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THE QUALITY AND QUANTITY OF RESEARCH
publications are used as benchmarks
to monitor the performance of South

Africa’s national system of innovation. The
indicators are pertinent to the policies of the
Department of Education, which distributes
funds for research at institutions of higher
education by measuring the volume of re-
search outputs. In this article, we present a
scientometric assessment of research in South
Africa in the context of the rest of Africa and
in comparison with Brazil and India—two
countries with which South Africa aims to
develop strong scientific ties. We find that
South Africa has published a significant
number of papers in all 22 disciplines repre-
sented in the ISI’s Essential Science Indicators.
The largest numbers of journal articles in a
10-year period (1996–2005) were published in
the categories Clinical Medicine, and in Plant
and Animal Sciences, with over 7000 papers
each. Three groupings, namely, Chemistry,
Geosciences, and Environmental/Ecology,
form the second cluster of disciplines in terms
of the highest number of publications (2966,
2488 and 2386, respectively). In all 22 subject
categories, India and Brazil are rated higher
than South Africa in terms of number of publi-
cations, but South Africa is ranked above
these countries in relation to citations per
paper in all disciplines. Egypt outranked
South Africa in three disciplines in the period
1995–2004, namely, Chemistry, Engineering,
and Materials Science, as did Nigeria in Agri-
culture in 1996–2005. In addition to the three
disciplines in the earlier period, Egypt out-
ranked South Africa in 1996–2005 in Physics,
Agricultural Sciences, and Pharmacology/
Toxicology. However, South Africa scored
higher than both African countries in all disci-
plines in terms of citations per paper.

Introduction
The South African government recog-

nizes the value of the contribution of
science and research to the improvement
of the quality of life of its people and
wealth creation.1 Since 2002, the govern-
ment’s focus shifted from organizing
the system that underpins science and
technology to substantially increasing the
expenditure on research and development
as a percentage of gross domestic product
(GDP), from 0.6% to 1% by 2010. In line
with this commitment, the government
has, amongst other measures, introduced

the National Research and Development
(R&D) Strategy2 in 2002, the National
Biotechnology Strategy3 in 2003, and the
South African Research Chairs initiative
in 2005. These policies all aim to increase
the level of scientific and innovation
activity.

In addition to the efforts of the Depart-
ment of Science and Technology, the
Department of Education has modified
the way it funds higher education institu-
tions in South Africa. While not completely
ignoring input measures, outputs are
factored into the funding formula in the
case of research activity at all 23 higher
education institutions.4

The number of publications emanating
from a country and their impact through
citations are familiar indicators to assess
research output and quality for the pur-
poses of country assessments5–7 and disci-
pline evaluations.8,9 A publication is
attributed to a particular country if at least
one author includes it in his or her address.
Moreover, the number of publications is a
proxy for the level of scientific activity.
Citation counts indicate the number of
times a paper is referenced by other
scholars in their publications, and are
therefore a measure of the impact a partic-
ular study has had in its field and possibly
of its quality. The evaluation of South
African research capacity, both in absolute
terms and in relation to other countries, is
a benchmark through which the effect of
changes within the national science and
technology system can be measured.
Governments regularly monitor their
expenditure on R&D and volume of
publications to assess their performance
and issue monitoring documents.10,11

In this article, we present a scientometric
assessment of research in South Africa in
the context of Africa and in comparison
with Brazil and India, two countries
with which South Africa aims to develop
scientific ties. It is therefore desirable to
recognize the strengths of these countries
to take advantage of their potential in
developing joint R&D programmes.

Methods
We used the Thomson ISI databases for

the purposes of country assessments
and discipline evaluations. These sources

provide statistics on publications in
journals that they index. A journal has to
meet a minimum set of criteria that reflect
the quality of the periodical and its pene-
tration within the scientific community.

