johann mouton & wieland gevers
1.1 genesis and history of public science in south africa
Initial dynamics of science development

S

outh African science has a long and
proud tradition. Born in the mid-eighteenth century from the works of amateur natural historians and astronomers
who travelled to the then Cape Colony to
satisfy their intellectual curiosity, it has developed into a major science base on the
African continent. The initial excursions of
amateur scientists soon gave way to more
formalised and institutionalised modes
of knowledge production in the 19th century, with the establishment of the Royal
Observatory in 1820 and the South African
Museum in 1825. With the discovery of gold
and diamonds and the subsequent industrialisation of the Witwatersrand1, came
a new demand for mining engineers and
geologists. This was soon followed, because
of various economically significant problems (mining-related occupational diseases,
infectious animal epidemics and a variety
of plant-crop diseases), by the establishment of major research centres (most notably the Onderstepoort Veterinary Institute
and the South African Institute for Medical
Research) around the turn of the twentieth
century. The period between the two World

Wars witnessed further consolidation of
these and other research institutes (still
mainly outside higher education institutions, which focused primarily on teaching
– see below) and more expansion.
During this period, the first national and wellfunded social science study – the Carnegie
-funded investigation (1929-1932) into the
plight of the poor white Afrikaner – was
undertaken. In the wake of World War I and
due also to increasing employment of cheap
black labour on the mines, the position of
many white Afrikaners deteriorated rapidly.
This was further aggravated by the world
depression of the early thirties, and poverty
became endemic. The Carnegie study of
the poor white problem (as it would subsequently become known) is recognised to be
the first major interdisciplinary, applied and
policy study in the social sciences in South
Africa which involved both academics and
government policymakers.
Post-war industrialisation
As elsewhere in the world, the period
following World War II was associated with
a major stimulus for science development.
Standing out in this respect was the estab-

1 The area surrounding Johannesburg comprising a low range of hills rich in mineral deposits and the largest urban conglomeration in the
country.
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lishment of three key organisations still part
of the macro-industrial landscape, namely
the Iron and Steel Corporation (Iscor, now
Mittal Steel South Africa), the Electricity
Supply Commission (Eskom) and the Industrial Development Corporation (IDC).
The key mover in all three cases was the
physicist, HJ van der Bijl, who had been
Director‐General of War Supplies in World
War II, and had come to the realisation during the execution of his duties that South
African industry needed an organisation to
promote the development and assimilation
of new technologies. This gave rise to the
establishment of the Council for Scientific
and Industrial Research (CSIR), the biggest
and best-resourced science laboratory
complex in the country.
Since its establishment in 1945, the CSIR
has played a major role in carrying out and
promoting cutting-edge scientific research,
and through its influence ultimately ensured a wider appreciation of the developmental role of scientific research within
the country. It also, directly and indirectly,
gave rise to the establishment of many
of the other science councils which were
formed between the 1950s and 1970s:
the Mineral and Energy Technology Council (Mintek), the South African Bureau of
Standards (SABS), the Human Sciences
Research Council (HSRC) (1969), the Medical Research Council (MRC) (1969) and the
Council for Geoscience.
A siege society under apartheid
The emphasis within the science councils

was on strategic research in order to serve
the national goals of the then government,
many of which were security-related. This
eventually led, inter alia, to the development of an indigenous nuclear research
industry that was able, amongst other
activities, to build a small number of atomic
bombs (destroyed voluntarily in 1993). This
was part of a powerful energy and defence
research industry built up in the 1970s
and 1980s, centred on the Atomic Energy
Corporation (AEC), the arms manufacturer
ARMSCOR and the oil-from-coal giant Sasol.
Some of the research and development
(R&D) related to these developments was
located in certain universities (which still
have well-resourced engineering faculties
and spin-off companies). It is estimated
that spending during the mid-eighties on
energy and military/defence R&D, quantitatively the most significant research activity at the time, was higher than all civil R&D
expenditure combined.
Both these developments, the proliferation
of science councils and the development of
a world-class energy and military/defence
research industry, together with an increasing focus on research at most of South
Africa’s established universities, led to a
major increase in national knowledge
production. In one of the very few bibliometric analyses of South African science in
the 1960s and 1970s, Reynhardt (1982) referred to this period as the ‘golden years’
of South African science. He showed that
South African-authored natural science
papers in the Science Citation Index (SCI)
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during the period between 1967 and 1974
grew almost exponentially, doubling in
output every four years (compared to the
contemporary world average of every sixteen years). This growth flattened out in the
mid-seventies, however, and even started
to decline by the 1980s.
It was in this time that South Africa sprang
to world prominence with several noteworthy achievements – the world’s first heart
transplant, an indigenous uranium enrichment process, unique Fischer–Tropsch
applications in oil-from-coal technology,
new carbon-in-pulp technology in steelmaking, the beginning work on computer-assisted tomography (CAT scanning)
amongst others.
In a more recent bibliometric assessment
of South Africa’s share of world science
between 1980 and 2000, Ingwersen and
Jacobs (2004) showed a further fluctuation:
from a low base of below 0.6% of world
science in 1980 (expressed as the percentage of (any) authors with South African
addresses out of all authors of all indexed
papers), South Africa’s share of world
science peaked in the period between 1985
and 1990 at around 0.77%.
The 1960s and 1970s represented the
period of strongest growth in scientific
institutions and knowledge production in
the history of South African science up to
that time. This coincided, as far as can be
established in a mostly classified environment, with the biggest expenditure on R&D

1

in the history of state support of science,
although it was heavily skewed towards
investment in military R&D.
Ironically, although the era of ‘apartheid
science’ (between the late 1960s and the
late 1980s) was apparently the ‘best of
times’ for South African science, it was also
the worst of times. Emigration (an old problem that was associated with no fewer than
four Nobel Prizes being awarded to South
African-born scientists whose main work
was done overseas – M Theiler, A Cormack,
A Klug and S Brenner) increased dramatically, affecting both established and
potential talent and robbing the country of
a large proportion of its best scientific talent.
Many young graduates opted to move
overseas rather than to serve under conscription in the armed forces on the country’s embattled borders.
This was worsened by the ‘internal emigration’ of many talented young Afrikaansspeaking graduates into a government system drawing for the recruiting of its officials
on only a tiny fraction of the South African
population, and weakening the universities
that were their natural academic preserve.
Progressive isolation of a science system
The apartheid policies of the National
Party2 government resulted in the gradual
and widespread isolation of South African
science and scientists over this period.
Although the party came to power in
1948, South Africa’s political isolation can
be traced to various critical events that

2 The National Party won the 1948 election on a policy of apartheid.
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occurred in the late 1950s and early 1960s
– the banning of the African National
Congress (ANC)3 in 1960; Prime Minister
Verwoerd’s decision to leave the Commonwealth in 1961; the Sharpeville massacre4
in 1960; Nelson Mandela’s incarceration in
the same year; and subsequent United
Nations arms embargoes commencing in
1963. These were soon followed by comprehensive cultural sanctions (enacted
for the most part in the 1970s and 1980s),
which included severing academic links
and contacts with South African scholars and scientists. South African scientists
could not for the most part attend international conferences and meetings, visits by
foreign scholars to South Africa dwindled,
and scholarly exchanges of most kinds
became negligible. International scientific
collaboration became nearly impossible,
as increasing numbers of South African societies and professional associations were
banned from being members of international bodies (such as the United Nations
Educational, Scientific and Cultural Organisation (UNESCO), the International Council
for Science (ICSU) and many others).
The South African government, through
its censorship laws, further contributed to
academic isolation by banning books by
authors (mostly Marxist and neo-Marxist)
that it saw as a threat to the civil order. The
pariah status that was assigned to the government spilled over to its citizens and also
its scientists.

Exacerbation of weakness through internal dysfunction
The ideology of apartheid also had major
negative effects on the state of South African science itself. On the one hand, it led
to increasing polarisation within the white
academic community at the historically
white universities, and, on the other, to the
creation of the historically black universities (HBUs) or so-called ’bush colleges’ (see
below). This gave rise to huge inequalities
within the higher education system, with
very little or no contact between white
and black academics. As to the former,
the relations between Afrikaans- and English-speaking scholars, or between more
conservative and more liberal academics, within both universities and science
councils, became ideologised and polarised. A significant number of scientists and
academics sided with the government and
supported institutions such as the Broederbond (a secret society of government supporters which exerted a major influence in
all spheres of society and government) and
the Suid-Afrikaanse Akademie vir Wetenskap
en Kuns (an exclusively Afrikaans Academy
of Science and the Arts).
Some scholars in fields such as education,
anthropology, history and sociology not
only publicly supported the apartheid ideology, but provided scientific and academic
justifications for it. A majority of the country’s academics, on the other hand, dissoci-

3 The ANC is the party of Nelson Mandela and the governing party of South Africa. It was formed in 1912 and is the oldest political
organisation in the country.
4 A confrontation between South African police and black protestors that occurred in the township of Sharpeville, south of Johannesburg
on 21 March 1960, which led to the killing of 69 people.
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ated themselves from the apartheid state
and engaged in varying degrees of critique,
dissension and protest.
These divisions soon spilled over into a
form of internal academic isolation which
was most clearly manifested in the social
sciences. Academics in such fields as sociology, anthropology, psychology and education split along ideological lines, while
liberal and progressive scientists refused to
apply for funding from government or to
collaborate with conservative academics. A
number of professional societies split over
issues of membership of black academics,
which led, during the 1960s and 1970s,
to the establishment of separate professional societies respectively for anthropology, sociology, education and psychology.
In each case, one society would not allow
black academics to join and would often be
closely aligned to the political leadership of
the day; the other society (more liberal and
critical) would be open to all within the respective disciplines, and would encourage
critiques of the apartheid state.
Apartheid-driven academic engineering
The creation in the 1960s of the HBUs and
their systematic marginalisation and mismanagement under government control
led to a different kind of polarisation, i.e.
between ‘privileged’ white universities
and ‘disadvantaged’ black universities. The
HBUs in their conception and implementation were aligned with the apartheid gov-

1

ernment’s policy of establishing homelands
for each ethnic group. Hence, the University
of Zululand was established to serve the
Zulu community, the University of Bophuthatswana to serve the Tswana ethnic group,
and so on. The HBUs were also viewed as
predominantly teaching institutions, with
little scholarly investment and little encouragement to engage in postgraduate
studies, research and scholarship.
Because of international bans and boycotts,
many South African scientists had little
scientific contact with their international
colleagues during the 1970s and 1980s.
Equally, if not more serious, however, was
the lack of contact within the scientific
community in South Africa. Collaboration
with colleagues across political and racial
divides was minimal to non-existent, leading to an internally isolationist scientific
culture in a system that was compartmentalised in the extreme.
The tide turns – transition to an inclusive
democracy
The late 1980s were associated with an
increasing liberalisation of government
policies. Sustained international pressure
(sanctions, boycotts) and internal political and economic realities made it inevitable that the apartheid government would
eventually accede to demands for a democratic state. By the beginning of the 1990s,
it was clear that change was imminent. On
27 April 1994 the first democratic election
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was held in South Africa’s history, which
resulted in the ANC coming to power. The
new government quickly moved to eradicate all vestiges of apartheid, including that
within the national science and technology
(S&T) system. A new S&T policy framework
was developed, new governance structures
were put into place, and various initiatives
were launched to restructure and re-position scientific institutions.
The most significant feature of the new
order has been the central role of a new
Ministry, first combined with arts and culture, then separated to become the Ministry/Department of Science and Technology
(DST). A series of important policy statements has been instrumental in the unfolding of an agenda that has positioned
S&T as a form of national investment with
large socio-economic returns. A ‘National
Science and Technology Forum’ established
for systemic consultation in the transition
has survived to play a useful role in the settling-down period. The National Advisory
Council on Innovation (NACI) advises Cabinet through the Minister of Science and
Technology.
A new science academy
The Academy of Science of South Africa
(ASSAf ) was established in 1996 as the new
national science academy, with an inclusive
approach to all empirical disciplines and a
mandate to generate evidence-based advice along the lines of the United States
(US) National Academies and the Royal Society in the United Kingdom (UK); it became
a statutory organisation in 2001 but operates independently of the government.
The roles of the non-statutory, 100-year old

‘Royal Society of South Africa’ and ‘Akademie vir Wetenskap en Kuns’ have respectively
become the advancement at grass-roots
level of the natural sciences and the promotion of science and the arts in the highlydeveloped indigenous language, Afrikaans.
ASSAf has published comprehensive reviews of scholarly publications produced
in and from South Africa in journals and in
books, as well as several other significant
reports. It publishes the flagship South
African Journal of Science and the country’s
leading science magazine, Quest–Science
for South Africa.
Rapid evolution of a new and dynamic
national S&T system
The initial approach of the new government to the essential features of the national research landscape was to require
the science councils to raise up to half their
resources from external contract income,
to see that the universities concentrated
on their teaching role in the new, much
more inclusive admissions context, and to
allow business/industry to look after itself.
This has rapidly changed to a much improved and more unified strategy where
government itself has driven new sciencebased initiatives (such as the Pebble Bed
Modular Reactor (PBMR) and the bid for
the ‘Square Kilometre Array’ (SKA) megaradiotelescope), where science councils are
seen as key research resources in strategic
areas, ‘research-led universities’ are being
fostered, the expansion of the national pool
of high-level ‘human S&T capital’ is a core
agenda, a highly innovative business sector is encouraged, and foreign partnerships
and alliances are selectively fostered.
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Successive ministers and chief civil servants
have been able to unlock funding from
the National Treasury to increase the national R&D spend in terms of gross domestic product (GDP) to nearly 1%, from a low
base in 1994 of 0.4%. A national R&D policy
accepted by Cabinet in 2002 formally
created five new ‘missions’ to replace the
dominant military and energy-substitution
drivers of the past, and a follow-up ‘Ten-Year
Innovation Plan’ adopted in 2008 refined
the trajectory in terms of specific targets.
Recently, the passage of an Intellectual
Property Protection Act and the establishment of the Technology Innovation Agency
(TIA) have served to underline a very clear
commitment to innovation in the country’s
future.
1.2 Higher education institutions in South Africa
A well-developed, newly reorganised
university system

L

ack of space prohibits providing a full
description of the 23 public higher
education institutions in South Africa.
Table 1.1 lists them in their three categories,
universities, comprehensive institutions,
and universities of technology, with main
locations, total student numbers, numbers
of registered Masters and Doctoral students,
and total numbers of academic and research
staff. The table reflects the reorganisation
of institutions conducted in 2002-4, when
many of the distinctions between the
‘historically (disadvantaged) black’ and
‘historically (advantaged) white’ institutions
were blurred but certainly not extinguished

1

through deliberate mergers.
The higher education sector accounts for
23% of research expenditure and 33% of
full-time equivalent (FTE) human resources
engaged in research. There are approximately 50 000 postgraduate students (Masters and Doctoral levels) enrolled at South
African universities (figures for 2007).
General features of the university system
All the public higher education institutions
are funded by the Department of Higher
Education and Training (DoHET) through a
complex, formula which takes account of
both (prospective) teaching loads (inputs)
and (retrospective) research activity (outputs), and also includes field-specific factors
and a variety of developmental parameters.
As state subsidies declined in relation to the
operational needs of especially researchactive institutions, student fees have risen
sharply and ‘third-stream’ income has increased. As a crude generalisation, capital
infrastructure (buildings, equipment and
general facilities) by international standards varies from good to impressive, while
student-staff ratios would be considered
high to very high, particularly if the poor
pre-university preparation of a majority of
undergraduates is taken into account.
The academic model used by South African universities was derived from Scottish/
British precursors, offering a mix of 3-year
general and 4-year professional Bachelors
degrees, selective-entry, 1-year Honours
programmes which are expected to deepen knowledge and prepare especially
talented students for research activities,
and sequential research/taught Masters
and research-only Doctoral degree oppor45
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Table 1.1: Public higher education institutions in South Africa, 2007
Name of University
North-West University (NWU)
Rhodes University (RU)
University of Cape Town (UCT)
University of Fort Hare (UFH)

Main location(s)

Total
students

(Masters/
Doctoral
students)

Academic/
Research
staff

Potchefstroom, Mafikeng

38 708 ����������

3 699

889

Grahamstown

5 915

846

323

Cape Town

21 188

3 908

1 658

Alice, Bisho, East London

8 527

500

261

Bloemfontein

24 684

3 022

1 083

University of KwaZulu-Natal
(UKZN)

