enrolments 
New enrolments were not defined using the ‘entrance 
category’ classification of HEMIS. Rather, we define 
these students as those were the ‘reporting year – 
commencement year’ = 0. Therefore all students whose 
commencement year is the same as the reporting year.
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4. Technical Notes for Part One
4.1. Comparator countries
The eight Comparator countries were selected according 
to their similarity on 10 indicators based on a proximity 
algorithm. These indicators are:

• GERD as a percentage of GDP

• GERD per capita (in current PPP$)

• Researchers per million inhabitants (HC)

• Researchers per million inhabitants (FTE)

• Researchers per thousand labour force (HC)

• Researchers per thousand labour force (FTE)

• GERD – Basic research percentage

• GERD – Applied research percentage

• GERD – financed by Business percentage

• GERD – financed by Government percentage

Data for all countries were extracted from the UIS.Stat for 
each of these indicators. The proximity algorithm works 
as follows: first the positive difference between the value 
for South Africa and the other countries are calculated. 
If no data for a country were available, it was given a 
large difference. Then, for each indicator the countries 
were ranked based on how close they are to South Africa 
(i.e. South African is 1). Their range is then multiplied 
by the weights assigned to the indicator. The results 
are then again ranked, to allow for the selection of 
eight Comparator countries. These eight countries are 
Argentina, Chile, Greece, Malaysia, Mexico, Poland, 
Portugal and Turkey.

4.2. Selected African countries
The selection of African countries is based on a 
combination of bibliometric and scientometric indicators. 
Only a few countries in Africa produce R&D data and 
even fewer have done this for multiple years. The selected 
African countries were selected from those which have 
R&D data available on UIS.Stat. This was narrowed down 
to eight according to their performance on the WoS 
based-bibliometric indicators reported on in this report. 
The eight countries are: Botswana, Egypt, Ethiopia, Kenya, 
Senegal, Tanzania, Tunisia and Uganda.

4.3. Doctoral graduates per million of 
the population
None of the datasets used for this study included 
the indicator “doctoral graduates per million of 
the population”, thus this was calculated from the 
data available. Two different methods were used to 
calculate this, one for South Africa and another for all 
other countries.

For all countries except South Africa, we used the 
population data as extracted from the World Bank’s World 
Development Indicators as well as the ISCED 8 graduate 
data as extracted from the OECD’s UIS.Stat database. 
We then calculated the ratio of this for each country 
(converted into million of the population). For South Africa 
we also used the population data from the World Bank, 
but HEMIS data was used to determine the number of 
doctoral graduates.

4.4. Defining most recent year and 
ranking of countries
In the datasets extracted from UIS.Stat not all years for 
each country has data available. This could be due to 
various reasons, such as R&D surveys not being conducted 
annually in the country in question, national estimates are 
not published annually, or the specific country no longer 
collects data on the particular indicator. This potentially 
means that the last year for which data for a specific 
country was available is over a decade ago. To allow for 
fair and more recent comparison, especially in terms of 
ranking countries “data from the most recent year” only 
considered data from the most recent three years. If a 
country did not have data available for any of those years, it 
was excluded from the analysis for that particular indicator. 

The exception was for the selected African countries. 
Due to efforts by the African Science, Technology and 
Innovation Indicators Initiative (ASTII), New Partnership 
for Africa’s Development (NEPAD) and the various African 
ministries responsible for STI in Africa, great strides have 
been made to collect R&D data for a number of countries 
in Africa. However, these surveys are not conducted on 
an annual basis and the only surveys available are often 
outside the above-mentioned time-frame. Thus, for the 
selected African countries, the most recent data available 
on UIS.Stat (which corresponds with the data as reported 
in the African Innovation Outlook II report) was used. 
The years consulted for these countries (if they do not 
correspond to 2015) are reported as notes on each of the 
figures in this report.
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5. Technical Notes for Part Two
5.1. South African R&D Survey sectors
While the OECD (2015) Frascati Manual identifies four 
sectors of R&D funding (i.e. higher education, business 
enterprise, government, and private non-profit) the 
South African National Survey of R&D present their data 
according to five sectors, namely:

• The business enterprise sector, comprising all industries 
and size classes of enterprises, including state-owned 
enterprises (SOEs).

• The government sector, comprising departments in 
the three spheres of national, provincial and local 
government with an R&D component, government 
research institutions, and museums.

• The not-for-profit sector, comprising non-governmental 
and other organisations formally registered as not-for-
profit institutions.

• The higher education sector, comprising all public higher 
education institutions and private higher education 
institutions with an R&D component.

• The science council sector, comprising the nine science 
councils established through Acts of Parliament.

Due to the importance of the Science Councils in the 
South African R&D landscape, which in Part One is 
reported as the government sector, is split into the 
government sector and the science council sector. 
This maintains the consistency of the sectors per the 
recommendations of the Frascati Manual as well as caters 
to the South African context.

5.2. Nationality
The term nationality is used in two different contexts in 
Part Two of the report. When discussing graduates, this 
data is derived from the HEMIS data, which is described 
later within this Appendix. When reporting on authors, 
this data is obtained from the SAK database which is 
discussed earlier in the Appendix.
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6. Technical Notes for Part Three 
6.1. Technical notes on NRF funding data 
The NRF provided two sets of grant holder data, 
respectively for the period 2002 to 2013 and for the 
period 2014 to 2015. Once merged, the final dataset 
comprised 44 138 records. A field classification framework 
was developed based on information contained in the 
“PersonResField1” column in the dataset, which was 
also the best populated of all the field-related columns. 
The field entries in the relevant column were classified 
according to the WoS subject categories that constitute 
the six broad science fields. Where a particular grant 
lacked a corresponding field entry in the “PersonResField1” 
column, information from other field-related columns was 
used for that purpose (e.g. “specialisation”). Assignment 
of individuals within the final field classification was not 
mutually exclusive – any individual could appear in more 
than one broad science field, depending on the field 

classification of grants in her/his funding portfolio. All 
monetary values were adjusted for inflation based on the 
Consumer Price Index (CPI) as released by Stats SA, and 
by using 2015 as the base year for inflation.

6.2. Technical notes on HEMIS data used 
for student and staff analyses
6.2.1. Scientific disciplines

The analysis of human resources used the classification 
of disciplines as outlined by the HEMIS classifications. 
The HEMIS Classification of Education Subject Matter 
(CESM) changed three times over the 16-year period of 
data analysed. In the table below, the disciplines and their 
corresponding CESM codes that were used in our analysis 
are shown. In some cases, the first and second order 
classifications were used.