A product offered by Thomson ISI and
used for this analysis is the Essential
Science Indicators (ESI),12 which provides
rankings in terms of volume of publica-
tions and number of citations per article to
rank institutions, countries and journals
over 10-year periods. To compensate for
varying publication and citation rates
across scientific fields, different thresholds
are applied to each discipline. The thresh-
olds are set to reflect the same proportion
of entities from each field. These percent-
ages translate into a specific frequency
cut-off for each field. For countries and
journals, this percentage is 50%, whereas
for institutions and authors it is 1%. The
number of citations required for a country
to be included in the database varies from
as few as 22 in Multidisciplinary Sciences
to as many as 1644 citations in Clinical
Medicine (for the period ending 1 May
2005).

Information was obtained from the ISI
databases on the number of papers, total
citations and citations per paper in respect
of different countries, as well as average
citations per article for the different disci-
plines. The information so gathered for
this study represents publications that
appeared between November 1995 and
November 2004, and from November
1996 to November 2005. These periods
were selected to provide a baseline to
track the impact of changes introduced by
the South African government through
the departments of Education and of
Science and Technology in the first half of
the present decade. Two periods were
chosen to establish the baselines because
both the numbers of publications and
citations can fluctuate from year to year.

South Africa’s research performance
Table 1 shows the number of publications

produced by South African researchers
during the two 10-year periods ending
November 2004 and November 2005. The
country has a presence in all 22 disciplines
in the ESI database, indicating that it
reaches the minimum thresholds in all
disciplines. In the 1996–2005 period, the
disciplines with the largest number of
papers, as defined by ESI, were Plant and
Animal Sciences, and Clinical Medicine,
with 7462 and 7342 publications, respec-
tively.

The difference in numbers between the
two top disciplines in Table 1 and the next
cluster of subjects is striking. There are
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seven fields that can be grouped together,
with publication numbers ranging from
3000 in Chemistry to 1700 in Biology and
Biochemistry. A third group of disciplines
can be grouped together with fewer than
1000 papers. The numbers of entries in the
last group of six disciplines range from
377 to 593.

Even though research productivity is
field specific, it is important to monitor
the number of publications and activity
within a field to assess the trends over
time. In comparing the data over the
two adjacent periods, the number of
publications in Plant and Animal Sciences
increased from 7128 (1995–2004) to 7462
(1996–2005), while those in Clinical
Medicine decreased from 7440 (1995–
2004) to 7342 (1996–2005). It is the first
time that more South African papers were
published in Plant and Animal Sciences
than in Clinical Medicine. The decline in
the number of publications in the latter
category is possibly related to the increase
in clinical workload. Since 1994, the
health system has been expanded and the
number of patients visiting public tertiary
teaching hospitals has increased greatly.13

The fall in publication numbers could
also be related to changes in the provision
of laboratory services in South Africa. The
establishment of the National Health
Laboratory Service (NHLS) has resulted
in a greater emphasis on laboratory services
than on academic research.

As in the case of Animal and Plant
Sciences, the number of publications in
the two survey periods has grown in 17 of
the 22 disciplines. One of the areas with
the highest increase was Social Sciences,
by more than 10%, whereas publication
numbers decreased in five disciplines—
Clinical Medicine, Psychiatry/Psychology,
Molecular Biology and Genetics, Physics,
and Multidisciplinary. It is noteworthy
that Molecular Biology and Genetics have
contracted at a time when biotechnology
has been declared a national priority,
especially with the launch of the National
Biotechnology Strategy in 2001. It is possi-
ble that the emphasis on the commercial-
ization of research resulted in a decline in
new knowledge production, as reflected
in research papers in the public record.
However, the increases in the other 17
disciplines should to be viewed against
the background of a global expansion in
publications in all fields. In the last two
decades, South African research papers
increased by 2.4% whereas international
science, as reflected by the volume of
publications in the ISI database, increased
by 3.5%.6

The fall in the level of activity in three of

the five disciplines was also noted by
Molatudi and Pouris,14 who reported a
22% decrease in Clinical Medicine, a 6.8%
drop in Molecular Biology and Genetics,
and a 7.2% decline in Multidisciplinary
between the periods 1990–1994 and 1996–
2000.