Durban,
Pietermaritzburg

37 850

4 901

1 472

University of Limpopo
������������
(UL)

Polokwane, Tshwane���������������������
����������������������������

17 469

1 817

1 984

Pretoria/Tshwane

53 080

6 536

2 249

University of Stellenbosch (SU)

Stellenbosch

23 439

4 953

786

University of the Western Cape
(UWC)

Cape Town

14 838

1 487

376

Johannesburg

25 101

5 717

1 231

Nelson Mandela Metropolitan
University (NMMU)

Port Elizabeth

24 245

1 708

510

University of Johannesburg (UJ)

Johannesburg

41 613

2 085

2 792

University of South Africa (UNISA)

Pretoria/Tshwane

227 538

5 408

1 393

University of Venda for Science &
Technology (UV)

Thohoyandou

10 968

307

245

Ulundi

9 317

473

308

Mthatha, East London

24 120

162

683

Cape Town

28 952

710

657

Central University of Technology
(CUT)

Bloemfontein

10 478

271

816

Durban University of Technology
(DUT)

Durban

22 702

359

566

Mangosuthu University of Technology (MUT)

Durban

10 096

0

143

Pretoria/Tshwane

51 446

1 825

855

Vanderbijlpark

16 146

208

840

University of the Free State (UFS)

University of Pretoria (UP)
�������������

University of Witwatersrand (Wits)
COMPREHENSIVE INSTITUTIONS

University of Zululand (UZ)
Walter Sisulu University (WSU)
UNIVERSITIES OF TECHNOLOGY
Cape Peninsula University of
Technology (CPUT)

Tshwane University of Technology (TUT)
Vaal University of Technology
(VUT)

Source: SARUA Handbook 2009: A Guide to the Public Universities in Southern Africa,
accessed on 4 September 2009 at http://www.icsu-africa.org/docs/handbook-sarua.pdf.
46

TWAS book_Chap1-6.indd 46

2009/10/05 01:07:49 PM

Introduction

INTRODUCTION
tunities. The DoHET controls the ‘qualification mix’ that can be offered by individual
institutions, both in terms of fields on offer
and the levels at which students can be
registered and taught. A large proportion
of students entering university study through
the systemic gate of a national school-leaving examination is under-prepared, mainly
due to serious problems in the schooling
system that have unfortunately been largely refractory to improvement measures
since the democratic transition of 1994. All
institutions accordingly dedicate considerable resources to ‘academic development
programmes’, comprising a mix of special
and/or extended curricula, support units,
financial aid and modified admission and/
or progression rules. The state operates a
large-scale National Student Financial Aid
Scheme offering loans (sometimes convertible into bursaries) to needy students.
The ‘core resource’ neglected – university-based staff doing research as a
side-line
Academic staff promotion grades at South
African universities are similar to those
used in the UK system, with the ranks of lecturer and senior lecturer rising to associate
and full professorship. Traditionally, much
of their research activity has been in the nature of a kind of ‘cottage industry’. Government-sourced research funding has been
channelled to higher education institutions
mainly through the NRF (already mentioned
above) in respect of the natural, engineering, social and human sciences, and the
MRC, with small coordinated contributions
from bodies such as the Water Research
Commission (WRC). This mostly comprises
various kinds of project-related grants and
bursary-type funding to both individual

1

student applicants and investigators, both
predicated on the provision of institutional
infrastructure. This funding pattern is in
effect a ‘sprinkler system’ distributing
limited funds on a widespread basis.
It is fair to conclude that the nadir of science
productivity in the early 1980s described
above was associated with academic isolation, the reorganisation of the CSIR, and the
poorly differentiated and ‘sprinkler-maintained’ university research system.
The ‘core resource re-energised – university staff with time to do research
The widespread previous practice of pyramidal fixed hierarchies in university departments evolved along US lines into a
system where, in addition to new competitive appointments into advertised posts, all
internal staff members could be annually
promoted to higher ranks on an ad hominem basis. This change has had dramatic
effects on the system, encouraging the
building of critical-mass research groups
with senior co-workers, improving postgraduate supervision, and retaining many
talented researchers in the country. A second factor favouring research concentration has been the recent rapid expansion
of the postdoctoral fellow tier in academic
departments and research groups, funded
from within institutions, from state agencies, and from charitable foundations both
in the country and in overseas (developed)
countries. These usually very talented
people would in earlier days invariably
have proceeded overseas to further their
careers, with high risks of ‘brain drain’;
now they are able to provide almost ideal
support to hard-pressed academic staff in
terms of keeping research activity going in
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groups, institutes, units or centres.
The research system of the higher education institutions has to a large extent been
moulded since the 1980s by the adoption by the national funding agency (the
National Research Foundation, NRF) of a
‘rating system’ for scientists and scholars by
means of which they are formally and publicly classified for five years at a time into
a number of categories on the basis of
an extensive international multiple peerreview process. Categories ‘A’ and ‘B’ reflect
international recognition in the respective
field, category ‘C’ steady national eminence,
and ‘P’ a bright star of the future. As might
be expected, the rating system is highly
controversial across different fields and
modes of practising scholarship.
Strategic high-level human capital development in S&T – the new priority
The most recent systemic injection into research concentration has been the national
research chairs programme sponsored
by the DST and administered by the NRF.
About a third of the projected total of 210
chairs has been established to date, competitively providing salary and significant
support packages to incumbents across the
university system for renewable periods of
five years. Many have been ‘brain gain or regain’ appointments, bringing ‘new blood’
into the country’s science system. The
smaller, but individually better resourced
national ‘centres of excellence’ programme
(which has established seven large concentrations of especially productive scholars in
several institutions), has been built on an
older and still persisting model of research
units/groups/centres set up by funding
agencies in strong or priority areas.

Together with the national equipment
programme, and very significant foreign
programme funding in certain fields like
health, these interventions have been particularly effective in addressing the problems inherent in a generalised model for
academic staff of heavy teaching duties
and limited research time. Many institutions have in fact positioned themselves to
gain from these programmes by organising
their internal research development efforts
in focused ways that promote competitive
advantage in gaining access to the external
funding.
Finally, it should be mentioned that the
‘supply-side’ subsidisation stream for public higher education institutions generated
by formula on the basis of research outputs
(about R 1.5 billion per annum each for
Masters- and Doctoral-level graduations,
on the one hand, and for accredited publications, on the other) outweighs the total
flows generated by the competitive ‘demand-side’ grants distributed by the NRF,
MRC. WRC and other agencies, which do
not for that reason, cover overhead costs.
Institutions have used some of this discretionary funding to establish effective and
efficient research directorates working in
concerted ways to build capacity and maximise benefits under unfolding national
policy. There is much debate whether the
balance between the two overall funding
streams is appropriate, but it seems that
productivity and quality enhancement
have in fact been materially assisted by the
mix of autonomous and steered support of
institutional research systems.
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1.3 Public research institutions, including the science
councils, government-based
units, and national research
facilities
Key national research resources:
public entities

T

here are currently 12 major public
research institutions (PRIs), which are
exclusively R&D performing institutions. (The exception is the MRC, which also
has an agency function.) Space precludes
mentioning here more than simply the
existence of these important and productive organisations: many of the extensive
research activities of these organisations
will be described in the chapters of this
book.
The first and largest PRI, the CSIR, was established in 1945, although the model dates
back to the mid-1930s in certain other Commonwealth countries. The other PRIs are
the Agricultural Research Council (ARC), the
HSRC, Mintek (for minerals processing research), the MRC, the South African Bureau
of Standards (SABS), South African Weather
Services, the Council for Geoscience, the
South African National Energy Research Institute (SANERI), the South African National
Biodiversity Institute (SANBI), the Marine
and Coastal Management division (a division of the Department of Environmental
Affairs) and the Africa Institute of South Africa (AISA). In principle, the funding of the
PRIs consists of a parliamentary component
(on average 50% of the total budget of the
institution) and income generated through

1

contract activities. The most recent National R&D Survey (2006/7) shows that science
councils accounted for 17.3% of total national expenditure on R&D and employed
23% of the total full-time equivalent (FTE)
R&D workforce.
Each PRI is mandated by an act of parliament to undertake R&D for the benefit of
the country. Many of the extensive research
activities of these organisations will be
described in the chapters of this book.
Government research
A second category of R&D bodies comprises
several relatively modest public R&D enterprises that have been established by government departments to serve functions
integral to their core functions, including
the National Health Laboratory Service (administered by the Department of Health)
and the Water Research Commission (a
funding agency reporting to the Department of Water Affairs).
These units are mostly governed and funded by the relevant department and managed by specially appointed staff. Their R&D
outputs are intended primarily for utilisation by the line department and only secondarily for the general public.
‘Big science’ in South Africa – the national
research facilities
A limited number of unique national research facilities are managed by the NRF on
behalf of the DST. They are grouped by field
into several categories:
Astro/Space/Geo Sciences:
- South African Astronomical Observatory
(SAAO)
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- South African Large Telescope (SALT)
- Hartebeesthoek Radio Astronomy
Observatory (HartRAO)
- Hermanus Magnetic Observatory
Biodiversity/Conservation
- South African Institute for Aquatic
Biodiversity
- South African Environmental
Observatory Network (SAEON)
- National Zoological Gardens of
South Africa
Nuclear Sciences
- iThemba Laboratory for Accelerator
Based Sciences
Each of these facilities has staff, equipment
and other resources designed to support
full-time research and capacity development at the highest possible levels in the
fields concerned; many of their projects
and programmes will be described in the
other chapters of this book.
1.4 Overall investment in science
R&D spending as a function of GDP

I

nvestment in science in the years immediately before and after 1994 had been
on the decline and this accordingly became one of the main strategic priorities of
the new government. Figure 1.1 illustrates

how state expenditure since 1993 has been
increasing exponentially in nominal terms
(from just above R2 billion in 1992/93 to
over R16 billion in 2006/7). The expenditure in real terms has also increased substantially, although growth has been more
gradual.
Key indicators
Table 1.2 lists some of the key indicators of
the current South African science system.
The expenditure in R&D over the past 15
years has meant that Gross Expenditure on
R&D (GERD) in 2006/7 constituted 0.95% of
GDP. This means that the target of 1% as set
in various policy documents of the DST is
within sight. The biggest share of this (89%)
is civil R&D, another indication of the huge
decline in expenditure on military/ defence
R&D over the past two decades. The business sector now consistently spends the
most on R&D (approximately 56%), followed by higher education (about 20%)
and the science councils (17%).
Information on the scientific workforce in
Table 1.2 reveals very little growth in the total number of researchers in terms of both
the total headcount or in FTEs. In fact the
total number of researchers per 1000 of
total employment has remained stable at
1.5 for the past five years. An international
comparison (Fig. 1.2 ) shows that South Africa does not compare favourably with selected countries as far as human resources
for S&T are concerned.
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GROSS EXPENDITURE ON r&d (gerd) (south africa, 1991 - 2006)
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Figure 1.1: Gross expenditure on R&D (GERD)
Source: HSRC: R&D Survey 2006/7.

Table 1.2: Key R&D indicators
Indicator

Value 2006/7

Value 2005/6

Value 2004/5

16 520.6

14 149.2

12 010.0

0.95

0.92

0.87

Total R&D personnel (FTE)5

30 986

28 798

29 696

Total researchers (FTE)

18 572

17 303

17 915

1.5

1.5

1.6

0.89

0.86

0.80

39 591

39 264

37 001

Gross domestic expenditure on R&D (GERD) (Rand
million)
GERD as a percentage of GDP

6

Total researchers per 1 000 total employment (FTE)
Civil GERD as percentage of GDP
Total researchers headcount
5
6

Full-time equivalent.
Following Organisation for Economic Co-operation and Development (OECD) practice, 		
Doctoral students are also counted as researchers.
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Figure 1.2: International comparison of the number of full-time equivalent (FTE) researchers
per 1 000 total employment in 2006
Breakdown of the research spend
The biennial R&D surveys conducted by
the HSRC also measure the broad types of
research being conducted in the country.
The 2006/7 survey showed that most of the
work (46.3%) was classified as experimental
development, 35.1% as applied research
and only 18.6% as basic research. This dis-

tribution changed when differentiated by
main sector; for example, in the university
sector, the basic research percentage is
41%. Nevertheless, as Figure 1.3 shows,
South Africa’s investment in basic research
(18.6% of total R&D expenditure) does not
compare favourably with other major countries.
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Figure 1.3: International comparison showing basic research as percent of GDP
Source: National Survey of Research and Experimental Development, 2006/7.
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In summary, the steady growth in investment in science over the past decade is a
testament to the government’s commitment to public science. At the same time,
there are clear indications in the statistics
that investment in basic and fundamental
research does not receive sufficient attention. A notable feature is the lack of growth
in the size of the scientific workforce, which
means that despite the marked gains in
productivity, South Africa may find it increasingly difficult to compete in the global
knowledge economy. Together with other
trends (such as the ageing of the active
workforce), the broadening of the human
resources base for S&T continues to pose a
big challenge to the national system of innovation.
1.5 Trends in research output
Problems in the application of bibliometric methodology to developing countries

M

easuring South Africa’s research
output is not straightforward7. The
results are dependent on the set
of scientific journals taken as the basis for
the measurement. Many countries depend
on analysis of the sets of journals indexed
in the Thomson Reuters (ISI) Web of Science
(the Science Citation Index, Social Sciences
Citation Index and the Arts and Humanities Citation Index), and most bibliometric
scholars use the same reference journals
in order to make comparison across coun-

1

tries possible. It is well documented, however, that the ISI-journals have a significant
Anglophone and developed-country bias
which penalises Francophone and other
non-English speaking countries, as well as
developing countries in general. In the latter case, journals in developing countries
(including South Africa) are not well covered in the ISI database simply because
many of them are very local journals with
small subscription bases and consequently
very low international visibility.
As mentioned previously, South Africa has a
unique system of state funding of research
output through the official recognition of
a set of so-called ‘accredited journals’, as
managed by the national Department of
Higher Education and Training (DoHET).
As a result, more than 250 local journals
across all fields of science benefit indirectly
as South African academics publish in these
journals in order that their institutions can
qualify for the publication subsidy (an
amount of R106 000 in 2007). (The Academy of Science of South Africa is currently
engaged in a DST-supported programme
aimed at raising the quality, quantity and
visibility of articles published in the local
journal and scholarly book system.)
Unless research output in local journals is
included in any measurement of national
research output, the result is a very skewed
picture of knowledge production, particularly for the social sciences and humanities.

7 The measurement of research output is confined to research articles in peer-reviewed journals in order to make international
comparison possible.
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Table 1.3: Research output in ISI-journals: country total versus higher education (1995-2007)
year	

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Country
papers

3 711 4 114 4 197 4 395 4 535 4 338 4 460 4 791 4 684 4 854 5 712 6 168 6 245

Higher
2 987 3 317 3 402 3 555 3 691 3 560 3 701 3 977 3 974 4 140 4 899 5 342 5 346
Education
(HE) papers
HE share

0.80

0.81

0.81

0.81

0.81

It is now known that local journals published in developing countries can have
high impact factors in a regional, languagerestricted or field-specific manner. Hence,
in the discussion that follows, trends in
research output as counted in both these
journal sets – in ISI-journals only, and in all
accredited journals – are presented.
Outputs in ISI-indexed journals
An overview of South Africa’s total output
in ISI-indexed journals for the period 1995
to 2007 is presented in Table 1.3. There has
been a steady increase in output since 1994,
with a near doubling of total output. The
table also shows how the share of output
of academics at universities has increased
over this same period: from 80% in 1995 to
86% in 2007.
In addition to the staff at universities, the
other main contributors to South Africa’s
research output are staff employed by the
science councils (most notably the CSIR,
HSRC and ARC), the national research fa-

0.82

0.83

0.83

0.85

0.85

0.86

0.87

0.86

cilities (e.g. SAAO and the Hartebeesthoek
Radio Astronomical Observatory) and some
government research institutes (such as the
National Health Laboratory Services and
the South African National Biodiversity Institute). The diminishing share of the nonuniversity sector could be an indication of
the increasing commercialisation of the
research portfolio at the science councils
which have been forced increasingly to
earn large parts of their operating revenue
through contract research. Closer inspection of the contributions of the individual
science councils also shows that the ARC
has recorded no growth in its output over
this period, reflecting perhaps the impact
of recent organisational difficulties at this
council.
Differential performance of different universities and fields
As far as the universities are concerned,
eleven universities have produced more
than 1 000 papers in ISI-journals over this
period, constituting 92% of total output by
the sector. The individual shares of universi-
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Table 1.4: University shares of South African research output in ISI-journals (1995-2007)
total (1996-2007)

Total (1995 – 2007)
University of Cape Town (UCT)

10 219

SHARE (%)

Share (%)

19.7

University of the Witwatersrand (Wits)

8 523

16.4

University of Pretoria (UP)

6 998

13.5

University of KwaZulu-Natal (UKZN)

6 670

12.9

Stellenbosch University (SU)

6 150

11.9

University of the Free State (UFS)

2 181

4.2

Rhodes University (RU)

1 963

3.8

University of Johannesburg (UJ)

1 562

3.0

North-West University (NWU)

1 456

2.8

University of the Western Cape (UWC)

1 212

2.3

Nelson Mandela Metropolitan University (NMMU)

1 047

2.0

ties in descending order are summarised in
Table 1.4.
A breakdown by main scientific field (Fig.