Scientific field 2000 to 2009 CESM codes 2010 onwards CESM codes

Agricultural 
sciences

CESM 01: Agricultural and Renewable Natural Resources 
AND Veterinary Health Sciences

CESM 01: Agriculture, Agricultural Operations and 
Related Sciences AND Veterinary Medicine and 
Veterinary Biomedical and Clinical Sciences

Engineering 
sciences

CESM 02: Architecture and Environmental Design AND 
CESM 08: Engineering and Engineering Technology AND 
CESM 11: Industrial Arts, Trades and Technology 
(excluding Graphic Arts)

CESM 02: Architecture and the Built Environment AND 
CESM 08: Engineering

Health sciences CESM 09: Health Care and Health Sciences (Excluding 
Veterinary Health Sciences) 

CESM 09: Health Professions and Related Clinical 
Sciences (Excluding Veterinary Medicine and Veterinary 
Biomedical and Clinical Sciences) 
BUT including from CESM 13: Life Sciences Molecular 
Biology and Anatomical Sciences, Physiology/Pathology 
and Pharmacology and Toxicology

Humanities CESM 03: Arts, Visual and Performing AND 
CESM 12: Languages, Linguistics and Literature AND 
CESM 13: Law AND 
CESM 18: Philosophy, Religion and Theology AND from 
CESM 11: Graphic Arts

CESM 03: Visual and Performing Arts AND 
CESM 11: Languages, Linguistics and Literature AND 
CESM 12: Law AND 
CESM 17: Philosophy, Religion and Theology

Natural sciences CESM 06: Computer Science AND 
CESM 15: Life Sciences and Physical Sciences AND 
CESM 16: Mathematical Sciences

CESM 06: Computer and Information Sciences AND 
CESM 13: Life Sciences AND 
CESM 14: Physical Sciences AND 
CESM 15: Mathematics and Statistics 
BUT excluding from CESM 13: Life Sciences Molecular 
Biology and Anatomical Sciences, Physiology/Pathology 
and Pharmacology and Toxicology

Social sciences CESM 04: Business, Commerce and Management 
Sciences AND 
CESM 05: Communication AND 
CESM 07: Education AND 
CESM 10: Home Economics AND 
CESM 14: Libraries and Museums AND 
CESM 17: Military Sciences AND
CESM 18: Psychology AND 
CESM 19: Physical Education, Health Education and 
Leisure AND 
CESM 21: Public Administration and Social Services AND
CESM 22: Social Sciences and Social Studies

CESM 04: Business, Economics and Management Studies 
AND 
CESM 05: Communications, Journalism and Related 
Studies AND 
CESM 07: Education AND 
CESM 10: Family Ecology and Consumer Sciences AND 
CESM 16: Military Sciences AND 
CESM 18: Psychology AND 
CESM 19: Public Management and Services AND 
CESM 20: Social Sciences
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6.2.2. Analysis of the academic pipeline

The results presented in this report, are based on an 
analysis of individual records which were specific to 
students registered for an honours, master’s or doctoral 
degree between 2000 and 2015. The database included 

biographical information which allowed for an in-depth 
analysis of students by gender, race and nationality 
(categorised into three broad geographical locations). 
The fields used from the microdata to select students are 
outlined below.

Code Description

529 Reporting year Data from 2000 to 2015 were selected

005 Qualification type Masters:
07: Master’s Degree
28: Magister Technologiae Degree 
49: HEQF Master’s Degree 
72: HEQSF Master’s Degree 
73: HEQSF Prof Master’s Degree

Doctoral:
08: Doctoral Degree 
30: Doctor Technologiae Degree 
50: HEQF Doctoral Degree 
74: HEQSF Doctoral Degree
75: HEQSF Prof Doctoral Degree

007 Commencement date The date on which a student first commenced the qualification at the reporting 
institution. This was recoded to ‘commencement year’.

012 Gender Male, female and unknown

013 Race African, coloured, white, Indian/Asian and ‘no information’

014 Nationality Students’ nationality were recoded into three regional categories:
Rest of World (RoW)
Rest of Africa (RoA)
South African (RSA)
Nationality refers to citizenship, not to country of permanent residence.

025 Qualification requirement status N= Enrolments 
F= Graduates

026 CESM category (for first area of 
specialisation)

A second-order CESM code which depicts the field of study of a student’s first or sole 
area of specialisation, established in the ‘Collection Year’. This was the code used for 
the selection of students in the delineated disciplines. 
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6.2.3. Analysis of staff capacity 

The micro HEMIS FTE staff data were used in our analysis 
of staff capacity. Personnel can have FTE time in more than 
one CESM specialisation. Each staff member’s total FTE 
time was calculated to determine a total FTE time spent 
in a selected discipline. The codes used to extract data 

and their descriptions are outlined below. For our analysis 
of staff capacity in Part Three, we selected permanent 
instructional staff, in other words, permanent staff who has 
an FTE in instruction. In Part Four, we selected permanent 
staff members who have an FTE in instruction and research 
within the specified disciplinary field.

Code Description

529 Reporting year Data from 2000 to 2015 were used

063 Institution code In 2005, a number of higher education institutions merged to form new institutions. All 
records for the years 2000 to 2004 were mapped to the merged institutions after 2005

National Staff 
Register ID

A code which uniquely 
identifies a staff member 
at an institution.

This was used to identify staff members uniquely

012 Gender Male, female and unknown

013 Race African, coloured, white, Indian/Asian and ‘no information’

014 Nationality Students’ nationalities were recoded into three regional categories:
Rest of World (RoW)
Rest of Africa (RoA)
South African (RSA)
Nationality refers to citizenship, not to country of permanent residence.

039 Personnel category A code indicating the personnel category of a staff member.

Category 01 (Instruction/Research professional) was selected.

041 Permanent/Temporary A code which indicates whether or not a staff member’s most recent appointment at the 
institution was on a permanent basis.

Only permanent staff members were selected for our analysis.

042 Full-time/Part time A code which indicates whether a staff member has full-time or part-time employment 
status in respect of their most recent employment at the institution. In our analysis, both 
full-time and part-time staff members were selected. 

044 Staff Programme A code indicating the type of programme in which a staff member is undertaking duties. 

The codes included in our selection are:
010: Instruction
020: Research

045 CESM The area of specialisation is to be established each year by the institution. Personnel 
can have FTE in more than one CESM field. Personnel can have up to four areas 
of specialisations. For each unique personnel member, the sum of FTEs (across all 
specialisations) were added to calculate the total FTE that a unique staff member has in a 
reporting year. 

046 Staff qualification A code indicating the highest most relevant qualification of a staff member (if the personnel 
category is Instructional/Research professional)

043 Staff time FTE A value indicating the FTE time spent by a staff member on a particular programme (and 
staff programme CESM category if the programme is Instruction or Research).