Table 2 shows the citations received by
South African publications during the
two periods under review. Citations are a
measure of the usefulness of publications
in the generation of new knowledge.
There has been an improvement in the
citation record in the two survey periods
in 21 of the 22 disciplines. The increases
range from a marginal improvement of

1.1% in Physics to a healthy 26% in Social
Sciences. In 12 of the disciplines, the
increase was equal to or less than 12%.
In Multidisciplinary, however, citations
declined by over 45%, reflecting also a
decrease of 30% in the corresponding
number of publications.

The general increase in citations can
partly be attributed to South Africa’s
changed political status. Prior to 1994, an
international academic boycott was in
place to protest against the policies of the
apartheid government so that collaboration
between South African scientists and aca-
demics abroad was limited. The establish-
ment of a democracy has resulted in closer
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Table 1. Number of South African publications (10-year periods).

Field (ISI classification) 1995–2004 1996–2005 % change

1. Clinical Medicine 7 440 7 342 –1.3
2. Plant & Animal Sciences 7 128 7 462 +4.7
3. Chemistry 2 920 3 040 +4.1
4. Biology & Biochemistry 1 685 1 744 +3.5
5. Geosciences 2 439 2 594 +6.4
6. Environment / Ecology 2 321 2 471 +6.5
7. Physics 2 039 2 018 –1.0
8. Space Science 996 1 006 +1.0
9. Molecular Biology & Genetics 612 593 –4.1

10. Microbiology 736 755 +2.6
11. Immunology 446 514 +15.2
12. Engineering 2 049 2 091 +2.0
13. Social Sciences (general) 1 882 2 076 +10.3
14. Agricultural Sciences 700 782 +11.7
15. Psychiatry / Psychology 979 939 –1.0
16. Pharmacology / Toxicology 526 559 +6.3
17. Neuroscience & Behaviour 354 377 +6.5
18. Materials Science 820 859 +4.7
19. Mathematics 966 987 +2.1
20. Multidisciplinary 591 413 –30.1
21. Computer Sciences 394 434 +10.2
22. Economics & Business 464 477 +2.8

All fields 38 487 39 553 +2.7

Table 2. Number of citations to South African research papers (10-year periods).

Field (ISI classification) 1995–2004 1996–2005 % change

1. Clinical Medicine 50 462 55 500 10.0
2. Plant & Animal Sciences 26 633 29 869 8.4
3. Chemistry 14 752 15 839 7.4
4. Biology & Biochemistry 13 895 15 077 8.5
5. Geosciences 13 600 15 732 15.7
6. Environment / Ecology 12 338 14 360 18.6
7. Physics 10 425 10 544 1.1
8. Space Science 10  068 10 084 0.2
9. Molecular Biology & Genetics 9454 10 195 7.8

10. Microbiology 7 479 8 790 17.5
11. Immunology 5 127 6 619 29.1
12. Engineering 4 930 5 230 6.1
13. Social Sciences (general) 3 833 4 825 25.9
14. Agricultural Sciences 3 053 3 282 7.5
15. Psychiatry / Psychology 2 997 3 538 18.1
16. Pharmacology / Toxicology 2 918 3 268 17.4
17. Neuroscience & Behaviour 2 783 3 360 20.7
18. Materials Science 2 865 2 968 3.6
19. Mathematics 1 719 1 839 7.0
20. Multidisciplinary 1 276 688 –46.1
21. Computer Sciences 693 857 23.7
22. Economics & Business 574 628 9.4

All fields 223 092



links between South African researchers
and their international counterparts.

Table 3 shows the citations per article for
the different scientific disciplines for the
two 10-year periods.

For all but three disciplines (Multidisci-
plinary, Agricultural Sciences, and Space
Science) citations improved. This trend
was noted also by Molatudi and Pouris.14