1.4) shows clearly that South Africa’s research output in ISI-journals is dominated
by the natural and agricultural sciences
(53% combined) and health sciences (26%).

Figure 1.4: South African ISI-output by main field (1995-2007)8

8 	����������������������������������������������������������������������������������������������������������������������������������������������
This graph represents ‘article units’, i.e. fractional counts of research output. This enables the DoHET to assign research subsidy fairly in
those cases where articles have multiple authors both from more than one South African university as well as from overseas universities.
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The contribution of the social sciences and
humanities is only 11%, although this proportion has increased in recent years.

tion captured in SA Knowledgebase10, one
can take a long-term view of research article output at South African universities.

Outputs in journals accredited by the
Department of Higher Education and
Training
A second point of reference is to look at
research publications in ISI- and non-ISI
journals (local and International Bibliography of the Social Sciences (IBSS)-journals)
as recognised under the DoHET’s system
of research output-generated institutional
funding (since 2003)9. Based on informa-

The total article output (fractional counts)
remained very stable from the inception of
the funding framework in 1987 until the revision of the original policy in 2003. With the
promulgation of the new policy framework
in 2003 (which came into effect in 2005),
there occurred the first significant increase
in 15 years – a trend that has continued until 2006 (when the system reached its recent
peak of 7400 article units) (Fig. 1.5).

8000
7000
6000
5000
4000
3000
2000
1000
0

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
4977 5060 4943 5226 5187 5406 5336 5636 5500 5662 5614 5162 5130 5546 5504 5832 5621 6156 6662 7403 7136

Figure 1.5: Higher education article unit output (1987-2007) 11

9 	�������������������������������������������������������������������������������������������������������������������������������������
The DoHET funding system only applies to papers published by staff affiliated with one of the 23 universities in South Africa, hence
this measurement excludes all non-university publications. Given that the higher education sector dominates research output in
the country (86% of all ISI-papers in 2007 were authored by university academics), this still represents a significant measurement.
10 SA Knowledgebase is a bibliometric database housed at the Centre for Research on Science and Technology (CREST) which contains
bibliographic and demographic information on scientific articles produced in accredited journals (ISI and non-ISI) since 1987 by any
South African author.
11������������������������������������������������������������������������������������������������������������������������������������������������
It is important to emphasise that this graph represents ‘article units’, i.e. fractional counts of research output. This enables the DoHET to
assign research subsidy fairly in those cases where articles have multiple authors both from more than one South African university as
well as from overseas universities.
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The increase in output from 2004 onwards
is such that it calls for an explanation, as it
is not been associated with an increased
number of producing scientists and scholars in the system. The factors described in
an earlier section (the changes in promotion and retention policies at institutions,
the incentives provided by the rating system operated by the NRF, the introduction
of research chairs and centres of excellence,
the establishment of several large research
institutes, the overall strategic approach to
research capacity development now being
adopted at both national and institutional
levels, etc ) have probably, in different combinations in different settings, provided the

1

momentum for the observed enhancement
of the national R&D system. It is unlikely
that aberrations in policy-responsive behaviour on the part of publishing scholars
are a serious issue in the face of the increasing internationalisation of the research outputs described previously, and the efforts
by ASSAf to improve the quality of local
journals.
Overall performance in broad research
fields
South Africa’s research output as a function
of main disciplinary fields is shown in Figure
1.6, which presents the breakdown for the
period 1990–2006 for output in all DoHET-

Figure 1.6: Total South African article output by broad disciplinary field, 1995-2006
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accredited journals, i.e. for local (non-ISI) as
well as ISI and IBSS-journals.
The general picture presented in Figure 1.6
has remained remarkably unchanged over
the 17-year period covered; the respective
contributions of the natural sciences (36%)
and the social sciences and humanities
combined (37%) have remained virtually
the same over the period. But this general
picture hides quite large disciplinary differences when broken down according to
whether the work was published in ISI-journals or in local (non-ISI) journals, as shown
in Figures 1.7 and 1.8, respectively.
South Africa’s output in ISI-journals has
been dominated by the natural sciences (43
– 46%), followed by the health sciences (25
– 28%) and engineering sciences (10%). The
social sciences and humanities, combined,
have produced between 9 and 11%12 of all
outputs. Figure 1.7 essentially presents the
same picture as Figure 1.4, but now over
the period of 12 years.

who publish predominantly in South African journals, and scholars in the natural and
health sciences who publish much more in
foreign journals. This is almost certainly due
to the fact that social science scholarship is
typically deeply embedded in the local social and cultural context of a specific country, while the work of natural and health
scientists is not, or less so. This means, unfortunately, that much of this potentially
valuable scholarship is invisible in international indexes such as the Thomson Reuters
Web of Science. The development by ASSAf
of a free online, quality-assured platform for
locally published journals within the SciELO
(Scientific Electronic Library Online) system
first developed in South America, is an appropriate response to this problem.

The distribution of output in non-ISI journals (all South African journals) is virtually
a mirror image of the previous figure; the
social sciences and humanities represent
approximately three quarters of the output
in local non-ISI journals.

Institutional differences in publication
patterns
Recent studies by CREST have revealed
large variations between South African universities in terms of publication behaviour.
A breakdown of institutional profiles as far
as publication in ISI versus non-ISI journals
is concerned is shown in Table 1.5. A distinction can also be made between those South
African journals that are indexed in the Web
of Science (approximately 40, mostly in the
natural and health sciences) and those that
are not.

These figures show the co-existence of two
‘publication cultures‘ in South Africa; scholars in the social sciences and humanities

In the group of the most productive universities, large differences are clear between
the three (historically English-medium) and

12����������������������������������������������������������������������������������������������������������������������������������������������
The majority of South African journals that are indexed in the ISI Web of Science are either natural or health sciences journals. This means
that publications in these ’local’ ISI-journals tend to skew the picture especially in some fields such as botany, medicine, zoology and
others where large proportions of South African scholarship are published in these local ISI-journals.
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Figure 1.7: Broad scientific field distribution of South African article output in ISI-journals
(1996-2007)

Figure 1.8: Broad scientific field distribution of South African article output in non-ISI journals
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Table 1.5: Percentage distribution of ISI and non-ISI articles by institution
University13

%ISIarticles
(non-SA
journals)

%ISIarticles(SA
journals)

Total
ISI-share
for most
recent
year
83%

%non-ISI
SA
journals

%IBSSjournals14

Total
article
equivalents
recorded15

UCT

67.2%

12.3%

15.0%

1.4%

17 204

Wits

56.9%

12.9%

26.5%

3.6%

16 352
12 804

UKZN

53.8%

13.9%

30.5%

1.8%

SU

40.4%

9.6%

50.0%

N/A

13 740

UP

39.1%

14.5%

44.9%

1.4%

14 967

UFS

34.0%

13.8%

56.7%

1.1%

6 304

RU

33.8%

15.0%

51.2%

N/A

3 103

UWC

33.0%

9.0%

52.0%

6.0%

1 588

NWU

32.4%

7.0%

57.7%

2.8%

5 542

UNISA

13.0%

4.0%

80.0%

3.0%

6 878

NMMU

12.5%

39.7%

45.4%

2.5%

2 527
347

DUT

64.8%

10.7%

20.2%

4.3%

TUT

46.3%

12.1%

30.7%

10.9%

486

UFH

42.6%

14.7%

37.6%

5.2%

639

the two (historically Afrikaans-medium)
universities. The relatively high proportions of outputs from UCT, Wits and UKZN
in foreign ISI-journals (all above 50%) contrast with their relatively small output in local non-ISI journals; conversely, UP and SU
academics still publish extensively in local
South African journals.

In the outputs of medium-sized institutions,
some of these differences are even more
apparent. With the exception of RU, the
other universities in this category are either
historically Afrikaans or dual-medium universities. These patterns have to be understood in conjunction with the dominance
of the social sciences and humanities at the

13�����������������������������������������������������������������������
Durban University of Technology (DUT); University of Fort Hare (UFH).
14 International Bibliography for the Social Sciences – an index of approximately 400 journals in the social sciences recognised by the
DoHET for subsidy purposes.
15 The total number of article equivalents listed here does not reflect total output for a certain period. These figures are based on institutional profiles completed over the past 4 years for the Higher Education Quality Committee (HEQC). The time frames for the various
universities are therefore different. The initial recording period (1990) is the same for all universities, but the most recent year ranges from
2004 to 2007. Universities have been ranked in descending order according to their output in ISI-journals (column 1). The universities
have also been clustered according to volume of output: large (more than 10 000 papers), medium (between 1000 and 9999) and small
(less than 1000 papers) over the period.

60

TWAS book_Chap1-6.indd 60

2009/10/05 01:07:54 PM

Introduction

INTRODUCTION
traditionally Afrikaans-medium universities.
The profile for RU could be explained partly
by the fact that it does not have a medical
school (publication in the health sciences is
more prevalent in foreign journals). It is also
clear from the institutional profile that the
social sciences and humanities are quite
strong at RU (constituting nearly 42% of total output).
The three universities in the small-sized
category have interesting profiles as they
all produce significant numbers of papers
in ISI-journals. This is mainly due to small
pockets of capacity and knowledge production in such areas as agriculture (UFH),
engineering and the built environment,
physics and chemistry (TUT) and materials
sciences and biotechnology (DUT).
In summary, differences between universities in the production of ISI-indexed papers
are evidently related to historical factors,
the presence or absence of specific faculties
and schools, as well as to research niche areas. Most universities have adopted research
policies to encourage their staff to publish
more of their work in ISI-indexed journals,
to become rated in the NRF system, and to
collaborate internationally. This is proving
to be a sound strategy, not so much because
the ISI Web of Science necessarily indexes

1

only the top journals in the different fields
(this is evidently not the case in all fields as
reflected by the advent of the Scopus database that lists more than 14 000 journals
compared with the approximately 9 000 in
the Web of Science), but because it is important to publish in highly cited journals
and, by implication, in journals with large
readerships. The ASSAf study on the state
of scientific journals in South Africa (prior to
1996) provided conclusive evidence of the
very limited international visibility of many
local journals16; papers published over the
past 15 years in nearly a quarter (60) of the
254 South African journals published papers did not receive a single citation in any
of the 9 000 ISI-journals over a 15-year period. As mentioned above, this problem is
being addressed in a concerted manner by
the ASSAf programme in scholarly publishing in South Africa.
Institutional field differences
In addition to differences in publication
behaviour across different scientific fields,
the shape of knowledge production differs
markedly across institutions as well. Some of
these differences are simply due to the presence or absence of specific faculties such as
agriculture, engineering or medicine. Another important factor that contributes to
the ‘shape’ or ‘form’ of knowledge produc-

16 Report available at: http://www.assaf.org.za/strat_report.html.
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Table 1.6: Distribution of research output by main scientific field for selected universities
(1990-2005)
Engineering
& Applied
Sciences

Natural
Sciences

Agriculture

Health
Sciences

Social &
Economic
Sciences

Humanities

UFS

0.0%

25.3%

16.7%

18.6%

13.7%

25.7%

NWU

4.0%

25.9%

0.0%

11.7%

58.4%

UCT

4.8%

38.5%

0.0%

31.5%

14.4%

10.8%

UP

7.6%

23.7%

16.8%

17.5%

13.3%

21.1%

UNISA

1.2%

10.5%

0.0%

3.2%

29.5%

55.6%

UKZN

4.7%

29.0%

12.6%

22.0%

17.5%

14.1%

6.0%

16.9%

11.1%

24.0%

17.0%

25.0%

0.0%

7.0%

25.0%

21.0%

University

SU
NMMU

47.0%

Wits

7.6%

31.7%

0.0%

33.1%

16.1%

11.5%

UWC

0.0%

19.0%

0.0%

13.0%

31.0%

37.0%

UFH

0.0%

37.0%

15.0%

6.0%

19.0%

23.0%

DUT

16.4%

40.2%

0.0%

21.7%

15.0%

6.7%

TUT

22.4%

33.5%

10.4%

19.1%

0.4%

10.6%

tion is the relative volume of social science
and humanities (SSH) scholarship output at
each university (Table 1.6). SSH scholarship
predominates at UNISA (85%), UWC (68%)
and NWU (58%), and provides above-average shares of overall total output at NMMU
(46%), SU (42%) and UFS (39%). Within the
humanities, the presence of a theological
seminary (or a strong theological faculty)
also makes a difference – this is certainly
the case for UFS (26%), SU (25%), UP (21%)
and NWU (the biggest proportion of 58%).
The fact that the former Afrikaans-medium
universities (UP, UFS, NWU and to a lesser
extent SU) are strong in the humanities un-

doubtedly reflects their historical interest
in the production of lawyers and ministers
of divinity.
An analysis of output by scientific field over
time (not presented here) shows that these
proportions have remained fairly stable
over the past 15 years. This is not entirely
unexpected, as institutional shifts in research occur over very long time frames.
The figures presented above take into account the ‘post-merger landscape’ of institutions since 2003. Thus, for example, the
profile for UKZN has been ‘corrected’ to reflect the scientific field-breakdown for both
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the former University of Natal and that of
the University of Durban-Westville for the
1990 to 2005 period.
The differences in field profiles are interesting not only because of what they reveal
about the history of these institutions, but
they also promote the understanding of institutional differences in patterns of publication in local and foreign journals. The latter,
in turn, is a major determinant of the extent
to which a university enjoys high or low international recognition. The international
rankings of universities worldwide that
have recently become topical have identified a number of South African universities
in the ‘top-500’, but only UCT (out of all local
and continental institutions), was included
in the first 200, improving its position from
rank 200 to rank 167 in one year in one of
the most widely-publicised rankings.
1.6 Transforming the human
capital base

T

he imperative to broaden the knowledge base for public science in the
country has been an integral element
of all science and higher education policy
documents and strategies in the post-1994
era. This imperative gained even more importance when figures published by CREST
in 2002 showed that the participation of
women and black scholars in knowledge
production was far below desired levels.
Despite the improved overall productivity
of the R&D system described in previous
sections of this chapter, it has become clear
that additional gains are contingent on
addressing the under-utilisation of the

1

vast potential talent pool of the whole
population.
Detailed breakdowns of the demographics of South African research show the extent of the transformation challenge very
clearly. Previous statistics presented at the
system-level only are here augmented by
data on demographic trends at the level of
scientific field and institution.
Demographics by gender, race and age
The demographic trends discussed in this
section focus on three variables: gender,
race and age of author. Table 1.7 presents a
comparison of the gender and race profiles
for the periods 1990-1992 and 20022004, respectively. There has been a general increase in the number of female authors
across all fields but one (psychology) over
this period. Female authors are best represented in the fields of education and public
and community health (50%), followed by
substantive (more than 33%) proportions
in language and linguistics, sociology and
other social sciences. The biggest increases
in female representation have been in the
health sciences, as well as in the agricultural, biological and engineering sciences
(see Table 1.7). The national average of
female contribution to research output
was nevertheless only 22% for the 2002 to
2004 period.
There has also been a general increase in the
number of black authors in all fields. Given
the small proportions of black authors in
most fields in 1990, it is not surprising that
some of them have recorded high percentage increases. For example, the fields of
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Table 1.7: Comparison of gender and race profiles of research output (1990-1992 versus 2002-2004)
Gender

Race

% of article equivalents
by female authors

% of article equivalents
by black authors

1990-92

2002-04

1990-92

2002-04

Agricultural Sciences

14%

24%

1%

7%

Biological Sciences

15%

25%

3%

8%

Chemical Sciences

10%

19%

4%

16%

Earth Sciences

15%

25%

1%

5%

Mathematical Sciences & Information
��������������
&
Communication Technologies

9%

13%

5%

9%

Physical Sciences

5%

7%

6%

12%

Multidisciplinary Sciences

13%

22%

2%

4%

Engineering & Applied Technologies

6%

11%

3%

10%

Basic Health

20%

30%

8%

17%

Clinical Health

14%

27%

8%

16%

Public/Community Health

26%

50%

6%

15%

Economic & Management Sciences

11%

21%

4%

11%

Education

27%

50%

7%

21%

Psychology

29%

26%

7%

11%

Sociology & Related Studies

27%

34%

10%

12%

Other Social Sciences

32%

33%

6%

16%

Language & Linguistics

29%

38%

5%

15%

Law

24%

29%

3%

9%

Religion

4%

9%

3%

9%

Other Humanities & Arts

21%

26%

2%

6%

Scientific field
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buting to knowledge production is clearly
far too low, black academics now constituting approximately 35% of the university
workforce.

chemical sciences, basic health, education,
social sciences and language and linguistics by 2004 had the highest proportions
of black authors, but the national average
of black contribution to research output
has still been only 10% for the most recent
period.