As indicated above, the FTE time were calculated across CESM categories to indicate a staff 
member’s total FTE in a selected discipline.
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6.2.4. Overview of main subject fields and associated sub-fields for research performance assessment

Scientific field Main field Sub-field/discipline

Agricultural 
sciences

Agronomy 

Dairy and animal science

Food science and technology

Plant sciences

Veterinary sciences

Engineering 
sciences

Chemical engineering

Electrical and electronic engineering

Energy and fuels

Material science

Mining and Mineral Processing

Health sciences Biochemistry and molecular biology

Genetics and heredity

Immunology

Infectious diseases

Neurosciences and neurology

Pharmacology and pharmacy

Public, environmental and occupational health

Virology

Humanities Humanities and arts, other

Language and linguistics

Law

Religion

Natural sciences Biological sciences Biotechnology and applied microbiology

Entomology

Marine and freshwater biology

Microbiology

Zoology

Chemical sciences Chemistry

Earth sciences Ecology

Physical geography

Water resources

Mathematical sciences and information, 
computer science and communication 
technologies

Computer science

Mathematics

Statistics and probability

Physical sciences Astronomy and astrophysics

Physics

Social sciences Economics and management sciences

Education

Psychology

Social sciences other

Sociology and related disciplines
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6.3. Supporting graphs for 
ARIMA forecasting
In the figures below, an ARIMA forecasting is presented for 
1) black South African doctoral graduates, 2) white South 
African doctoral graduates, 3) South African doctoral 
graduates, 4) doctoral graduates from the rest of Africa 
and 5) doctoral graduates from the rest of the World.

ARIMA (0,2,1) FORECASTING FOR BLACK SOUTH AFRICAN 
DOCTORAL GRADUATES (2000 TO 2030)

ARIMA (0,1,0) FORECASTING FOR WHITE SOUTH AFRICAN 
DOCTORAL GRADUATES (2000 TO 2030)

ARIMA (0,1,0) FORECASTING (WITH DRIFT) FOR SOUTH 
AFRICAN DOCTORAL GRADUATES (2000 TO 2030)

ARIMA (1,2,0) FORECASTING FOR DOCTORAL GRADUATES 
FROM THE REST OF THE AFRICA (2000 TO 2030)

ARIMA (0,1,0) FORECASTING FOR DOCTORAL GRADUATES 
FROM THE REST OF THE WORLD (2000 TO 2030)
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6.4. Abbreviations for institutions
Throughout the report abbreviations are used in the 
figures (especially in the tree maps) to refer to institutions, 
centres and universities. These do not necessarily refer 

to the official abbreviations of these institutions and was 
simply used to enhance the readability of the figures in 
question, thus some duplication appears in the list. Below 
is a list of the abbreviations used.

Abbreviation Institution/centre, university name

ACCESS Applied Centre for Climate and Earth 
Systems Science

ACHPS Africa Centre for Health and Population 
Studies

ADU Animal Demography Unit

AEB Atomic Energy Board

AEC Atomic Energy Corporation (currently 
NECSA)

AIMS African Institute for Mathematical Sciences

ARC Agricultural Research Council

ARU Action Research Unit

ASSAf Academic of Science of South Africa

CANEGROWERS South African Cane Growers’ Association

CAPRISA Centre for the AIDS programme of research 
in South Africa

CACE Centre of Adult and Continuing Education

CBTBR Centre of Excellence for Biomedical 
Tuberculosis Research

CDC Centers for Disease Control and Prevention

CDE Centre for Development and Enterprise

CEPD Centre for Education Policy Development

CEPR Centre for Education Practice Research

CERT Centre for Education Rights and 
Transformation 

CeSTII Centre for Science, Technology and 
Innovation Indicators

CGS Council for Geoscience

CHECaR Centre for Higher Education and Capabilities 
Research

CHET Centre for Higher Education Trust

CIB Centre of Excellence for Invasion Biology

CIDRI-Africa Wellcome Centre for Infectious Diseases and 
Research in African

CIPRA Comprehensive International Program of 
Research on AIDS

CIPSET Centre for Integrated Post-School Education 
and Training

CITRUS Citrus Research International

ClinVet ClinVet International (Pty) Ltd

CNS Council for Nuclear Safety

CoE in TB research Centre of Excellence for Biomedical 
Tuberculosis Research

CPUT Cape Peninsula University of Technology

CRI Citrus Research International

CREST Centre for Research on Evaluation, Science 
and Technology

Abbreviation Institution/centre, university name

CRMS Committee for Research in Medical Sciences

CRSES Centre for Renewable and Sustainable Energy 
Studies

CSD Centre for Science Development

CSIR Council for Scientific and Industrial Research

CTHB Centre of Excellence in Tree Health 
Biotechnology

DACST Department of Arts, Culture, Science and 
Technology (South Africa)

DAFF Department of Agriculture, Forestry and 
Fisheries (South Africa)

DBE Department of Basic Education (South Africa)

DEA Department of Environmental Affairs (South 
Africa)

DFID Department for International Development 
(UK)

DHET Department of Higher Education and Training 
(South Africa)

DME Department of Minerals and Energy (South 
Africa)

DoE Department of Education (South Africa)

DoH Department of Health (South Africa)

DPO Dry Bean Producers’ Organisation

DST Department of Science and Technology 
(South Africa)

DTHC Desmond Tutu HIV Centre

DWS Department of Water and Sanitation (South 
Africa)

ECD Centre of Excellence for Early Childhood 
Development

EDRC Energy for Development Research Centre 
(changed to ERC)

Edu-HRight Education and Human Rights in Diversity

Edu-Lead Education Leadership

EE Equal Education

EEPUS Environmental Education Programme

ELRC Environmental Learning Research Centre

ERC Energy Research Centre (earlier EDRC)

Escom Electric Supply Commission

ESD Education and Skills Development

FRD Foundation for Research Development

FRI Fuel Research Institute

FS Centre of Excellence in Food Security

FSA Forestry South Africa

GSA Grain SA

HRAO Hartebeesthoek Radio Astronomy Observatory
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Abbreviation Institution/centre, university name