Disaggregation by scientific field shows
that all twenty fields have witnessed a significant ageing of publishing scientists over
the period 1990 to 2004 (Table 1.8). In nine
of these fields, more than half of all outputs
are now being produced by authors over
the age of 50. The majority of these fields
are in the humanities and social sciences
and the health sciences. This general trend
also means that production of output by
authors under the age of 30 has declined
significantly in all fields except for mathematics (where the small sample might have
an effect on these trends).

It is worth pointing out with respect to
both these transformation areas that the
improvements recorded are still far from
achieving any degree of gender or race
parity as far as knowledge production is
concerned. The 22% contribution of female
academics and scientists to the knowledge
base is well below par, despite the fact that
female academics now constitute more
than 40% of the university workforce.
Similarly, the 10% of black scholars contri-

Table 1.8: Summary of author age demographics per scientific field, 1990-1992 and 2002-2004
All authors

Top 20% of authors

% of article
equivalents by
persons <30
years

% of article
equivalents by
persons 50+
years

% of article
equivalents by
persons <30
years

% of article
equivalents by
persons 50+
years

199092

200204

199092

200204

199092

200204

199092

200204

Agricultural Sciences

8%

3%

23%

42%

7%

1%

24%

46%

Biological Sciences

7%

5%

20%

41%

7%

3%

21%

44%

Chemical Sciences

6%

7%

32%

47%

6%

5%

34%

53%

Earth Sciences

7%

3%

18%

42%

5%

1%

18%

47%

Mathematical Sciences &
Information & Communication Technologies

8%

2%

21%

34%

6%

22%

0%

37%

Scientific field
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Table 1.8: Continues
All authors

Top 20% of authors

% of article
equivalents by
persons <30
years

% of article
equivalents by
persons 50+
years

% of article
equivalents by
persons <30
years

% of article
equivalents by
persons 50+
years

199092

200204

199092

200204

199092

200204

199092

200204

Physical Sciences

8%

5%

34%

49%

7%

2%

35%

54%

Multidisciplinary Sciences

8%

2%

25%

53%

6%

<1%

23%

61%

Engineering & Applied
Technologies

10%

5%

26%

39%

8%

3%

27%

42%

Basic Health

5%

4%

27%

42%

4%

2%

29%

48%

Clinical Health

2%

2%

31%

48%

2%

1%

32%

54%

Public / Community Health

6%

3%

32%

46%

6%

2%

31%

55%

Economic & Management
Sciences

6%

5%

21%

36%

3%

<1%

22%

44%

Education

2%

1%

19%

52%

1%

0%

12%

74%

Psychology

5%

3%

15%

32%

4%

0%

15%

33%

Sociology & Related
Studies

9%

4%

17%

38%

8%

2%

17%

43%

Other Social Sciences

7%

3%

19%

41%

6%

<1%

19%

45%

Language & Linguistics

4%

<1%

23%

51%

2%

0%

22%

55%

Law

7%

5%

17%

38%

6%

1%

17%

47%

Religion

1%

<1%

28%

64%

<1%

0%

27%

68%

Other Humanities & Arts

4%

2%

25%

52%

4%

<1%

24%

59%

Scientific field
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In summary, although significant progress
has been made in achieving greater female
and black participation in knowledge production, the country is still very far from
reaching parity. While these figures are in
themselves far from satisfactory, the promise of better mobilisation of talent probably presents the best opportunity for
gains in productivity of the S&T system in
the immediate future, and there is every
hope that this will succeed in the current
policy environment contingent on the
biggest challenge faced by the country–
the improvement of the functioning of its
school system.
1.7

Conclusion

T

his overview of the state of public
science in South Africa has highlighted a number of positive features

1

and trends. South Africa has a rich history
of well-functioning scientific institutions,
universities and public research institutions that had become seriously damaged
by the end of the apartheid era. Since then,
a remarkable and patently unfinished renaissance has seen a new, well-coordinated
national public R&D system emerge, with
increasing productivity and international
visibility in diverse fields, described in much
more detail in the succeeding chapters. This
analysis has identified many contributing
factors that have in combination helped to
bring this about, and it has become clear
that the full mobilisation of the talent pool
of the nation is both the biggest challenge
and the biggest opportunity in taking the
country’s science to new heights in the
service of national development and competitiveness.
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2.1 Introduction

T

he importance of mathematics in the
intellectual, philosophical and scientific development of human civilisation has been recognised, implicitly and
explicitly, for centuries. In medieval days,
mathematics was considered a core area
of study at universities in Britain and Europe and, when formal higher education
began in the Cape Colony of South Africa
in the mid-nineteenth century, the role of
mathematics was also appropriately recognised. From 1850, mathematics was one of
three subjects examined when employing
civil servants in the Cape Colony. In 1877,
the University of the Cape of Good Hope
began to offer a Master of Arts degree in
mathematics and arts and natural science.
From 1881, mathematics and physical science constituted one of four faculties at the
Stellenbosch College.
As universities and technikons1 increased in
number across South Africa during the 20th
century, mathematics as a core discipline,
as well as a service course in engineering
and commerce, played a central role in relevant undergraduate curricula throughout
the higher education sector. However, the
percentage of academics in mathematics departments holding Doctoral degrees
was relatively modest until the 1970s, and

only increased slowly during the following
twenty years. This was primarily due to a
shortage of Doctoral supervision capacity,
exacerbated by the practice of the traditionally research-oriented universities in
South Africa to encourage strong Honours2
graduates in mathematics to pursue graduate education in the United States or United
Kingdom. In addition to losing the vast majority of our mathematically well-trained
young Honours graduates, international
boycotts during the 1980s caused the isolation of researchers and the stagnation
of mathematical curricula. The apartheid
education system also essentially blocked
the mathematical sciences as an area of potential higher education strength for black
South Africans and, prior to 1990, there
were very few locally trained black South
African Doctoral graduates in the mathematical sciences.
In examining and analysing the current
status of research in mathematics in South
Africa, the focus will be strongly on the
post-19943 response as a system of higher
education to the challenges of creating
and building capacity in the various subdisciplines that constitute the mathematical sciences. Mathematical sciences can be
broadly conceived as incorporating pure

1 Technikons were higher education institutions in South Africa that focused on technological training.
2 Honours is a 1-year programme that follows a 3-year Bachelor’s degree.
3 1994 marks the year of South Africa’ s first democratic elections.
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mathematics, applied mathematics, mathematical statistics, and theoretical computer
science and mathematics education.
2.2 Research capacity
Qualified instruction and research professionals

R

esearch capacity can be defined as
the number of qualified teaching and
research mathematicians in the South
African higher education sector, as well as
qualified (usually with a PhD) research-active mathematicians working in industry,
commerce or science councils. This number
for the mathematical sciences represents
approximately 4 % of the academic population in the higher education sector and has
grown from 511 in 2002 to 618 in 2006, an
increase of approximately 17% in 5 years
(Table 2.1).
Table 2.1: Instruction and research professionals in mathematical sciences
Year
		

Mathematical
Sciences

Total in All
Fields

2002

511

13 794

2003

516

14 239

2004

491

14 200

2005

529

14 167

2006

618

14 968

Source: Higher Education Management Information System (HEMIS) database.

SCIENCES

Research pipeline
The research capacity pipeline consists of
students at the various academic levels in
a discipline. As indicated in Table 2.2, enrolments (represented as full-time equivalent
(FTE) students) in courses in the mathematical sciences at both undergraduate
and postgraduate levels have increased
from a total of 18 242 in 2002 to 21 147 in
2006, a similar percentage increase to that
of permanent academic staff in the mathematical sciences. The ratio between FTE
enrolments and student headcount is typically 0.75:1 in residential universities, so the
actual current student headcount enrolment for courses in the mathematical sciences is roughly 27 000.
Hence, the ratio of student headcount in
mathematical science courses, including
service courses, to permanent academic
staff is of the order of 44:1. This is extremely high in the context of a research-active
university environment, particularly one in
which the level of preparedness of entering
students is very variable and requires resource-intensive bridging programmes to
address learning deficits. It should be noted
that these numbers represent enrolments
in courses in mathematical sciences, which
includes all service and other non-major
mathematical science course enrolments,
as well as enrolments in courses leading to
mathematical science majors. In that sense,
the numbers in Table 2.2 do not accurately
represent the research pipeline. Nevertheless, they are useful and relevant in quan-
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Table 2.2: Total enrolments4 in mathematical sciences courses
Year

African

Coloured

Indian

White

Unknown

Total

2002

9 416

943

1 171

6 060

652

18 242

2003

11 160

1 048

1 938

6 341

42

20 529
21 913

2004

12 016

1 140

2 134

6 569

54

2005

11 809

1 153

2 103

6 422

44

21 531

2006

11 855

1 107

1 971

6 154

60

21 147

Source: Higher Education Management Information System (HEMIS).

tifying the academic teaching workload
carried by mathematicians in South African
universities.
African students are by now substantially
in the majority across the higher education
sector in South Africa in both the mathematical sciences enrolments and total student enrolments in all disciplinary categories. In the case of total student enrolments
across all disciplines, the ratio of African to
white enrolments has changed from 2.03 in
2002 to 2.24 in 2006; in the mathematical
sciences, the ratio of African to white enrolments has changed from 1.55 in 2002 to
1.93 in 2006.
The legacy of the apartheid education system, as well as socio-economic and educational-preparedness factors for students
in the different racial categories, manifests
itself in a degree success rate of 58% for
black African students compared with a
72% degree success rate for white students.
The overall percentage of degree success
rates in the mathematical sciences hovers
4

in the band 62% to 64%, with no significant
change in the past five years. Female students, although statistically under-represented, consistently outperform their male
counterparts in terms of throughput rates.
The ratio of male to female students in the
mathematical sciences has moved slightly
from 1.472 in 2002 to 1.443 in 2006, so the
gap is not narrowing in a significant way.
Two comments are relevant here. First, the
degree success rate in mathematics is the
lowest of all the disciplinary categories
across the entire higher education sector
and there is no sign of progressive improvement. On the other hand, enrolments in the
mathematical sciences have risen sharply
in the past five years so that, although the
percentage degree success rate remains essentially unchanged, the numbers of mathematically skilled graduates produced by
the South African higher education sector
has increased over the past five years by approximately 17%. Second, the success rate
for African students has risen slightly from
55% in 2002 to 58% in 2006, despite the

Enrolments are expressed as a function of race for mathematical sciences as the influence of apartheid is probably most strongly
expressed in this disciplinary field.
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almost surely, strong intervention in order
to supply sufficient numbers of qualified
mathematical science graduates that are
necessary to feed an emerging knowledge
economy.

fact that the percentage increase in African enrolments is disproportionately large
relative to the other groups. Nevertheless,
the low overall degree success rate of students in the mathematical sciences, both in
absolute and in comparative terms, represents serious wastage of human capital in
the South African higher education system.
It should be noted further that this low
success rate occurs among a group of students that already constitutes a very small
fraction of the school-leaving cohort in the
sense that they have passed mathematics
at the appropriate level to enrol for mathematical science courses at university. This is
an issue that demands urgent enquiry and,

The rise in undergraduate enrolments in
all mathematical science courses, including service courses, is not the result of an
overall growth in the number of students
majoring in the mathematical sciences. On
the contrary, Table 2.3 shows that the overall numbers, including undergraduate and
postgraduate, are at best stable with a worrying decline in Honours enrolments from
955 in 2003 to 805 in 2006.

Table 2.3: Headcount enrolments in mathematical sciences
Year

Undergraduate

Honours

Masters

Doctoral

2003

8 700

955

554

181

2004

9 310

864

491

202

2005

8 654

671

452

186

2006

8 775

805

618

246

Source: Higher Education Management Information System (HEMIS).

Higher degree students
The total number of Masters and Doctoral
enrolments in the mathematical sciences
across the country has grown from 735 in
2003 to 864 in 2006, which bodes well for
the research pipeline. However, a breakdown between Masters by coursework
(including a research report) and Masters
by research (dissertation only) shows that
60% of Masters enrolments are Masters by
research, which is low in comparison with
comparative science disciplines, such as
physics, where the research Masters comprises over 85% of Masters degrees.

During this period, postgraduate student
research projects were predominantly in
applied mathematics, which accounted for
62 of the 223 project entries on the database developed by the Centre for Science
Development, Human Sciences Research
Council. This was followed by the subdisciplines of algebra and number theory,
and general mathematics, with 22 entries
each. A February 2009 report to the John Templeton Foundation from the Developing
Countries’ Strategies Group, International
Mathematical Union (IMU), entitled Mathematics in Africa: Challenges and Opportuni-
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ties, states that (in South Africa): “most postgraduates and staff are foreign-born”. The
report continues: “South Africa has become
a destination of choice for thousands of
students from sub-Saharan Africa wishing
to pursue postgraduate studies. The country’s institutions make available modern
research tools and facilities to other African
countries, helping to boost mathematical
development. South Africa, in turn, benefits

2

SCIENCES

by gaining excellent foreign talent, who
now dominate the faculties of some universities.” It is not possible, nor desirable,
to obtain data on the nationality of mathematics staff in universities across South
Africa, but in the case of postgraduate enrolments, the assertions made in the IMU
report regarding the nationality of Masters
and Doctoral students are demonstrably
not correct, as shown in Table 2.4.

Table 2.4: Nationality of higher degree students in mathematical sciences in 2006
Nationality

South African

SADC*

Other African

Other Foreign

Masters

497

61

38

11

Doctoral

168

28

29

17

*SADC – Southern African Development Community comprising 15 member states from southern Africa.

Far from the claim that a majority of higher
degree students in the mathematical sciences are foreign born, enrolments show that
80% of Masters ‘head count’ enrolments and
68% of Doctoral enrolments are South African students. The number of international
students is healthy and desirable as this enhances the international nature of research
and creates future networks and linkages
that are beneficial in a broad context. Nevertheless, the IMU report does make a correct and relevant point that does not bode
well for achievement within the mathematical sciences sector, namely the ambitious
objectives outlined in the Department of
Science and Technology (DST)’s Human
Capital Development Plan 2008-2028, one
of which is to achieve a five-fold increase in
the number of PhD graduates by 2024. Another important objective in the DST plan
is to improve the participation and graduation rates of black South African students.

As indicated in the IMU report, there are
many lucrative employment opportunities
for students holding a vocationally-orientated Masters degree by coursework in one
of the mathematical sciences and this constitutes a significant challenge to the impetus to increase Doctoral enrolments in the
mathematical sciences.
It is evident from Tables 2.1 and 2.3 that the
ratio of available qualified research-active
academic mathematicians to higher degree
students is relatively high and indicates that
there is significant research capacity within
the higher education sector that is currently
not being utilised. However, this is offset by
the high student/staff ratio at undergraduate level (including service courses) which
militates against a productive research environment. It would be problematic to simply increase the numbers of higher degree
students in the mathematical sciences, if
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degrees awarded in the mathematical sciences varies from 19.4% in 2003 to 16.4% in
2006. This percentage is consistently lower
than that for a comparative discipline, physics, where the percentage of Doctoral graduates among all senior degree graduates
was 22.7% in 2006. In addition, the increase
in numbers during the past few years of
higher degree graduates across the whole
science sector, including the mathematical
sciences, can be attributed, at least in part,
to a focused effort by the research-intensive
and research-niche universities to reduce
the average time taken by a student to
complete a Masters or a Doctoral degree.

that were possible, without also increasing
academic staff numbers.
The total number of annual Masters and
Doctoral graduates in the mathematical sciences across the country has grown from
113 in 2003 to 170 in 2006 (Table 2.5). The
largest increase is in the Masters by research category which is a positive development. The number of PhD graduations in
the mathematical sciences increased from
22 in 2003 to 28 in 2006, a rather modest
rise off a low base. It should be noted from
Table 2.5 that Doctorates awarded between
2003 and 2006 as a percentage of all senior

Table 2.5: Masters and Doctoral graduates in mathematical sciences
Year

Masters Coursework

Masters Research

Doctoral

TOTAL

2003

47

44

22

2004

49

69

26

145

2005

45

70

28

143

2006

58

83

28

170

It is of interest to note that the database
of MathSciNet, the electronic publication
of the American Mathematical Society, indicates that the number of PhD holders
in mathematical sciences in South Africa,
as of 2007, was 502. This number may not
include all ‘applied’ mathematical scientists
but provides an indication of South Africa’s
current research capacity.
2.3 Research quality and impact

A

number of indicators are commonly
used in the research evaluation environment to assess the scholarly

113

status and impact achieved by researchers.
Examples include prestigious and honorary awards, membership of national and
international panels of experts, committee membership of international professional associations, membership of editorial boards of high- impact journals, and
publication outputs in journals, to name
a few. Here, peer-reviewed journal outputs
are used as a proxy for research productivity. Field-normalised citation rates will be
used to give an indication of the quality of
research output. In addition, the number of
National Research Foundation (NRF)-rated
scientists and the number of NRF grantholders will provide a good indication of
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the ascribed status of researchers and the
international competitiveness of their research.
NRF-rated and NRF grant-holder numbers
In 2006, there were 150 NRF-rated researchers in pure and applied mathematics, statistics and mathematics education, almost
all of whom hold an academic position at
a university. This number has shown modest but steady growth since the inception
of the rating system. Of the 150 NRF-rated
researchers in 2006, the number of A and B
ratings, indicative of researchers with international recognition, was only 48. It is anticipated that this number will increase as
newly rated younger mathematicians become more established in the international
research community. A key driver of this anticipated trend is the number, the strength
and the quality of international research
networks and linkages that are established.
In this respect, recently established bi-lateral agreements which provide funding for
research cooperation between South Africa
(through the NRF) and several other countries including Japan, Norway, Brazil, India
and the European Union countries are an
extremely positive and constructive development. Joint research and collaborative
projects with regional, national and African
partners should also be recognised as a
high priority within the New Partnership for
Africa’s Development (NEPAD) initiative.
The breakdown of NRF-rated mathematical scientists within the different sub-disciplines is, by nature, inexact but there are
approximately 105 in pure and applied
mathematics, 35 in statistics and ten in
mathematics education.

2
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The number of NRF grant holders is linked
with, but not identical to, the number of
NRF-rated scientists, the former being significantly larger. In the mathematical sciences, the number of NRF grant holders has
grown by nearly 21.9 per cent between 2005
and 2008, an extremely positive trend, and
mathematical scientists now account for
27.4 per cent of all NRF grant holders. In addition, the total amount of funding awarded
to researchers in mathematical sciences has
grown by 28.5 per cent between 2005 and
2008 with an average grant currently being
of the order of R62 000 per annum.
Women are relatively well represented in
the mathematical sciences, with 29% of
NRF-rated mathematical scientists being
female. Black researchers in mathematical
sciences remain a minority and constituted
only 18% in 2006. NRF programmes such as
Thuthuka have had some success in growing participation among under-represented groups.
General novice researcher capacity development (researchers in training, scholarships and fellowships, and the Technology
and Human Resources for Industry Programme (THRIP) represents a significant
component of the funding portfolio of
mathematical sciences.
Research productivity: articles in peer-reviewed journals
Productivity in terms of peer-reviewed research article output per annum in the
mathematical sciences has almost doubled
over the past 17 years from 120 articles to
216 articles in ISI-accredited journals. Applied mathematics and pure mathematics
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have shown sustained increases over the
period, while mathematical statistics has
remained more or less stable. The international journals of greatest choice among
South African authors include the Journal
of Mathematical Analysis and Applications,
Ars Combinatoria and Applied Mathematics
and Computation.

ties of a real commitment to elevating the
status of the research field as evidenced by,
for instance, the increase in the number of
researchers obtaining NRF ratings. The challenge would be to reinforce these trends
and to increase the number of ratings of
black and female mathematicians who remain significantly under-represented.

Not only is the journal article output of
the mathematical sciences pool on a significant upward curve, but the annual mean
rate of articles per author (1.29) over the period between 2002 and 2006 is more than
respectable by comparison with the highest international benchmarks. Of course,
this annual mean rate of articles per author
only applies to the research-active cohort of
mathematical scientists and there remain a
large number of qualified, or partially qualified, mathematical science professionals
who produce no visible research output at
all. It is interesting to note that mathematical science researchers have a relatively
limited propensity for collaboration on
jointly-authored papers. A recent Centre
for Research on Science and Technology
(CREST) study showed that almost 70%
of ISI-indexed articles by researchers in
the mathematical sciences were written by
one or two authors, which contrasts with
the more than 40% of the articles in physics that were produced by four or more
authors. Almost a quarter of the foreign
authors of co-authored articles were from
the United States.

A worrying statistic is that which shows that
researchers in mathematical sciences aged
between 40 and 49 produced an average
of almost 40% of the peer-reviewed journal article output between 2003 and 2006.
Researchers less than 40 years old were
responsible for only about 10% of journal
outputs. Another cause for concern is that
over 80% of the article output is produced
by white mathematical scientists, with black
researchers producing approximately 10%.
Female authors account for about 15% of
article equivalents. Five universities (Pretoria, KwaZulu-Natal, Witwatersrand, Cape
Town and Stellenbosch) account for over
75% of all research journal article output in
the mathematical sciences.

Active researchers in mathematical sciences are performing very well relative to their
counterparts in all comparator disciplinary
fields. There are also signs within universi-

Impact and quality of research
Reinforcing the preceding favourable finding about the high mean productivity of
individual researchers in the mathematical
sciences is the important finding about
the high impact rate of journal articles.
The citation impact rates of mathematical
sciences have been rising since 2000 and
are currently significantly higher than the
world average.
Citation impact analysis is based on the
number of references to a published paper
in ISI-indexed journals. The citation indi-
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cator introduced and used by the Centre
for Science and Technology Studies at the
University of Leiden in the Netherlands is
the field-normalised citation impact which
gives the ratio: CPP/FCS where CPP is the
mean number of citations per publication
in a field and FCS is the field-based worldwide mean impact. An analysis shows that
the impact of papers in mathematical sciences has increased sharply, from below
the international impact standard, which is
equal to 1, to significantly above that standard between 2002 and 2006; in 2002, the
ratio stood at 0.6 and by 2006, it had risen
to over 1.2. Indeed, Pouris (2008) found the
impact of mathematical sciences to be the
highest of 20 natural science disciplines in
South Africa in 2006.
The Leiden study also shows that the citation impact of internationally co-published
papers in mathematical sciences is systematically higher than either intra-institutional or nationally co-published papers,
and the impact of internationally co-authored papers in mathematical sciences
has increased from below the international
standard to significantly above that standard since 2000. What emerges from this
analysis is that, in terms of this measure of
research impact, the quality of research activity in the mathematical sciences in South
Africa is high in comparison to field-normalised citation impact rates worldwide.
2.4 Sub-disciplines
Pure mathematics
The research-intensive universities, as well
as some of the less research-focused uni-

2
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versities, in South Africa offer Honours and
Masters by coursework degrees in pure
mathematics and achieve a standard that
compares very favourably with the top
echelon of international universities. Mathematics graduates are well equipped to
compete for places at top graduate schools
around the world, or to pursue PhD studies locally, having appropriate levels of
rigorous knowledge of the subject. There
is clearly spare PhD supervision capacity
within the system and it is an ongoing challenge to persuade suitably qualified black
South African students to continue with
Doctoral studies after they complete Masters degrees that ensure lucrative salaries
in the employment sector. A significant but
minority percentage of Masters and Doctoral students currently studying at South
African universities are black African students from SADC and further afield.
Mathematical areas in which major advances have been made in South Africa include
pockets or groups of activity in topology,
graph theory, functional analysis, discrete
mathematics, combinatorics, category theory, universal algebras, special functions,
group theory, number theory, algebraic
and differential geometry, real and complex analysis.
Applied mathematics
There are significant strengths in traditional
classical areas that are currently enjoying a
great resurgence of interest as new computational technologies facilitate breakthroughs previously hampered by size and
scale, for example, astrophysics, cosmology
and relativity. Strong teams of applied mathematicians are working in computational
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mechanics; theoretical physics; and the applications, both theoretical and numerical,
of solutions of differential equations in several fields. Lie group symmetries, numerical
approximation including quadrature, numerical and computational analysis along
with cosmology, relativity, soliton theory,
are areas of research where South Africa
has a significant international presence.
The level of interaction with industry is relatively weak although there have been some
very good recent initiatives in this direction
with a workshop involving applied mathematicians and interested industrial partners
having taken place on an annual basis since
2003. Research in financial mathematics
is growing slowly and has yet to achieve a
critical mass of active, internationally recognised researchers. At this point, demand
from students and employers for financial
mathematical expertise focuses on coursework knowledge at the Honours or Masters
level rather than on a research-orientated
degree.
Statistics
South African research in probability and
statistics enjoys a good profile in several
areas of applied statistics and stochastic
analysis, particularly Bayesian statistics
applied to medicine and other areas, stochastic analysis applied to the financial industry and statistical modelling applied to
mining, medicine, and finance. Other areas
of strength include multivariate statistical
processes, neural networks, optimal designs
and applications, nonparametric analysis,
econometrics, biostatistics, linear models,
and statistical learning theory. However,
the older members of the current cohort of
research statisticians are not being replaced

SCIENCES

at a sustainable rate due to the increasing
demand from the private and public sector
for qualified statisticians. The majority of
those who have reached the status of international leaders in pure or applied statistics
are found in the research universities, and
most of them are due to retire soon.
Internationally, the discipline of statistics,
despite its ever-increasing use in every aspect of modern life where data are analysed
and used as a guide or even as a basis for
decision-making, is in crisis. Departments
of statistics are being absorbed into other
units as the critical mass of academics collapses. Equally, in South Africa, there is
acute shortage of qualified statisticians
with no senior established academic in
some of the statistics departments at universities in South Africa. There is danger of
the imminent collapse of research activity
in statistics when the present cohort of senior researchers retires.
Research in statistics, as in other areas of
mathematics, tends to be built around core
groups of people, as distinct from facilities
or laboratories. Nevertheless, modern statistics research requires significant computational capacity and that is lacking in many
of our universities.
Mathematics education
Research in mathematics education in
South Africa is strong in relation to the
number of NRF-rated researchers. There is
one area of particular strength, namely, research into language issues in mathematics
teaching and learning. Our eleven official
languages make the South African classroom a wonderfully rich experimental and
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experiential locus for researching the role
played by multiple languages in the teaching of mathematics to primary and secondary schoolchildren. There is also research
activity in the developing area of undergraduate mathematics education, incorporating language and technology issues.
A promising new development is the introduction of South African mathematics education chairs, a jointly funded initiative of
the Department of Science and Technology
and FirstRand Bank.
2.5 Summary

I

n general, there is a substantive body of
good research by international standards
in all the mathematical sciences (pure
mathematics, applied mathematics, statistics, and mathematics education) in South
Africa. This research is done predominantly,
although not exclusively, by NRF-rated
and/or NRF-funded researchers and their
research teams, including postgraduate
students.
There are three positive trends that are
worthy of highlighting. First, the positive
growth in research outputs in terms of journal publications; second, the relatively high
mean number of articles per mathematical
author; and, third, the indisputably high
impact rates achieved by journal contributions in mathematical sciences by researchers living and working in South Africa.
Challenges
The ultimate health and strength of the
mathematical sciences depends upon

2
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strengthening the foundation of mathematics in schools, identifying and nurturing the best students at the secondary
level, and encouraging such students into
programmes in the mathematical sciences.
As noted in the 2009 IMU report referred to
earlier, South Africa has some excellent secondary schools but the situation is dismal in
rural areas. The vast majority of mathematics teachers do not have Bachelor’s degrees,
nor is it a requirement that they should. It
is imperative that interventions like inservice teacher training be augmented by
other schemes such as introducing teacher
internships at universities around the country. In such a scheme, a mathematics teacher would retain his/her permanent teaching position at a school and would spend
a period of time, six or twelve months, in
a mathematics department at a university,
learning appropriate level university mathematics coursework and, where possible,
contributing to work in the department by
teaching or tutoring first year students.
Second, any expectations about the future
of research in South Africa in the mathematical sciences must factor in the human
resource pipeline and its productivity. Three
comments are pertinent. First, the sector
must ask the question about the proportion of academic mathematical scientists
who hold a PhD and are actively involved
in research and the publication of original
work. Second, attention should be drawn
to the lack of any significant growth in the
number of students majoring in mathematics and the very modest growth, off a low
base, of higher degree students in the
mathematical sciences. Third, the racial and
gender demography of research mathema79

TWAS book_Chap1-6.indd 79

2009/10/05 01:07:58 PM

2

the state of science in south a f r i c a

MATHEMATICAL

ticians is not in any way reflective of undergraduate enrolments, and the throughput
rate of black South African students to
postgraduate study needs attention. The
research pool has grown in absolute numbers but the almost non-existent growth
in the number of students completing a
Doctorate is likely to affect succession over
the medium to longer term. This is the most
evident cause for concern.
Aligned closely with the previous point, is
the worrying fact that researchers in the
mathematical sciences of 40 years of age
and older accounted for more than 60% of
the total peer-reviewed journal article output between 2003 and 2006. These findings
would suggest that the productive section
of the research community is approaching
the latter part of its professional life, and
attention should be given to strategies for
effectively involving more members of the
younger generation, women and black
scholars in the research and publication
process.
Finally, the staff-student ratio of approximately 40:1 is unacceptably high if South
Africa seeks to achieve the objectives of the
DST’s Human Capital Development Plan.
Undergraduate contact teaching hours of
mathematicians, applied mathematicians
and statisticians in the universities across
South Africa are the highest among all the
science disciplines. This is difficult to justify when one considers the importance of
mathematics as a core discipline and the
relatively low running or operational cost of
mathematical research.
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2.7 Concluding remarks

D

uring the past five years, the African
Institute of Mathematical Sciences
(AIMS) project of connecting the
scientific community in South Africa to the
global scientific community by bringing in
distinguished lecturers to give courses to
postgraduate students who come from all
countries in Africa is an innovative and notable experiment. The students spend nine
months at AIMS in Muizenberg studying for
a postgraduate diploma and many of them
continue with Masters or Doctoral degrees
at South African universities upon completion of their diploma. This has benefited applied mathematics graduate programmes
around the country in terms of recruitment
of students outside South Africa. As a PanAfrican endeavour, it is to be applauded.
However, there are, to date, virtually no
South African graduates associated with
the programme. In that sense, as an initiative to advance South African mathematical sciences, it has not been so successful.
This is an aspect of the programme that
should receive urgent attention, namely
the alignment of the programme with the
southern, rather than the northern, hemisphere academic timetable. Participation of
South African postgraduate students in this
wonderful formative experience should be
made a top priority for the Department of
Science and Technology and the Department of Higher Education and Training,
both of which are providing significant
funding to AIMS.
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The apartheid-era intellectual isolation of
South Africa gave rise, in a natural way, to
the creation of ‘in-house’ journals in order
for researchers to have an outlet for their
publishable work. This legacy of apartheid
is still with us and a significant proportion
of South African-authored research publications in the mathematical sciences is
published in local rather than international
journals. Some of these articles are narrow
in terms of their impact, have very limited
readership, and are often self-referential
and out of date in terms of contemporary international interest and activity in
mathematics. A number of areas that were
prominent 30 to 40 years ago but no longer
attract much international attention are
among those that are active in South Africa
and the advances made in these areas can
best be described as incremental. In particular, it is notable how little attention is given