HSRC Human Sciences Research Council

HYSA Hydrogen South Africa

IDM Institute of Infectious Disease and 
Molecular Medicine

IDRC International Development Research Centre

iTHEMBA iThemba Laboratory for Accelerator-
Based Sciences 

JET Joint Education Trust

KZN Museum KwaZulu-Natal Museum

Lancet Lancet Laboratories 

LMIP Labour Market Intelligence Partnership

MARS Marine and Antarctic Research Strategy

MCM Marine and Coastal Management

Min. Agric. Ministry of Agriculture, Forestry 
and Fisheries

Min. Agric. Forest. Ministry of Agriculture, Forestry 
and Fisheries

Min. Environ. Ministry of Environmental Affairs

MINTEK Council for Mineral Technology

MPO Milk Producers’ Organisation 

MRC South African Medical Research Council

NECSA Nuclear Energy Corporation of South Africa

NEEA National Energy Efficiency Agency 

NEEDU National Education Evaluation and 
Development Unit

NEMO National Environmental Management of 
the Ocean

NERPO National Emergent Red Meat Producers’ 
Organisation 

NHLS National Health Laboratory Service

NIH National Institutes of Health 

NIM National Institute of Metallurgy

NITheP National Institute for Theoretical Physics

NIWR National Institute for Water Research

NMI Nelson Mandela Institute for Education and 
Rural Development 

NMMU Nelson Mandela Metropolitan University

NMU Nelson Mandela University

NPO Potatoes and Onions Committee 

NRF National Research Foundation (South Africa)

NSF National Skills Fund

NUFFIC The Dutch organisation for 
internationalisation in education 
(De Nederlandse organisatie voor 
internationalisering in onderwijs)

NWU North-West University

ORI Oceanographic Research Institute

PEPFAR US President’s Emergency Plan for AIDS Relief

PHEA Partnership for Higher Education in Africa

REAL Centre for Researching Education and Labour

Abbreviation Institution/centre, university name

Red Cross Red Cross War Memorial Children’s Hospital

RHODES Rhodes University

RHRU Reproductive Health Research Unit

RPO Red Meat Producers’ Organisation

RU Rhodes University

RUMEUS Research Unit for Mathematics Education

RU/Rhodes Rhodes University

SAAO South African Astronomical Observatory

SABPA South African Berry Producers Association

SACEMA Centre of Excellence in Epidemiological 
Modelling and Analysis

SAEON South African Environmental 
Observation Network

SAIAB South African Institute for 
Aquatic Biodiversity

SAIMR South African Institute of Medical Research

SALT Southern African Large Telescope

SAMRC South African Medical Research Council

SANAP South African National Antarctic Programme

SANBI South African National Biodiversity Institute

SANEDI South African National Energy 
Development Institute

SANERI South African National Energy 
Research Institute

SANParks South African National Parks

SANSA South African National Space Agency

SAPA South African Poultry Association

SAPPO South African Pork Producers’ Organisation

SARChI South African Research Chairs Initiative

SARETEC South African Renewable Energy Technology 
Centre

SASA South African Sugar Association

SASOL South African Synthetic Oil Limited

SASRI South African Sugarcane Research Institute

SATVI South African TB Vaccine Initiative

SU Stellenbosch University

SAWS South African Weather Service

SDU Schools Development Unit

SETA Sector Education and Training Authority

SIP Strategic Investment Programme

SOCCO Southern Ocean Carbon-Climate 
Observatory

TIA Technology Innovation Agency

TVET Technical and Vocational Education 
and Training

TUT Tshwane University of Technology

Tutu HIV Desmond Tutu HIV Centre

TYGERBERG Tygerberg Hospital

UCT University of Cape Town
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Abbreviation Institution/centre, university name

UNAIDS United Nations Programme on HIV/AIDS

UNCST Uganda National Council for Science and 
Technology

UNECA United Nations Economic Commission 
for Africa

UNFPA United Nations Population Fund

USAID United Nations Agency for International 
Development

UFH University of Fort Hare

UFS University of the Free State

UJ University of Johannesburg

UKZN University of KwaZulu-Natal

UL University of Limpopo

UNISA University of South Africa

UNIVEN University of Venda

UP University of Pretoria

UWC University of the Western Cape

VFP Victoria Falls and Transvaal Power Company

WC GOVT Western Cape Government

WE&RF Water Environment & Reuse Foundation

WITS University of the Witwatersrand

WRC Water Research Commission

WRHI Wits Reproductive Health and HIV Institute
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7. Technical Notes for Part Four
7.1. Definition of sectors regarding masters and doctoral students and academic staff
Where we report on the numbers of masters and doctoral students and numbers of academic staff as obtained through 
the HEMIS data, we include a number of CESM categories that, we argue, adequately defines the sector. The CESM fields 
included in each sector is listed in the table below.

HEMIS subfields selected for agriculture

CESM code 
(2010 onwards)

Description

010100 Agricultural Business and Management

010101 Agribusiness/Agricultural Business operations

010102 Agricultural Economics

010103 Wildlife and Other Reserve Management

010104 Agricultural/Farm Supplies Retailing and 
Wholesaling

010105 Agricultural Business Technology

010106 Agricultural Extension

010199 Agricultural Business and Management, Other

010200 Agricultural Mechanisation

010201 Agricultural Mechanisation

010202 Agricultural Mechanics and Equipment/Machine 
Technology

010299 Agricultural Mechanisation, Other

010300 Agricultural Production Operations

010301 Animal/Livestock Husbandry and Production

010302 Aquaculture

010303 Crop Production

010304 Dairy Husbandry and Production

010305 Fishing and Fisheries Sciences and Management

010306 Horse Husbandry/Equine Science and 
Management

010399 Agricultural Production Operations, Other

010400 Applied Horticulture and Horticultural 
Business Services

010401 Applied Horticulture/Horticultural Operations, 
General

010402 Ornamental Horticulture

010403 Greenhouse Operations and Management

010404 Landscaping and Grounds Keeping

010405 Plant Nursery Operations and Management

010406 Turf and Turf Grass Management

010407 Floriculture/Floristry Operations and 
Management

010499 Applied Horticulture and Horticultural Business 
Services, Other

010500 International Agriculture

010501 International Agriculture

010600 Animal Sciences

010601 Animal Sciences, General

010602 Agricultural Animal Breeding

CESM code 
(2010 onwards)

Description

010603 Animal Health

010604 Animal Nutrition

010605 Dairy Science

010606 Livestock Management

010607 Poultry Science

010699 Animal Sciences, Other

010700 Food Science and Technology

010701 Food Science

010702 Food Technology and Processing

010703 Oenology and Wine Biotechnology

010799 Food Science and Technology, Other

010800 Plant Sciences

010801 Plant Sciences, General

010802 Agronomy and Crop Science

010803 Horticultural Science

010804 Agricultural and Horticultural Plant Breeding

010805 Plant Protection and Integrated Pest 
Management

010806 Range Science and Management

010807 Viticulture and Grapevine Biotechnology

010899 Plant Sciences, Other

010900 Soil Sciences

010901 Soil Science and Agronomy, General

010902 Soil Chemistry and Physics

010903 Soil Microbiology

010999 Soil Sciences, Other

011000 Forestry and Wood Sciences

011001 Wood and Wood Product Sciences

011002 Forestry Sciences

011099 Forestry and wood Sciences, Other

019999 Agriculture, Agricultural Operations and 
Related Sciences, Other
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HEMIS subfields selected for climate