2
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at South African conferences or workshops
in the mathematical sciences to topics that
feature in the plenary or invited sections
of the International Congress of Mathematicians held every four years. One could
question how many seminars are held in
the mathematics departments of universities in South Africa to discuss the Poincare
Conjecture and the geometrisation theorems of Perelman or Fermat’s Last Theorem
and the work on modular forms of Andrew
Wiles or, indeed, the work of any Field’s
Medal winners in recent years. A regular
visiting mathematician programme, which
is relatively easy and inexpensive, would go
a long way towards ensuring that we maintain the strengths of our current position
and that we enhance our presence in the
international community of mathematical
scientists.
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3.1 Developments up to 1990

P

hysics in South Africa dates back to the
astronomical observations of Sir John
Herschel at the Royal Observatory in
Cape Town in the 1830s, the introduction
of geomagnetic and surveying work, and
the establishment of several universities
and university colleges in the second half of
the 19th century. The establishment of the
mining industry early in the 20th century
and the subsequent industrialisation in the
years before World War II significantly boosted the discipline, with physics research at
several universities becoming a fully established activity. On the international scene,
South Africa became a founding member
of the International Union of Pure and
Applied Physics (IUPAP) in 1923.
It was not until the founding of the Council
for Scientific and Industrial Research (CSIR)
in 1945, however, under the patronage
of then Prime Minister Jan Smuts, that
physics emerged as a nationwide and unified discipline. Smuts had been a member
of Churchill’s war cabinet, and through
his active involvement in the subsequent
restructuring of the world order, recognised the need for South Africa to have
a strong science establishment for its
development. The CSIR’s National Physical
Research Laboratory (NPRL) immediately
created a new market for physicists, as

did similar laboratories for chemistry and
mathematics. In response to new research
funding from the CSIR, the universities also
began to strengthen their postgraduate research and training programmes.
These early developments are covered in
three chapters of AC Brown’s (1977) book
on A History of Scientific Endeavour in South
Africa.
In 1961, South Africa became a republic
and was expelled from the British Commonwealth for its policy of apartheid. As a
result, South African physics took a different
route from that in other Commonwealth
states. The political and economic isolation
led to a centralist approach from government to use science and technology (S&T)
to overcome the concerted international
anti-apartheid campaign, and to meet the
perceived strategic needs of the country.
This development had already started with
the founding of the Atomic Energy Board
(AEB) in the 1950s, with the vision to utilise
and enrich South Africa’s uranium to
make the country self-sufficient in nuclear
energy. During this time, there was also
an emphasis on nuclear weapons and in
1993 the government revealed that it had
developed six nuclear weapons devices.
Similarly, over the same period, the division
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of defence research at the CSIR developed
into a sophisticated armaments industry,
with the establishment of Armscor and
its subsidiaries, to overcome the everstrengthening arms boycott.
Physics co-incidentally prospered under
these developments because most of the
technologies are, naturally, physics-based. A
by-product was generous funding for large
physics laboratories such as the Southern Universities’ Nuclear Institute (later the
National Accelerator Centre, and currently
the iThemba Laboratory for AcceleratorBased Sciences, or LABS). There were also
extensive non-military projects at the AEB
(later the Atomic Energy Corporation, AEC,
and currently the Nuclear Energy Corporation of South Africa, Necsa).
Two older laboratories were those of Mintek for minerals research and beneficiation,
and the Hermanus Magnetic Observatory
(HMO) for geomagnetic information needed for navigation and exploration. Experimental nuclear physics and materials
science research at universities directly
benefited from the developments at these
laboratories, performing high-quality and
innovative work, especially at the level of
technological physics. While it is ironic that
physics in South Africa should have been
strengthened by the country’s isolation,
there was also a down side, as much of
this work was ‘classified’ (secret), and many
scientists who wished to develop their
careers submitted ‘classified’ MSc dissertations and PhD theses at the universities
concerned. Many of them were never published again.

ASTRONOMY

In 1983, the agency function by which the
CSIR funded university research was transferred to the newly-established Foundation
for Research Development (FRD). The FRD
became independent from the CSIR in 1990,
and in 1999 it became the National Research
Foundation (NRF), which also had responsibility for the social sciences and humanities.
Initially, the FRD vision was generally one
of open or ‘blue skies’ research, which was
meant to support and retain high-quality
scholars. Physics research naturally falls into
this category, and hence physics again benefited. The FRD established an evaluation or
rating system by means of which scientists
could be benchmarked on the basis of their
standing in the opinion of international
peers (see Chapter 1).
This new development came at the right
moment for physics because centrally-driven physics research at large laboratories,
such as the CSIR and the AEC, imploded at
the time. Within the CSIR, a major restructuring exercise in the mid-1980s changed
the driving force to one that was largely
commercial and financial. Under its new
mission, the CSIR favoured technology, engineering and applied science above basic
science. At the AEC, the change was mainly
due to changing strategic/political considerations leading up to the democratic
dispensation of the country in 1994. These
changes had a ripple effect on many other
laboratories and universities. Large numbers of nuclear physicists, many of them
only in mid-career, became effectively redundant. In this climate the new FRD/NRF
evaluation system played a significant role
to ensure that the broad academic sector of
physics did not suffer the same fate, and it
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provided an opportunity for the subject to
readjust itself within rapidly changing national priorities.
3.2 The role of the South African institute of Physics (SAIP)

A

natural consequence of the postWorld War II flourishing of scientific
activity was the establishment of
professional scientific societies. The first attempt to establish such a society for physics
happened in 1948, but did not succeed. A
second attempt, launched in 1953 by C B van
Wyk, eventually led to the establishment of
the South African Institute of Physics (SAIP)
on 7 July 1955, at the University of Pretoria,
with S Meiring Naudé as its first president
(see http://www/saip/org/za). The attendance register was signed by 102 practising
physicists. The institute organised itself into
a number of specialist groups that represented the main themes of physics practised in the country. Solid state physics and
nuclear physics were natural strongholds.
The institute rapidly grew to a membership
of between 300 and 400, and its core activity was the annual three-day conference in
July to provide a forum for progress reports
in the various disciplines.

Growth was so healthy that a South African Journal of Physics (SAJP) was launched
in 1978, as well as a quarterly newsletter
called Meson. The SAJP was subsidise by
the newly established Bureau for Scientific
Publications. The SAIP also played a facilitating role in respect of other developments in
physics. For instance, when a decision about
the site for the National Accelerator Centre

was needed, the decision was reached under the leadership of the SAIP council. Section 3.8 describes how the National Laser
Centre (NLC) was also established under
the auspices of the SAIP.
The promotion of education has always
been a central concern of the SAIP. Alongside the education specialist group, where
the emphasis is on research and teaching
practice, the council has always had its own
education portfolio to ensure that national
and provincial strategies are implemented.
A special feature has also been the annual
heads-of-department meeting during the
annual conference. While this forum has
never had any decision-making powers, it
has fostered sufficient debate and activity
to ensure that all physics degrees awarded
in the country have always been recognised
by all institutions.
Even during the apartheid era, SAIP membership was open to all, and its constitution
never differentiated on the basis of race
or gender. It is also true, however, that the
SAIP could have been more pro-active to
promote change and to extend its membership. In an exchange of letters between
institute presidents in 1987, the American
Physical Society expressed concern about
the effects of apartheid on South African
physics, and proposed joint actions “to
improve access to physics for all talented
persons in South Africa”. The SAIP president
at the time responded immediately and
positively, closing his letter in the hope that
“this could very well be the beginning of a
useful and effective collaboration”. The actual benefits of this positive exchange are
hard to identify, however. Towards the end
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of the apartheid era, a combination of the
brain drain, the change in focus at the CSIR
and the AEC, and much-reduced funding
for research, in spite of the new FRD/NRF
initiative, led to a decline in SAIP membership and in the number of students who
studied the subject. A symptom of this
decline was that the SAJP became unsustainable and the last issue was published in
December 1993.
3.3 Physics and the SAIP in the
post-apartheid era

T

he African National Congress (ANC)1
was highly pro-active with respect to
its S&T policies. Even before taking
office, it commissioned a study on the state
of the S&T system in 1993, and as the new
government it produced a White Paper on
S&T in 1996. The establishment of the Department of Arts, Culture, Science and Technology (DACST) in 1994 was a completely
fresh start. Its separation into two separate
departments in 2002, and the establishment of a dedicated Department of Science and Technology (DST) demonstrated
the strategic importance accorded to S&T
by the government. The National Research
and Technology Audit of 1998 provided a
comprehensive overview of the S&T system. Based on these studies, the DACST and
DST initiated many new strategies.
The physics community, however, took time
to react. There were several challenges at
the time: student numbers were static;

1
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the new strategies had not yet had a measurable impact; SAIP membership hovered
below 400; and the annual conference
attendance had declined to about 300.
The SAIP realised that it should entirely
reposition itself in the post-apartheid era,
and the council launched a project called
‘Shaping the Future of Physics in South
Africa’ in co-operation with the DST and
NRF. An investigation was carried out by an
eight-person panel, including five influential international scientists, and their report
was published in April 2004.
The report’s 15 recommendations caused
a dramatic ‘turn-around’. First, they emphasised the value of large and established
physics laboratories and activities such as
iThemba LABS and Necsa in the nuclear sciences, the NLC at the CSIR, the South African Astronomical Observatory (SAAO), the
Hartebeesthoek Radio Observatory (HartRAO), and the HMO. Further, it highlighted
several flagship projects in physics and astronomy that already existed or were under development. Examples are the Southern African Large Telescope (SALT), the
MeerKAT radio telescope as a pathfinder
for the planned huge international project,
the Square Kilometer Array (SKA), the
Pebble Bed Modular Reactor (PBMR) to
generate nuclear energy, and the National
Institute for Theoretical Physics (NITheP).
The report further emphasised that the
physics community should focus on such
facilities and opportunities without sacrificing the smaller-scale research activities practised in university departments,

Known by its initials, ANC, this is the governing party of South Africa. It was formed in 1912 and is the oldest political organisation in
the country.
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which were regarded as the sustainable
cornerstone of basic physics research. The
report expressed concern about the grave
situation in physics education, and recommended several interventions that could be
made in part by the SAIP. Finally, it pointed
out that a voluntary organisation such as
the SAIP, with only honorary officers, could
not hope to make an impact without a fulltime office.
Other opportunities quickly arose from
various strategic interventions by the DST.
These included a Nanotechnology Strategy,
an Astronomical Geographical Advantages
Act, a South African Space Agency Act, a
Photonics Initiative of South Africa (PISA),
and the establishment of a number of centres of excellence and research chairs at
universities.
The DST and NRF have also developed a
focus to dramatically increase the number
of high-quality PhDs in S&T in the medium
term to keep South Africa on track in its development curve. Increases of up to a factor
of five have been mentioned. To redress the
demographic imbalance, the government
naturally wants these numbers to come
largely from the black community, but
there is a problem of supply.
There are approximately 8 000 students
each year who complete their secondary
school education in science and mathematics at a sufficiently high level to gain direct
entrance into science and engineering faculties at universities. Of these, fewer than

3 000 are black. About 75% of them enter
the professional fields of medicine, health
sciences and engineering, leaving only
some 800 to be distributed among about
20 science faculties, i.e. 40 per institution.
This implies that each of the four basic
science disciplines of biology, chemistry,
mathematics and physics at each university
has a maximum annual pool of about ten
black entrants at first-year university level.
This hard reality underscores the key challenge facing South Africa, that of people
development through effective primary and
secondary school education.
The physics community reacted to the
‘Shaping the Future of Physics in South Africa’ report by using it as an authoritative
source to conduct its planning and to motivate funding applications. The SAIP itself
took up the challenge to establish with
effect from January 2008 a full-time office,
funded to a large extent by government.
Brian Masara was appointed as the first
Executive Officer, and is supported by
a core administrative and marketing/outreach staff.
With this office the new SAIP now conducts
and coordinates a number of well-structured programmes that include:
l

A membership drive through which the
number of members has now increased
to 547, a healthy 36% of them being
postgraduate students. Conference attendance rose from 314 in 2002 to 540,
437 and 496 during the last three years.
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Women in Physics in South Africa (WiPiSA) initiative, started in 2005, which has
made such an impact that it submitted
a successful bid to host the 4th IUPAP
International Conference on Women in
Physics in Stellenbosch in April 2011.
BSc curriculum initiative which investigates what physics should be taught
(and how) at this crucial phase. This is
in response to the DST/NRF drive to increase the number of high-quality PhDs,
and in view of the reality that secondary education in the physical sciences
and mathematics is not demonstrably
improving.
A South African physics graduate database which aims to develop a physics
graduate support system, given the very
small pool of students that meet the
entrance requirements in the physical/
mathematical sciences.
A Biophysics Initiative to build and
strengthen this new interdisciplinary
research field as a cornerstone for 21st
century physics in South Africa.
Physics for Development, which strives
to implement the recommendations of
the 2005 World Conference on Physics for Development. For example, a
workshop on entrepreneurship for
scientists and engineers from developing countries in Africa is being hosted in
November 2009.
A Pan-African Physics Forum to strengthen African networks; a meeting for
heads of physical societies is planned for
November 2009.
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Physics Comment, an electronic magazine to communicate with the physics
community and the relevant stakeholders and decision-makers.
The establishment of the OR Tambo
Memorial Awards and Lecture Series to
commemorate and honour OR Tambo’s
contributions as a physics teacher in
South Africa and, while in exile, also in
the United Kingdom (UK).
A project called Physics 500 to promote
physics in industry by publishing the
careers of up to 500 industrial physicists
as role models.
A Further Education and Training (FET)2
education project to expose university
lecturers to the outcomes-based FET
curriculum so that they can effectively
incorporate this into their teacher-training courses.
A revision of the 55-year old SAIP constitution, completed in 2009, to comply
with modern practices.
A History of Physics in South Africa, to be
published in 2010, which will concentrate on the most recent 50 years, over
the lifespan of the SAIP.