CESM codes 
(2010 onwards)

Description

081300 Environmental/Environmental 
Health Engineering

081301 Environmental/Environmental Health 
Engineering

082000 Ocean Engineering

082001 Ocean Engineering

131200 Ecology, Evolution, Systematics and 
Population Biology

131201 Ecology

131202 Marine Biology and Biological Oceanography

131203 Evolutionary Biology

131204 Aquatic Biology/Limnology

131205 Environmental Biology

131206 Population Biology

131207 Conservation Biology

131208 Systematic Biology/Biological Systematics

131209 Epidemiology

131299 Ecology, Evolution, Systematics and Population 
Biology, Other

140300 Atmospheric Sciences and Meteorology

140301 Atmospheric Sciences and Meteorology, 
General

140302 Atmospheric Chemistry and Climatology

140303 Atmospheric Physics and Dynamics

140304 Meteorology

140399 Atmospheric Sciences and Meteorology, Other

140503 Environmental Science

140504 Natural Resources and Environmental 
Management and Policy

140601 Geology/Earth Science, General

140607 Oceanography, Chemical and Physical

HEMIS subfields selected for health

CESM codes 
(2010 onwards)

Description

090100 Chiropractic

090101 Chiropractic

090200 Communications Disorders Sciences 
and Services

090201 Communication Disorders, General

090202 Audiology and Hearing Sciences

090203 Speech-Language Pathology

090204 Audiology and Speech-Language Pathology

090299 Communications Disorders Sciences and 
Services, Other

090300 Dentistry, Advanced Dentistry 
and Oral Sciences

090301 Dentistry

090302 Dental Clinical Sciences, General

090303 Advanced General Dentistry

090304 Oral Biology and Oral Pathology

090305 Dental Public Health and Education

090306 Dental Materials

090307 Endodontics/Endodontology

090308 Oral/Maxillofacial Surgery

090309 Orthodontics/Orthodontology

090310 Paediatric Dentistry/Paedodontics

090311 Periodontics/Periodontology

090312 Prosthodontics/Prosthodontology

090399 Dentistry, Advanced Dentistry and Oral 
Sciences, Other

090400 Dental Support Services and 
Allied Professions

090401 Dental Assisting

090402 Dental Hygiene

090403 Dental Laboratory Technology

090499 Dental Services and Allied Professions, Other

090500 Health and Medical 
Administrative Services

090501 Health Care Administration/Management

090502 Hospital and Health Care Facilities 
Administration/Management

090599 Health and Medical Administrative Services, 
Other

090600 Medicine

090601 Medicine

090700 Medical Clinical Sciences

090701 Aerospace Medicine

090702 Allergies and Immunology

090703 Anaesthesiology

090704 Cardiology

090705 Paediatric Cardiology

090706 Chemical Pathology
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CESM codes 
(2010 onwards)

Description

090707 Neurology

090708 Paediatric Neurology

090709 Psychiatry

090710 Child Psychiatry

090711 Colon and Rectal Surgery

090712 Critical Care Anaesthesiology

090713 Critical Care Medicine

090714 Critical Care Surgery

090715 Dermatology

090716 Dermatopathology

090717 Diagnostic Radiology

090718 Emergency Medicine

090719 Endocrinology and Metabolism

090720 Family Medicine

090721 Forensic Pathology

090722 Gastroenterology

090723 General Surgery

090724 Hand Surgery

090725 Paediatric Surgery

090726 Geriatric Medicine

090727 Haematology

090728 Haematological Pathology

090729 Immunopathology

090730 Infectious Diseases

090731 Internal Medicine

090732 Laboratory Medicine

090733 Musculoskeletal Oncology

090734 Neonatal-Perinatal Medicine

090735 Nephrology

090736 Neurological Surgery/Neurosurgery

090737 Neurology

090738 Neuropathology

090739 Nuclear Medicine

090740 Nuclear Radiology

090741 Obstetrics and Gynaecology

090742 Occupational Medicine

090743 Oncology

090744 Ophthalmology

090745 Orthopaedics/Orthopaedic Surgery

090746 Otolaryngology

090747 Pathology

090748 Paediatric Endocrinology

090749 Paediatric Haemato-Oncology

090750 Paediatric Nephrology

090751 Paediatric Orthopaedics

090752 Paediatrics

090753 Physical and Rehabilitation Medicine

CESM codes 
(2010 onwards)

Description

090754 Plastic Surgery

090755 Preventive Medicine

090756 Public Health Medicine

090757 Pulmonary Disease

090758 Radiation Oncology

090759 Radio Isotopic Pathology

090760 Rheumatology

090761 Sports Medicine

090762 Thoracic Surgery

090763 Urology

090764 Vascular Surgery

090765 Adult Reconstructive Orthopaedics

090766 Cytopathology

090767 Geriatric Medicine (Internal Medicine)

090768 Paediatric Urology

090769 Orthopaedic Surgery of the Spine

090770 Palliative Medicine

090771 Genetic Counselling

090799 Medical Clinical Sciences, Other

090800 Nursing

090801 Nursing, General

090802 Nursing Administration

090803 Adult Health Nursing

090804 Nurse Anaesthetist

090805 Neonatal Nursing and Midwifery

090806 Nursing Science

090807 Paediatric Nursing

090808 Psychiatric Nursing

090809 Public Health/Community Nursing

090810 Preoperative/Operating Room and 
Surgical Nursing

090811 Clinical Nurse Specialist Training

090812 Critical Care Nursing

090813 Occupational and Environmental 
Health Nursing

090814 Geriatric Nursing

090899 Nursing, Other

090900 Optometry

090901 Optometry

091000 Osteopathic Medicine/Osteopathy

091001 Osteopathic Medicine/Osteopathy

091100 Pharmacy, Pharmaceutical Sciences and 
Administration

091101 Pharmacy and Community Pharmacy, General

091102 Pharmacy Administration and Pharmacy Policy

091103 Pharmaceutics

091104 Medicinal and Pharmaceutical Chemistry and 
Drug Design
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CESM codes 
(2010 onwards)

Description

091105 Natural Products Chemistry and 
Pharmacognosy

091106 Clinical and Industrial Drug Development

091107 Pharmacoeconomics/Pharmaceutical Economics

091108 Clinical, Hospital and Managed Care Pharmacy

091109 Industrial and Physical Pharmacy and 
Cosmetic Science

091199 Pharmacy, Pharmaceutical Sciences and 
Administration, Other

091200 Podiatric Medicine/Podiatry

091201 Podiatric Medicine/Podiatry

091300 Public Health

091301 Public Health, General

091302 Environmental Health

091303 Health/Medical Physics

091304 Occupational Health and Industrial Hygiene

091305 Public Health Education and Promotion

091306 Community Health and Preventive Medicine

091307 Maternal and Child Health

091308 International Public Health/International 
Health

091309 Health Services Administration

091399 Public Health, Other

091400 Rehabilitation and Therapeutic Professions

091401 Art Therapy

091402 Dance Therapy

091403 Music Therapy

091404 Occupational Therapy

091405 Orthotist/Prosthetist Training

091406 Physiotherapy

091407 Adapted Physical Activity

091408 Vocational Rehabilitation Counselling

091409 Biokinetics/Kinesiotherapy

091410 Assistive/Augmentative Technology and 
Rehabilitation Engineering

091499 Rehabilitation and Therapeutic Professions, 
Other

091700 Medical Illustration and Informatics

091701 Medical Illustration

091702 Medical Informatics

091799 Medical Illustration and Informatics, Other

091800 Dietetics and Clinical Nutrition Services

091801 Dietetics

091802 Clinical Nutrition

091899 Dietetics and Clinical Nutrition Services, 
Other

091900 Bioethics/Medical Ethics

091901 Bioethics/Medical Ethics

CESM codes 
(2010 onwards)

Description

092000 Alternative and Complementary 
Medicine and Medical Systems

092001 Acupuncture

092002 Naturopathic Medicine

092003 Homeopathic Medicine

092099 Alternative and Complementary Medicine and 
Medical Systems, Other

092100 Somatic Bodywork and Related 
Therapeutic Services

092101 Massage Therapy

092102 Somatic Bodywork Therapy

092199 Somatic Bodywork and Related Therapeutic 
Services, Other

092200 Movement and Mind-Body Therapies 
and Education

092201 Movement Therapy and Education

092202 Yoga Therapy

092299 Movement and Mind-Body Therapies and 
Education, Other

092300 Energy and Biologically Based Therapies

092301 Aromatherapy

092302 Herbalism

092399 Energy and Biologically Based Therapies, 
Other

092400 Medical Radiologic Technology/Science 
(Radiography)

092401 Medical Radiologic Technology/Science 
(Radiography)

099999 Health Professions and Related Clinical 
Sciences, Other

130400 Cell/Cellular Biology and 
Anatomical Sciences

130401 Cell/Cellular Biology and Histology

130402 Anatomy

130403 Developmental Biology and Embryology

130404 Neuroanatomy

130405 Cell/Cellular Biology and Anatomy

130499 Cell/Cellular Biology and Anatomical Sciences, 
Other

130500 Microbiological Sciences and Immunology

130501 Microbiology, General

130502 Medical Microbiology and Bacteriology

130503 Virology

130504 Parasitology

130505 Mycology

130506 Immunology

130599 Microbiological Sciences and Immunology, 
Other

130800 Physiology, Pathology and 
Related Sciences
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CESM codes 
(2010 onwards)

Description

130801 Physiology, General

130802 Molecular Physiology

130803 Cell Physiology

130804 Endocrinology

130805 Reproductive Biology

130806 Neurobiology and Neurophysiology

130807 Cardiovascular Science

130808 Exercise Physiology

130809 Vision Science/Physiological Optics

130810 Pathology/Experimental Pathology

130811 Oncology and Cancer Biology

130812 Sport and Exercise Sciences/Kinesiology

130899 Physiology, Pathology and Related Sciences, 
Other

130900 Pharmacology and Toxicology

130901 Pharmacology

130902 Molecular Pharmacology

130903 Neuropharmacology

130904 Toxicology

130905 Molecular Toxicology

130906 Environmental Toxicology

130907 Pharmacology and Toxicology

130999 Pharmacology and Toxicology, Other
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HEMIS Subfields selected for education 

CESM codes 
(2010-2014)

Description CESM codes 
(2015 onwards)

Description

070100 Education, General 070101 Curriculum Studies

070101 Education, General 070102 History of Education

070102 Academic Literacy 070103 International and Comparative Education

070199 Education, General: Other 070104 Philosophy of Education

070200 Curriculum and Instruction 070105 Psychology of Education

070201 Curriculum and Instruction 070106 Sociology of Education

070300 Educational Management and Leadership 070107 Education Studies

070301 Educational Leadership and Management, 
General

070199 Foundations of Education: Other

070302 Management of Special Education 0702 Teaching, Leading and Researching 
in Early Childhood Education and    
Development Contexts

070303 Adult Education and Training Management 070201 Teaching, Leading and Researching in Early 
Childhood (birth - 5 years) education

070304 Educational, Instructional and Curriculum 
Supervision

0703 Teaching; Leading and Researching 
in Schooling Contexts (Grade R and 
Foundation Phase)

070305 Higher Education/Higher Education Management 070301 Grade R studies

070306 Early Childhood Development and Primary 
School Management

070302 Foundation Phase Mathematics

070307 Secondary School Management 070303 Foundation Phase Life Skills

070308 Middle Management and Educational System 
Administration

070304 Foundation Phase Afrikaans

070399 Educational Management and Leadership, Other 070305 Foundation Phase English

070400 Educational/Instructional Media Design 070306 Foundation Phase IsiNdebele

070401 Educational/Instructional Media Design 070307 Foundation Phase IsiXhosa

070500 Educational Assessment, Evaluation and 
Research

070308 Foundation Phase IsiZulu

070501 Educational Evaluation and Research 070309 Foundation Phase Sepedi

070502 Educational Statistics and Research Methods 070310 Foundation Phase Sesotho

070503 Educational Assessment, Testing and 
Measurement

070311 Foundation Phase Setswana

070599 Educational Assessment, Evaluation and 
Research, Other

070312 Foundation Phase SiSwati

070600 International and Comparative Education 070313 Foundation Phase Tshivenda

070601 International and Comparative Education 070314 Foundation Phase Xitsonga

070700 Social and Philosophical Foundations 
of Education

070399 Grade R and Foundation Phase, Other

070701 Social and Philosophical Foundations of 
Education

0704 Teaching; Leading and Researching in 
Schooling Contexts (Inter-mediate Phase)

070800 Special Needs Education 070401 Intermediate Phase Life Skills

070801 Special Needs Education, General 070402 Intermediate Phase Social Sciences

070802 Education/Teaching of Individuals with Hearing 
Impairments/Deafness

070403 Intermediate Phase Natural Sciences and 
Technology

070803 Education/Teaching of the Gifted and Talented 070404 Intermediate Phase Mathematics

070804 Education/Teaching of Individuals with Emotional 
Disturbances

070405 Intermediate Phase Afrikaans

070805 Education/Teaching of Individuals with Mental 
Disabilities

070406 Intermediate Phase English
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CESM codes 
(2010-2014)

Description CESM codes 
(2015 onwards)