The immediate success of the office is due
to the fact that it implements DST strategies
and NRF programmes at the ground level.
It works directly in, and with, the physics
community, which the policy-making and
funding agencies cannot do as easily.
The remainder of this chapter will discuss
how these new opportunities for physics in

Formal education in South Africa is categorised according to three levels – General Education and Training (GET) comprising grades
1 to 9, Further Education and Training (FET) comprising grades 10 to 12 and Higher Education (HE).
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South Africa are being exploited within the
individual disciplines, grouped according
to the current SAIP specialist groups. They
are presented in alphabetical order.
3.4 Applied physics

A

pplied physics is probably the largest
sector of the physics profession. It is
estimated that fewer than half of all
South African physicists are members of the
SAIP, and that the majority of non-members
are employed in industry, or use their physics expertise as S&T innovators outside the
academic sphere. In view of this, there has
been some debate in recent years as to the
exact remit of the applied physics specialist group (APSG) within the SAIP. For a while
the name ‘applied and industrial physics’
was used, but it was felt that this was too
broad, and that this sub-group should be
concerned primarily with work at research
institutions in which applications of the
physical principles were under development.
Applied physics naturally intersects with
the interests of other specialist areas, such
as nuclear physics or solid-state physics. Virtually all universities are involved in some
aspect of applied physics, often in collaboration with industrial partners. Materials
science is a good example of an area which
includes much applied physics. Research
from a conglomeration of institutes which
form the DST/NRF Centre of Excellence in
Strong Materials centred at the University of

Witwatersrand (Wits) is much in evidence.
Diamond physics has been a South African
speciality for many years and continues to
be important, with applications including
both its strength and its novel electronic
properties.
Several South African universities are working on renewable energy systems, notably
the use of solar power via photovoltaic panels or direct heating, and many evaluative
studies have been reported on materials
and the characterisation of devices. Much
attention has been given to the work on
thin, light and cheap panels done at the
University of Johannesburg (UJ) over the
last decade, which has led to a significant
production contract in Germany. Luminescent and other photonic materials are also
researched, and a separate biennial conference is held locally in this area.
Another area of national importance which
is very visible, both within the APSG and at
other local conferences, as well as in postgraduate courses, is that of the safe handling of ionising radiation and its practical
applications, either for research or for more
direct benefit. The Mafikeng Campus of
North-West University (NWU), for instance,
has a postgraduate course in Applied Radiation Science and Technology. In this area,
the APSG has recently nominated a representative to the SAIP sub-committee which
liaises with the Nuclear Industry Association of South Africa.
Biophysics is small and underdeveloped in
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South Africa, and the initiative mentioned
above is an attempt to develop it as another cross-cutting aspect of applied physics,
mainly in collaboration with the strong laser community (discussed in section 3.8).
In the past year, some members of the
APSG have been involved in the establishment of the Physics 500 Project of the SAIP,
the aim of which is to find and describe
working physicists outside academia. This
stems from the recommendation of the
‘Shaping the Future of Physics’ in South
Africa project, to help students find role
models and opportunities in industry, and
to help industry inspire students to pursue
careers in physics. In this way the creation
of research collaborations between industry and academia is a continuing initiative
for the benefit of the country.
3.5 Astrophysics and space science
Astrophysics and space science (ASS) in
South Africa encompass the fields of optical
and infrared astronomy, radio astronomy,
gamma-ray astronomy and space physics.
South African scientists produce internationally recognised research output in ASS,
and South Africa is a major role player
because of its geographic advantage and
scientific productivity.
The building of a 10-m class optical telescope called SALT, the largest in the southern hemisphere, participation in the world’s
foremost ground-based gamma-ray telescope, the High Energy Stereoscopic System (H.E.S.S.), and the building of the pathfinder MeerKAT for the envisaged SKA, are
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a few major astrophysical projects in which
South Africa is involved.
Astrophysics research in South Africa is
mainly optical and infrared, with the majority of researchers based in the Western
Cape. The two major observatories, which
are national facilities under the NRF, are
the SAAO and the HartRAO. Together with
H.E.S.S. in Namibia, they are the main astrophysical facilities for South African researchers, and they are financed partially or
fully by government through the DST.
The SAAO is the main custodian of optical
facilities and operates five small telescopes,
as well as SALT on behalf of its international
partners. SAAO telescopes are at Sutherland, 360 km north of the headquarters in
Cape Town. The small telescopes contribute
to international research and to the training
of future astronomers. They are also important for the future success of SALT, either as
support telescopes or in its calibration.
SALT is operated by SAAO on behalf of
the international consortium which owns
it and in which South Africa is the major
shareholder; other shareholders include
institutions from the United States (US),
Poland, UK, India, Germany and New Zealand. The telescope is optimised for optical spectroscopy and has niche capabilities in spectropolarimetry and high-speed
photometry. The infrared arm of the spectrograph is under construction and will
make SALT an important instrument for
cosmology.
Currently there are six other telescopes
hosted by SAAO at Sutherland on behalf
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of, or in collaboration with, international
partners and institutions. Some of these are
run robotically by the international partner,
with SAAO providing technical assistance,
maintenance and services. South African
researchers have access to at least some
data from each of these. Other non-astronomical facilities in Sutherland include a
seismograph and a geodesic observatory.
Many of these facilities are part of global
networks. Sutherland is important for geographical and geological reasons, as well as
for hi-tech infrastructure.
HartRAO is the national facility for radio
astronomy, and has operated a 26-m radio
telescope near Krugersdorp, west of Johannesburg, since 1975. It was built by the
National Aeronautics and Space Agency
(NASA) in 1961 as part of their Deep Space
Station 51, for tracking US space probes.
It was transferred to South Africa 14 years
later when NASA withdrew. Because of its
location the telescope has played an important role in ‘Very Long Baseline Interferometry’ networks and geodesy. It was particularly useful in pulsar timing, interferometry,
spectroscopy and radiometry. The antenna
suffered a major failure in 2008 and it is currently (July 2009) inoperable. The prototype
15-m eXperimental Development Model
(XDM) of the Karoo Array Telescopes (KAT)
is being considered as a replacement for
the 26-m telescope to continue some of the
monitoring programmes until decisions are
made whether to repair or replace the 26-m
telescope.
South Africa has been shortlisted, with
Australia, to host the SKA telescope.
The KAT will be used to test technologies

leading up to the development of the
SKA. The first seven antennae are currently under construction, and the full array
of about 80 dishes (the MeerKAT) will be
operational in 2012. If the SKA is to be built
in South Africa, the central array will be
located near Carnarvon in the Northern
Cape. The rest of the dishes may be spread
out as far as Ghana and Mauritius.
Using the above optical, radio and gammaray facilities, postgraduate training and
significant research is carried out at the
University of Cape Town (UCT), University
of the Free State (UFS), NWU, Rhodes University (RU), University of South Africa (UNISA) and the University of the Western Cape
(UWC). In addition, theoretical cosmology
is practised at UCT, the University of KwaZulu-Natal (UKZN), UWC and the University
of the Witwatersrand (Wits).
South Africa is involved in ground-based
gamma-ray astrophysics via the participation of NWU in the highly successful international collaboration that operates H.E.S.S.
in Namibia. This university has a research
chair in the field, and this forms the core
of a broader participation by other South
Africa institutions in H.E.S.S. II, which is currently (2009) under construction. H.E.S.S.
is a system of Imaging Atmospheric Cherenkov Telescopes capable of detecting cosmic rays in the 100 GeV to 100 TeV energy
range.
It is a collaboration of mainly European institutions, with South Africa and Namibia as
the sole African representatives. The main
goal is to explore the production, propagation and acceleration of very high energy
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(VHE) particles in the universe. The extreme
astrophysical sites of cosmic acceleration
or sources of non-thermal radiation that
produce VHE photons include supernovae,
giant molecular clouds, starburst galaxies, clusters of galaxies, and supermassive
black holes in active galaxies. H.E.S.S. has
detected or confirmed over 50 VHE sources
as gamma-ray sources.
Astronomy Advantage Areas have been declared around Sutherland and Carnarvon
to protect and maintain the radio-quiet
regions for the SKA and the Sutherland observatory against light and dust pollution.
The Astronomy Geographic Advantages
(AGA) Act was passed in 2007, to ensure that
South Africa will be able to participate as a
partner in global-scale science projects.
On the space science side of this main
grouping, there are several activities in
space and upper atmosphere physics, extending to Antarctic research. In this field
and its related technologies, South Africans
have worked historically in the fields of
geomagnetism, ionospheric physics, heliophysics, and plasma physics. The birth of
space-weather research in Africa and the
increased human dependence on space
technology have added to the interest.
The HMO specialises in fundamental space
physics research, as well as the development of research infrastructure, promotion
and marketing of space physics.
The HMO is responsible to the international science community for a number of
infrastructure networks that extend as far
as Antarctica and deep into Africa, where
space physics collaborations are being es-
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tablished. In particular, it is one of four observatories worldwide whose observations
are the basis of the Dst index, a measure
of variation of the earth’s magnetic field,
e.g. due to solar activity. The South Atlantic Anomaly has a strong effect on the
main geomagnetic field in Southern Africa,
and studies by the HMO of its temporal
variation are yielding interesting results.
The HMO also carries out ionospheric tomography using Global Positioning System
(GPS) satellite data. RU has a long history of
research in ionospheric physics. Currently,
in conjunction with HMO, it operates a network of ionospheric observatories.
As one of the original 12 signatories of the
Antarctic Treaty in December 1959, South
Africa has maintained a scientific base in
Antarctica since 1960. The treaty sets aside
the continent for research purposes, and
South Africa celebrated its 50th anniversary
in Antarctic research at a mid-winter function on 17 June 2009 at the South African
National Antarctic Programme (SANAP)
headquarters in Cape Town. The current
South African National Antarctic Expedition
(SANAE) base is situated on a rocky outcrop
240 km from the edge of the ice shelf. The
proximity to the magnetic pole and the auroral zone means that measurements in upper-atmosphere physics provide a groundbased ’window into geospace’. The flagship
project of SANAP at SANAE is the Southern
Hemisphere Auroral Radar Experiment
(SHARE) high frequency (HF) radar, which
probes a large region of the ionosphere over
Antarctica, and it is part of the international
network known as SuperDARN (Super Dual
Auroral Radar Network). It was developed
as a project of the former Universities of Na-
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tal (now UKZN), responsible for data management, and Potchefstroom (now NWU),
who carried out the construction from
1994 to 1996, and who were responsible for
engineering operations for the subsequent
eight years. The SHARE group and HMO
have a long history of working on ultra-low
frequency (ULF) geomagnetic pulsations
arising from solar-terrestrial effects. Observations of naturally-occurring very low
frequency (VLF) waves by UKZN and HMO
are related to particle precipitation effects
in the auroral region. Cosmic-ray neutron
monitors at SANAE have been operated by
the research group at NWU (Potchefstroom
campus) continuously since 1964, providing a valuable long-term data resource
which contributes to valuable insights into
the modulation of cosmic rays.
Since 1974, the group at NWU has focused
strongly on the theoretical side of cosmicray transport in the heliosphere. Their models are based on numerical solutions of the
cosmic-ray transport equation, and they
provide explanations for the observations
made over many decades, ground-based
as well as by spacecraft throughout the
heliosphere, of how the sun modulates the
cosmic-ray intensity. These insights are applicable to new so-called astrospheres that
are being discovered and to cosmic rays
created in the remnants of supernova explosions.
For many years there has been a strong
involvement at UKZN in theoretical research on linear and nonlinear waves
in plasmas. Their interests in space plasma
physics include studies of electrostatic
solitons, dusty plasmas, waves in kap-

pa distribution plasmas, and geomagnetic
field line resonances.
This discipline as a whole strongly experiences the enabling effects of government
policy and legislation to provide South Africa with world-class facilities for astrophysics and space physics. The Space Agency Bill
of 2008 strives to integrate the space applications more strongly with the basic space
sciences. The big challenge remains to educate more South Africans to a level where
they can make full use of these facilities.
The ASS group has a specific focus on
student training and development. The
National Astrophysics and Space Science
Programme (NASSP) was formed in 2003 to
address the problem of shortage of South
African astronomers that are capable of
using SALT, and the extreme lack of black
South African astronomers. The programme
has been quite successful in producing
postgraduate students with various skills
that can also be applied in a range of other
fields and industries. The primary problem
so far has been attracting sufficient black
South Africans into the programme, but
this is addressed with the introduction of
an extended programme that caters for
South African students with disadvantaged
educational backgrounds.
3.6 Condensed matter physics
and materials science

M

aterials physics is the most widely
practised branch of physics in
South Africa, and also one of the
oldest and most established. Researchers
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such as FRN Nabarro and JH Van der Merwe
pioneered the field in the 1950s and 1960s,
and currently there are established groups
at about ten universities, together with research laboratories at the CSIR, iThemba
LABS, and Mintek, as well as Element 6 in
industry.
Recent years have also seen a stronger overlap with research in other physics sub-disciplines (applied physics, optics and spectroscopy, and theoretical physics), and even
with other disciplines (chemistry, biology
and engineering) and research areas (nanosciences, biotechnology, and microscopy).
Details are given under the descriptions of
each of the respective fields.
A research chair in nanotechnology was
awarded in 2008 to the physics department
of Nelson Mandela Metropolitan University
(NMMU) for work on thin-film semiconductor materials. The NRF has also established
a National Centre for High-resolution Transmission Electron Microscopy (TEM) in the
same department. It will operate the first
double-corrected atomic resolution TEM
in Africa. This facility is, however, only the
most high-profile of a series of similar facilities established throughout the country
for research on nanomaterials and other
interdisciplinary science. Only three years
ago, near-atomic resolution microscopy in
South Africa was a dream, with researchers and students having to use their scarce
resources for travel. Now there are facilities
at UWC, UCT, Wits and the CSIR. The same
pattern has been repeated throughout
the recent investment in interdisciplinary
research equipment. The major share has
been used to purchase analytical equip-
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ment for materials characterisation, and it
is these tools of condensed matter physics
and materials science which are driving the
resurgence of applied and interdisciplinary
research.
This cross-fertilisation with other disciplines
and investment in much-needed infrastructure has led to an equal growth in human
capacity. Almost every university in the
country now has either an active research
group in the field, or a successful postgraduate programme, often in collaboration
with other institutions and disciplines. In
this respect, the new teaching and research
activities at the UFS’s Qwa-Qwa campus,
and at the University of Zululand (UZ) in
collaboration with UWC and the materials
research group at iThemba LABS, are particularly noteworthy. Even the established
universities and the science councils have
seen a resurgence in an interdisciplinary
approach to materials research, with the establishment of the Centre of Excellence for
Strong Materials at Wits, and the National
Centre for Nano-structured Materials at the
CSIR. The UFS has established, through its
applied and basic research on nanophosphors, strong collaborative links with chemistry departments. Both NMMU and UCT
have a broad programme of research, ranging from the fundamental physics of nanomaterials through to the applied physics of
solar cells – one being based on thin-film
compound semiconductors and the other
on printable nanoparticulate silicon. While
not formally having a solid-state physics
group, Stellenbosch University (SU) is actively pursuing the study of materials using
femtosecond laser techniques, specifically
second-harmonic generation at semicon-
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ductor interfaces and ultra-fast electron
diffraction. The University of Pretoria (UP)
has maintained its traditional strength in
semiconductor materials and ion beam
analysis, while developing industrial links
to conduct research on the materials for the
PBMR. Theoretical and computational solidstate physics, traditionally the preserve of
the Materials Modelling Centre at the University of the Limpopo (UL) and the Wits
physics department, has been enhanced
by the activities of the theoretical physics
community, namely the establishment of
NITheP and the Centre for High Performance Computing in Cape Town. UJ, UCT,
UFS and UZ are now actively conducting
research in this area. On the experimental
side, UJ has become the de facto national
centre for studies of the magnetic properties of materials.
3.7 Education

P

3

hysics education activities within the
SAIP take place at four levels – curriculum, pupils, teachers and undergraduate. In the past few years, South Africa
has introduced new secondary school curricula that are designed to be modern and
based on the principles of outcomes-based
education. The focus is on what students
know and can do, rather than on what the
teacher teaches. The curriculum for Grades
10 to 12 was phased in between 2006 and
2008. Members of the SAIP were centrally
involved with designing the physics component of the physical sciences curriculum.
There are three physics, two chemistry and
one integrated strand, each of which is
taught in each of the three years of second-

ary school. The selection and sequence of
physics topics were intended to facilitate
conceptual progression, while helping students see the relevance of physics to everyday life. Applications related to South African-based science were also included, such
as the SALT and laser physics.
Between 2005 and 2009, the SAIP received
funding from the DST to support teachers
in implementing the new Grade 10 to12
physics curriculum. Since the new curriculum required greater depth of understanding of the physics content, it was essential
that physicists were involved in in-service
teacher development. DST funding has
been used to develop materials for workshops for teachers to be run by physics
university lecturers. The national Department of Education (now the Department
of Basic Education) has also called on SAIP
members to run workshops for subject advisers and teachers. In addition, physicists
at several universities are involved in teaching formal teacher education programmes,
to both pre-service and in-service teachers.
Greater involvement of physicists in teacher
education and professional development
will lead to greater understanding of subject matter amongst teachers, as well as
greater appreciation amongst physicists
of the background of incoming students at
university level.
In order to stimulate interest and nurture
talent in physics amongst pupils, the SAIP
has been working with DST to establish a
physics olympiad. In 2009 it will be written
by a subset of pupils writing the more general science olympiad. In the future there
are plans to expand participation and per95
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formance in the physics olympiad by offering training camps.
South African physicists have conducted
research in physics education for more than
30 years. In the 1970s and 1980s, much of
the research focused on students’ alternative conceptions and reasoning difficulties,
in line with international physics education
research at the time. In the 1990s there was
a strong political and social imperative to
provide access to science degrees for students who came from economically and
educationally disadvantaged backgrounds.
Several universities created programmes
that extended the BSc degree by one year
and included additional components to
help overcome gaps in students’ background knowledge and to explicitly develop their cognitive and metacognitive skills.
A great deal of research was carried out
during this time by physicists specialising
in physics education research. The impetus
behind much of the research in physics education was to identify obstacles to success
for students in foundation programmes and
interventions to overcome them. This led to
research focused on students on the one
hand, and the learning environment on the
other. The research topics encompassed the
identification and evaluation of appropriate
curriculum elements for foundation and extended courses; the interplay between language and conceptual understanding (the
great majority of South African students
study in a language that is not their mother
tongue) and between writing and learning;
the effect of metacognition on enhancing
learning; student understanding of the nature of scientific measurement; strategies
for enhancing problem-solving skills; and
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effects of peer-group learning. The research
has yielded insights into aspects of curriculum, teaching approaches and student
learning environments that can lead to
more effective physics learning.
Today, most universities in South Africa
provide some form of foundation physics
course that is offered as part of an extended
BSc degree. These courses are intended to
provide access to university science-based
degree programmes for students who have
been academically disadvantaged. Over
the past two decades, physics education research led to the identification of key concepts, cognitive skills, mathematical tools
and philosophical elements that need to
be explicitly incorporated into physics curricula at the foundation and introductory
levels. Physics education research continues to inform the design and development
of the content, philosophy and teaching
approaches for these courses. In several
universities, this research is also influencing the content and teaching approaches
in the introductory courses, including the
design of introductory laboratory work.
A few studies have also been carried
out over the years on physics teachers.
Such studies have identified teachers’
conceptual difficulties, which are likely
to be passed on to students. Others were
about the relationship between teachers’
content knowledge, teaching approaches
and professional attitudes.
A more recent line of research involves the
relationship between indigenous knowledge and traditional physics. This is aimed
at identifying aspects of indigenous know-
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ledge that can be directly related to physics concepts and then incorporation into
physics curricula. It is hoped that the
effect will be to both preserve indigenous
knowledge and to help students value it.
Furthermore, the use of local contexts may
make the physics concepts more accessible
to students.
3.8 Lasers, optics and spectroscopy