Description

070806 Education/Teaching of Individuals with Multiple 
Disabilities

070407 Intermediate Phase IsiNdebele

070807 Education/Teaching of Individuals with Physical 
Health Impairments

070408 Intermediate Phase IsiXhosa

070808 Education/Teaching of Individuals with Vision 
Impairments (including Blindness)

070409 Intermediate Phase IsiZulu

070809 Education/Teaching of Individuals with Specific 
Learning Disabilities

070410 Intermediate Phase Sepedi

070810 Education/Teaching of Individuals with Speech or 
Language Impairments

070411 Intermediate Phase Sesotho

070811 Education/Teaching of Individuals with Autism 070412 Intermediate Phase Setswana

070899 Special Needs Education, Other 070413 Intermediate Phase SiSwati

070900 Counsellor Education and Guidance 
Services

070414 Intermediate Phase Tshivenda

070901 Counsellor Education and Guidance Services, 
General

070415 Intermediate Phase Xitsonga

071000 Teaching Education and Professional 
Development, Specific Levels and Methods

070499 Intermediate Phase, Other

071001 Adult Education and Training 0705 Teaching; Leading and Researching in 
Schooling Contexts (Senior Phase)

071002 Early Childhood Development and General 
Education and Training

070501 Senior Phase Arts and Culture

071003 Further Education and Training 070502 Senior Phase Life Orientation

071004 Teacher Education: Multiple Levels 070503 Senior Phase Social Sciences

071099 Teacher Education and Professional 
Development, Specific Levels and Methods, 
Other

070504 Senior Phase Natural Sciences

071100 Teacher Education and Professional 
Development, Specific Subject Areas, 
Early Childhood Development (ECD) and 
General Education and Training (GET)

070505 Senior Phase Mathematics

071101 Languages: Afrikaans (Grades R-9) –  
ECD and GET

070506 Senior Phase Technology

071102 Languages: English (Grades R-9) – ECD and GET 070507 Senior Phase Economic and Management 
Sciences

071103 Languages: IsiNdebele (Grades R-9) –  
ECD and GET

070508 Senior Phase Afrikaans

071104 Languages: IsiXhosa (Grades R-9) –  
ECD and GET

070509 Senior Phase English

071105 Languages: IsiZulu (Grades R-9) – ECD and GET 070510 Senior Phase IsiNdebele

071106 Languages: Sepedi (Grades R-9) – ECD and GET 070511 Senior Phase IsiXhosa

071107 Languages: Sesotho (Grades R-9) –  
ECD and GET

070512 Senior Phase IsiZulu

071108 Languages: Setswana (Grades R-9) –  
ECD and GET

070513 Senior Phase Sepedi

071109 Languages: Siswati (Grades R-9) – ECD and GET 070514 Senior Phase Sesotho

071110 Languages: Tshivenda (Grades R-9) –  
ECD and GET

070515 Senior Phase Setswana

071111 Languages: Xitsonga (Grades R-9) –  
ECD and GET

070516 Senior Phase SiSwati

071112 Mathematics – ECD and GET 070517 Senior Phase Tshivenda
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CESM codes 
(2010-2014)

Description CESM codes 
(2015 onwards)

Description

071113 Natural Sciences – ECD and GET 070518 Senior Phase Xitsonga

071114 Social Sciences – ECD and GET 070599 Senior Phase, Other

071115 Arts and Culture – ECD and GET 0706 Teaching; Leading and Researching in 
Schooling Contexts (Further Education 
and Training (FET) Phase)

071116 Life Orientation – ECD and GET 070601 Further Education and Training Phase 
Accounting

071117 Economic and Management Sciences –  
ECD and GET

070602 Further Education and Training Phase 
Agricultural Management Practices

071118 Physical Education – ECD and GET 070603 Further Education and Training Phase Teaching 
Agricultural Sciences

071119 Technology – ECD AND GET 070604 Further Education and Training Phase 
Agricultural Technology

071199 Teacher Education and Professional 
Development, Specific Subject Areas, Early 
Childhood Development and General Education 
and Training, Other

070605 Further Education and Training Phase 
Business Studies

071200 Teacher Education and Professional 
Development, Specific Subject Areas, 
Further Education and Training (FET)

070606 Further Education and Training Phase Civil 
Technology

071201 FET: Accounting 070607 Further Education and Training Phase 
Computer Applications Technology

071202 FET: Agricultural Management Practices 070608 Further Education and Training Phase 
Consumer Studies

071203 FET: Agricultural Sciences 070609 Further Education and Training Phase Dance 
Studies

071204 FET: Agricultural Technology 070610 Further Education and Training Phase Design

071205 FET: Business Sciences 070611 Further Education and Training Phase 
Dramatic Arts

071206 FET: Civil Technology 070612 Further Education and Training Phase 
Economics

071207 FET: Computer Applications Technology 070613 Further Education and Training Phase 
Electrical Technology

071208 FET: Consumer Studies 070614 Further Education and Training Phase 
Engineering Graphics and Design

071209 FET: Dance Studies 070615 Further Education and Training Phase 
Geography

071210 FET: Design 070616 Further Education and Training Phase History

071211 FET: Dramatic Arts 070617 Further Education and Training Phase 
Hospitality Studies

071212 FET: Economics 070618 Further Education and Training Phase 
Information Technology

071213 FET: Electrical Technology 070619 Further Education and Training Phase Life 
Orientation

071214 FET: Engineering Graphics and Design 070620 Further Education and Training Phase Life 
Sciences

071215 FET: Geography 070621 Further Education and Training Phase 
Mathematical Literacy

071216 FET: History 070622 Further Education and Training Phase 
Mathematics

071217 FET: Hospitality Studies 070623 Further Education and Training Phase 
Mechanical Technology
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CESM codes 
(2010-2014)

Description CESM codes 
(2015 onwards)