S

outh Africa has a long history of optical spectroscopy, and it continues to
be an important field in the country,
both as a tool and in terms of fundamentals. Examples are the research undertaken
at the NPRL of the CSIR and at SU and UKZN
(Pietermaritzburg campus). This expertise
led to South Africa being an early adopter
of laser technology, the first lasers being
built in the 1960s at the NPRL and at UKZN.
Despite this early introduction, there was
little activity in photonics in the country
until the early 1980s, when the AEC started
investigating the process of Molecular Laser
Isotope Separation (MLIS) as an alternative
to the ubiquitous centrifuge technology
for uranium isotope separation for enrichment. This required a large investment in
laser and photonic technology in terms of
both infrastructure and equipment, as well
as in competency. It is estimated that several hundred millions of Rands were spent
on this chimera.
South Africa is often praised for its voluntary halting of all nuclear enrichment programmes, but this left the photonics community in South Africa in a quandary, when

in 1997 the MLIS programme, with a staff of
more than 300 well-trained scientists and
technicians, and an estimated R20 million
worth of laser and photonic equipment,
was terminated. Interventions from the SAIP
with the then DACST led to the inauguration
of the NLC in 2000, but more importantly, a
nationally co-ordinated programme (Rental
Pool Programme) to promote lasers, optics
and spectroscopy in South Africa.
The outreach activities of the SAIP lasers,
optics and spectroscopy (LOS) specialist
group members, together with that of the
Rental Pool Programme, has seen photonics in South Africa enjoy significant expansion from 1998 onwards. Technical, scientific and infrastructural support has meant
that any university in South Africa can now
consider photonics research regardless of
lack of experience or equipment. This approach has seen photonics adopted across
disciplines, whereas previously it was predominantly the domain of physicists, and
has seen the LOS group become one of the
largest and most active in the SAIP community. There has been a concomitant increase
in publication outputs and student involvement in photonics research, with four of
the research chairs appointed in photonics:
photonics, ultra-fast and ultra-intense laser
science (SU); quantum information processing and communication (UKZN); medicinal
chemistry and nanotechnology (RU); and
nanophotonics (NMMU). The main research
centres in photonics are concentrated at the
NLC and SU, where both basic and applied
research is undertaken in a wide range of
fields, including a growing activity in ultrafast science. Extensive application of photonics is to be found at other institutions
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such as Wits (materials), UJ (biology), UKZN
(quantum optics), NMMU (fibre optics and
photonic materials) and RU (chemistry).
The extension of activity into the rest of
continental Africa is strong and well-focused, with the recent establishment of the
African Laser Centre which currently has 19
partner countries and the growth of which
is set to continue.
Photonics is one of the fastest growing
technology fields worldwide; for the first
time, in 2005, worldwide revenue from
photonics exceeded that of microelectronics, heralding the so-called ‘century of the
photon’, where photons are mooted as the
electrons of the 21st century. This is apparent in everyday life, where photonic components are steadily replacing electronic
components (such as communications over
fibre optic instead of copper wire). The DST
strongly supports laser research in South
Africa, identifying it as an important emerging research area and one in which it is believed that researchers in South Africa have
the potential to contribute to leading-edge
global knowledge.
Ten years since the small LOS community
established the NLC, the members (now
numbering about 70) have again mobilised
to take photonics into the future through
the Photonics Initiative of South Africa
(PISA). Offered as a direct intervention for
flagship-type programmes as suggested in
the ‘Shaping the Future of Physics in South
Africa’ report, PISA has presented to DST a
strategy for photonics in South Africa involving a R700 million investment in photonics over a five-year period, starting in
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2009. PISA aims to position South Africa as
a globally competitive player in photonics
by strengthening human capital development, investing in pure and applied photonics research, and fostering a national
photonics industry.
3.9 Nuclear, particle and radiation physics

S

ince the advent of democracy in 1994,
many collaborative research partnerships have been established with
other countries in the fields of nuclear, particle and radiation physics. Many efforts,
both experimental and theoretical, are underway in South Africa and abroad, with
the overall goal being the production of a
cohort of skilled, dynamic young scientists
who reflect the full diversity of South Africa’s population. Some of these initiatives
are discussed below.
In collaboration with a considerable number of South African universities, accelerator-based academic and applied nuclear
research is carried out at the Cape Town
and Gauteng sites of iThemba LABS, at
Necsa, and at UP. This represents a substantial research infrastructure that is a key
asset to the country as it seeks to develop
the skills required by the nuclear power
and medical industries, as well as delivering
other potentially beneficial spin-offs.
In the Cape, iThemba LABS makes use of its
two main accelerators, namely the K=200
Separated Sector Cyclotron (SSC) and the
single-ended 5MV Van de Graaff. The SSC
produces 200 MeV protons for research and
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proton therapy, up to 250 μA of 66 MeV protons for isotope production and neutron
therapy, and a wide range of ion beams
from 3He to 136Xe for academic research. A
new ‘beam-splitter’ has been installed so
that high and low-current production of
radio isotopes can be carried out simultaneously. In addition, new electron cyclotron
resonance ion sources are currently being
installed to enhance the opportunities for
cutting-edge academic research. The challenge remains as to how best to divide the
SSC accelerator’s beam-time between the
nuclear power and medical sub-disciplines.
Clearly, the only long(er) term viable solution would be to have dedicated accelerators for the medical and isotope production
functions, which would free the SSC to be
used exclusively as a research tool.
Of the suite of smaller accelerators, the 5
MV van de Graaff at iThemba LABS South
is mainly used for materials, nanoscience,
geological and biological research. The accelerator located at the iThemba LABS Gauteng site is a 5 MV EN tandem which has recently been refurbished by grants from the
DST. Currently, some of the equipment required for a commercial service for Atomic
Mass Spectrometry (AMS) is being installed
for 14C dating and the studies of many trace
materials. There is also apparatus for materials and nuclear research. The major facility
at Necsa is the SAFARI reactor with a variety
of thermal neutron beams and activation
facilities. UP has a 1 MV single-ended Van
de Graaff accelerator, used mostly for implantation and channelling studies.
The largest investment in human and technical capital in pure nuclear physics re-

search in South Africa resides at iThemba
LABS in the western Cape. A long-standing
collaboration with the Research Centre for
Nuclear Physics RCMP in Osaka, Japan, has
resulted in the very large magnetic spectrometer at iThemba LABS becoming one
of only two spectrometers in the world to
achieve an energy resolution of better than
20 KeV for protons above 100 MeV. This has
produced the first measurements of the
fine structure in giant dipole resonances,
measured with inelastic proton scattering,
in a collaboration including Wits and the
Technical University in Darmstadt, Germany. The latter study has made use of wavelet analysis in which different energy-scales
of the fine structure of the GDR can be uncovered. The use of the spectrometer in the
operationally challenging, but scientifically
rewarding zero-degree mode has recently
been harnessed over an extended running
period. Such measurements will become
more common if the applied and medical
applications of the iThemba LABS SSC are
moved onto dedicated accelerators.
The ‘African Omnipurpose Detector for
Innovative Techniques and Experiments’
(AFRODITE) gamma-ray spectrometer at
iThemba LABS South is amongst the ten
most powerful instruments in the world for
the investigation of the quantum structure
of nuclei. These spectrometers can be used
in a wide variety of experiments, often in
conjunction with additional specialised detectors. Many experiments have been carried out using AFRODITE, including collaborative measurements with physicists from
Australia, Bulgaria, China, France, Hungary,
Italy, Sweden, Slovenia, Turkey, and the UK.
For example, there is a formal collaboration
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with the ATOMKI Institute in Debrecen, Hungary, under the auspices of a governmental
bilateral agreement. This has resulted in the
ATOMKI DIAMANT array of charged-particle
detectors being available for experiments
with AFRODITE. Both AFRODITE and DIAMANT are in the process of being connected to a state-of-the-art ‘triggerless’ dataacquisition system. These developments,
along with the in-progress procurement
of the first high-volume, highly segmented
TIGRESS-type clover germanium detector
will boost the detection sensitivity for the
study of weakly populated structures of significant and cutting-edge physical interest.
Of particular relevance to this is the desire
to study exotic nuclear species with large
neutron excesses which can be produced in
the fragmentation of intense, fast beams of
stable nuclei. Such beams will be available
from the new Grenoble Test Source (GTS)
electron cyclotron resonance ion source
which is under assembly at iThemba LABS.
There is a formal agreement with the Joint
Institute for Nuclear Research (JINR) at Dubna in Russia, where South African physicists
have joined in experiments within the associate membership framework. Tangible
benefits to the nuclear physics infrastructure in South Africa have resulted from this
membership, both in terms of knowledge
sharing and technological developments.
A number of world-leading projects in
particle physics are underway at the European Organisation for Nuclear Research
(CERN) in Switzerland to which South Africa
makes significant contributions. Recently, a
South African team successfully tested their
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software for the fast di-muon trigger of
the ALICE (a large ion collider experiment)
detector on the Large Hadron Collider.
Sources of positrons from 22Na, manufactured by the radio-nuclide production
group at iThemba LABS, have been used
to produce anti-hydrogen at CERN. UCT is
a world-leader in the application of thermodynamic approaches to understanding
the properties of the Quark Gluon Plasma
(QGP) that is thought to be produced by the
collisions of very energetic heavy nuclei. A
group at UJ is taking part in the ATLAS (a
toroidal LHC apparatus) experiment, which
is aimed at obtaining a definitive determination of the mass of the Higgs particle.
The Centre for High-performance Computing (CHPC) in Cape Town is an important
facility that grew out of a physics proposal
in this specific field. Most of the flagship
projects that are listed in their brochure
are physics-based. It obviously has a much
broader user base, and it is another example
of DST investment in S&T infrastructure.
3.10 Theoretical physics

T

heoretical physics has a long and
productive history in South Africa.
The first formal structure to promote
research and training in theoretical physics
was created in 1974 at the founding meeting of the Organisation of Theoretical Physics (OTP). A committee was elected, with
CA Engelbrecht elected as the chair, and
thereafter re-elected every year until 1989.
In the first year, 35 members joined the organisation, and within a few years it grew
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to about 60 members, which then included
staff and students from all universities. The
first success of the OTP was in 1976 when
the CSIR president, C van der Merwe Brink,
agreed to sponsor a regular summer school
series through which theoretical physicists
and university students could become acquainted with important developing areas in modern physics. After the death of
Engelbrecht in 1991, the OTP felt that it was
appropriate to name this summer school
series after him as initiator of this initiative. The Chris Engelbrecht Summer School
series, later sponsored by the NRF, has
become known internationally, and has
attracted numerous high-profile lecturers,
including a number of Nobel laureates.
(A list of previous summer schools can be
found at http://www.nithep.ac.za.)
Another initiative of the OTP was a series of
theoretical physics seminars. From the inception of the OTP in 1974 until 1980, this
annual series became the major organised
activity of the OTP. It obtained official status
within the SAIP, and in the annual SAIP conference programme a dedicated session
was established for these OTP seminars.
The April 2004 report on ‘Shaping the Future of Physics in South Africa’ contained
among its recommendations the following:
“The state of theoretical physics is characterised as internationally competitive in some
areas, but there is fragmentation and a coherent policy is needed. We recommend
the establishment of a national theoretical
physics facility (either real or virtual); the
theoretical physics community will then be
able to respond nimbly to national science
policy initiatives.”

The theoretical physics community was able
to respond quickly, and in July 2004 a working committee was elected to draft a formal
proposal in response to this recommendation. In consultation with the broad community of stakeholders in theoretical physics, consensus was reached that the model
of a geographically distributed National
Institute for Theoretical Physics (‘hub-andspokes’ model) would best serve the needs
and interests of the physics community. In
a proposal to DST and NRF in November
2004, and formally endorsed by the SAIP
council, it was accordingly recommended
that NITheP (the National Institute for
Theoretical Physics) be established with its
main centre at the Stellenbosch Institute for
Advanced Study (STIAS), and with regional
centres at Wits and UKZN. This proposal was
formally approved by the DST and NRF in
February 2006. Finally, in April 2008, after
an interim phase in which progress was
monitored by a management committee,
the first full-time director, FG Scholtz, five
full-time researchers and a number of postdoctoral fellows were appointed.
The inauguration of NITheP at STIAS took
place on 13 May 2008 with Minister M
Mangena of the DST delivering the opening speech. The inauguration was attended
by Stephen Hawking, who gave a personal
message of support, as well as by Nobel
laureates David Gross and George Smoot.
NITheP is now firmly established and is
earmarked to become a national facility in
the near future. It supports around 90 postgraduate students in theoretical physics
and closely related fields, and has around
30 associate members from all South Af101
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rican tertiary institutions. NITheP aims to
create a national, African and eventually international network of researchers that will
drive research and training in theoretical
physics in a coherent and sustainable way
throughout South Africa and Africa.
Currently, the main research thrusts in the
South African theoretical physics community, which are also reflected within the
NITheP network through researchers and
associates at various universities, are in the
broad fields of statistical and condensed
matter physics (SU), fundamental highenergy physics and classical and quantum
gravity (Wits and UCT), quantum computing and information (UKZN), high-energy
phenomenology (UCT and Wits), cosmology and astrophysics (UCT and UKZN), space
plasma physics (UKZN), and computational
physics (UL, UP and Wits).
More information on NITheP’s structure
and activities are described at http://www.
nithep.ac.za.
3.11 Assessment and the future

T

he discipline of physics and astronomy in South Africa is clearly healthy,
and core to the National System of
Innovation. From a slow and sometimes
uncertain start 15 years ago, the physics
community has learned how to focus on
the needs and the expectations of the new
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democratic South Africa, and how to build
on the existing S&T infrastructure. The government underscored the importance of
this infrastructure with its strong and sustained investment in new equipment and
opportunities such as telescopes, analytical
equipment, research chairs, centres of excellence, new national institutes and interdisciplinary science and technology facilities. This has already had a significant effect,
most notably in the increase in the number
of practising physicists, as reflected by the
rapid growth of SAIP membership and the
annual conference attendance. The age of
this membership has dramatically reduced
due to the increase in the number of postgraduate students, and the demographic
balance amongst these students is becoming more fully representative each year.
The challenge for the future is twofold.
The mission statement of the SAIP is to be
the ‘voice of physics in South Africa’, and
through its list of initiatives, it finds itself
in a continuing learning curve of how to
stimulate the subject. The much bigger
challenge is the poor state of science and
mathematics teaching in many secondary
schools, leading to too few entrants at the
tertiary level, thus threatening the longterm sustainability of the basic sciences.
The science and mathematics communities are continually addressing this challenge, but a much larger intervention at the
national level is needed.
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