Description

071218 FET: Information Technology 070624 Further Education and Training Phase Music

071219 FET: Languages: Afrikaans 070625 Further Education and Training Phase Physical 
Sciences

071220 FET: Languages: English 070626 Further Education and Training Phase Religion 
Studies

071221 FET: Languages: IsiNdebele 070627 Further Education and Training Phase Tourism

071222 FET: Languages: IsiXhosa 070628 Further Education and Training Phase Teaching 
Visual Arts

071223 FET: Languages: IsiZulu 070629 Further Education and Training Phase 
Afrikaans

071224 FET: Languages: Sepedi 070630 Further Education and Training Phase English

071225 FET: Languages: Sesotho 070631 Further Education and Training Phase 
IsiNdebele

071226 FET: Languages: Setswana 070632 Further Education and Training Phase IsiXhosa

071227 FET: Languages: Siswati 070633 Further Education and Training Phase IsiZulu

071228 FET: Languages: Tshivenda 070634 Further Education and Training Phase Sepedi

071229 FET: Languages: Xitsonga 070635 Further Education and Training Phase Sesotho

071230 FET: Life Orientation 070636 Further Education and Training Phase 
Setswana

071231 FET: Life Sciences 070637 Further Education and Training Phase SiSwati

071232 FET: Mathematical Literacy 070638 Further Education and Training Phase 
Tshivenda

071233 FET: Mathematics 070639 Further Education and Training Phase Xitsonga

071234 FET: Mechanical Technology 070640 Further Education and Training Phase Equine 
Studies

071235 FET: Music 070641 Further Education and Training Phase Maritime 
Economics

071236 FET: Physical Science 070642 Further Education and Training Phase Modern 
Greek

071237 FET: Religious Studies 070643 Further Education and Training Phase Nautical 
Science

071238 FET: Tourism 070644 Further Education and Training Phase Sport 
and Exercise Science

071239 FET: Visual Arts 070645 Further Education and Training Phase Arabic

071240 FET: Physical Education 070646 Further Education and Training Phase French

071299 Teacher Education and Professional 
Development, Specific Subject Areas, Further 
Education and Training, Other

070647 Further Education and Training Phase German

079999 Education, Other 070648 Further Education and Training Phase Gujarati

070649 Further Education and Training Phase Hebrew

070650 Further Education and Training Phase Hindi

070651 Further Education and Training Phase Italian

070652 Further Education and Training Phase Latin

070653 Further Education and Training Phase 
Portuguese

070654 Further Education and Training Phase Spanish

070655 Further Education and Training Phase Tamil

070656 Further Education and Training Phase Telugu

070657 Further Education and Training Phase Urdu
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CESM codes 
(2010-2014)

Description CESM codes 
(2015 onwards)

Description

070699 Further Education and Training Phase, Other

0707 Teaching, Leading and Researching in 
Community and Adult Education and 
Training Contexts

070701 Ancillary Health Care

070702 Applied Agricultural Sciences and 
Agricultural Technology

070703 Arts and Culture

070704 Afrikaans

070705 English

070706 isiNdebele

070707 isiZulu

070708 Sepedi

070709 Sesotho

070710 Setswana

070711 SiSwati

070712 Tshivenda

070713 Xitsonga

070714 Early Childhood Development

070715 Economic and Management Sciences

070716 Human and Social Sciences

070717 Information and Communication Technology

070718 Life Orientation

070719 Mathematical and Mathematical Sciences

070720 Mathematical Literacy

070721 Natural Sciences

070722 Small Medium Micro Enterprises

070723 Technology

070724 Travel and Tourism

070725 Wholesale and Retail

070799 Teaching, Leading and Researching in 
Community and Adult Education and 
Training Contexts

0708 Teaching; leading and researching in 
Technical and Vocational    Education 
and Training (TVET) contexts

070801 Art, Design and Decor

070802 Civil Engineering and Building Construction

070803 Clothing and Textiles

070804 Cosmetology

070805 Drawing Office Practice

070806 Education and Development

070807 Electrical Infrastructure Construction

070808 Engineering and Related Design

070809 Finance, Economics and Accounting

070810 Hospitality

070811 Information Technology and 
Communication Science
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070812 Languages

070813 Life Orientation

070814 Management

070815 Marketing

070816 Mathematics and Mathematical Literacy

070817 Mechatronics

070818 Office Administration

070819 Physical Sciences

070820 Primary Agriculture

070821 Primary Health

070822 Process Instrumentation

070823 Process Plant Operations

070824 Public Relations

070825 Safety in Society

070826 Tourism

070827 Transport and Logistics

070899 Teaching, Leading and Researching in Technical 
and Vocational Education and Training (TVET) 
contexts, Other

0709      Teaching, Leading and Researching in 
Higher Education

070901 Teaching, Leading and Researching in 
Higher Education

0710 Teaching and Learning Support 

071001 Education Librarianship

071002 Guidance and Counselling

071003 Sport and Exercise Science and Coaching

071004 Information and Communication Technology 
Support

071005 Multi grade teaching

071006 Inclusive teaching

071007 Social Context and Barriers to Learning

071099 Teaching and Learning Support – other

0711 Educational Management 
and Leadership 

071101 Community and Adult Education and Training 
Management

071102 Educational Leadership and Management, 
General

071103 Education System Administration

071104 Early Childhood Education and Development 
Management

071105 Management of Special Education

071106 Higher Education Management

071107 School Management

071108 Technical and Vocational Education and 
Training Management
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Description CESM codes 
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071199 Educational Management and Leadership, 
Other

0712 Educational Assessment, Evaluation and 
Research

071201 Educational Evaluation and Research

071202 Educational Statistics and Research Methods

071203 Educational Assessment, Testing and 
Measurement

071299 Educational Assessment, Evaluation and 
Research, Other

0713 Special Needs Education

071301 Special Needs Education, General

071302 Education/Teaching of Individuals with Hearing 
Impairments/ Deafness

071303 Education/Teaching of the Gifted and Talented

071304 Education/Teaching of Individuals with 
Emotional Disturbances

071305 Education/Teaching of Individuals with 
Mental Disabilities

071306 Education/Teaching of Individuals with 
Multiple Disabilities

071307 Education/Teaching of Individuals with Physical 
Health Impairments

071308 Education/Teaching of Individuals with Vision 
Impairments (including Blindness)

071309 Education/Teaching of Individuals with Specific 
Learning Disabilities

071310 Education/Teaching of Individuals with Speech 
or Language Impairments

071311 Education/Teaching of Individuals with Autism

071399 Special Needs Education, Other

0714 Other fields of study in education

071401 Academic Literacy

071402 Community and Adult Education and Training

071403 Education and Development

071404 Education and Work

071405 Educational/Instructional Media Design

071406 Environmental Education

071407 Higher Education Studies

071408 HIV/AIDS Education

071409 Inclusive Education

071410 Subject Studies in Education

071411 Technical and Vocational Education and 
Training Studies

071499 Other fields of study in education, Other

0799 Education, Other
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