In the periods 1990–94 and 1996–2000, ci-
tations in 12 of the disciplines increased,
perhaps reflecting an improvement in the
quality of research since 1994 or else the
rise in the volume of publications and
therefore more citations. Despite this
improvement, however, South Africa per-
formed unfavourably compared with
global trends. The percentage of citations
received by South African articles relative
to the world average varied from 87% for
Agricultural Sciences to 33% for Econom-
ics and Business. Even in fields in which
the country has published extensively, cita-
tions per paper fall short of the corre-
sponding average by more than 25%—for
example, in Animal and Plant Sciences
(by 33%), Clinical Medicine (27%), and
Chemistry (34%). In Psychiatry/Psychol-
ogy, and Economics and Business, the
level is more than 50% below the disci-
pline average. Space Science and Agricul-
tural Sciences are the two fields where
South African publications come closest
to the global average. In both these cases,
however, the citations per publication
were 12% and 13%, respectively, below
the global average for the discipline. We
have argued earlier that the increase in
citations could possibly be due to the
‘freedom dividend’ of 1994 and that in

terms of global averages this dividend
might not have been fully realized. The
fewer citations may also be attributed to
publications by South Africans concen-
trating on issues specific to this country,
which might not be relevant to academics
in other countries.

International comparisons
Table 1 provides absolute values of

publication numbers and provides a
measure of research activity. However,
these numbers have to be interrogated
against international trends as well as
taking account of the discrepant volumes
of publications across different disciplines.
Researchers’ productivity varies according
to scientific field. Moreover, publication
practices differ widely across disciplines
in terms of co-authorship practices, the
typical number of publications per year,
and even the definition of what counts as
a scientific article. In some disciplines,
researchers are not expected to produce
more than one article per year, while in
others the typical annual output is in the
range of 10 to 20 articles.

South Africa produces almost three
times more papers in Clinical Medicine
than in Geosciences yet is ranked 30th in
the former and 20th in the latter category.
Thus, although South African scientists
produce more than 7000 publications
annually, as a percentage of the global
output this total is relatively less impressive
than the 2594 publications in Geosciences
in a decade. Furthermore, although the
country produced about six times more
papers in Chemistry than in Immunology,
the two disciplines are ranked almost

equally in global terms (31st for Chemistry
and 29th for Immunology).

In terms of the number of publications,
South Africa is rated in the top 20 coun-
tries in two disciplines, Plant and Animal
Sciences at position 18 and Geosciences
at number 20. In national terms, the two
disciplines are ranked first and fourth,
respectively. Plant and Animal Sciences
therefore represents an area of excellence
in South Africa. Not only do researchers
in the field produce most of the national
publications by category, the discipline is
also highly ranked.

In seven other disciplines, South Africa
is rated in the global top 30. However, in
four of these, the rankings range from
28th to 30th, the ranking of the 13 other
disciplines range from 31st for Chemistry
to 46th for Materials Science. It should be
a concern that Clinical Medicine and
Chemistry, which are placed second and
third in South Africa in terms of the number
of publications, are ranked so low interna-
tionally.

These listings allow comparisons to be
made with developments globally and
within Africa.

South Africa compares unfavourably
with two other countries from the group
of developing nations that are considered
innovative, India and Brazil. Brazil is
ranked in the top 20 countries in 12 disci-
plines, with a high of 11th position in
Agricultural Sciences. India is among the
top 20 countries in 13 disciplines, with five
of the disciplines in the top ten in the
world.

The higher volume of publications
generated by India and Brazil can be
partially attributed to these countries
having more researchers as well as spend-
ing more money on R&D than South
Africa. However, the appropriate parame-
ter to measure the value for money is
complicated. To normalize the data it is
necessary to use purchasing price parity
(PPP), which allows aggregates of national
accounts to be compared in terms of the
purchasing powers of the currencies in
their respective domestic markets free
from differences in price levels among
countries. Table 4 in supplementary mate-
rial online reveals that in the three cases of
publications per GDP,15 publications per
PPP, and publication per spending on
R&D, the South African performance is
much more favourably reflected than
absolute publication numbers. Although
South Africa produces 21% of India’s
papers, and less than 36% of Brazil’s, it
generates more articles per dollar when
comparing GDP in terms of purchasing
price parity.
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Table 3. Citations per article, South Africa; two 10-year periods.

Field (ISI classification) 1995–2004 1996–2005 World average % SA of world
1996–2005 average 2005

1. Clinical Medicine 6.8 7.6 10.4 72.8
2. Plant & Animal Sciences 3.7 4.0 6.0 66.7
3. Chemistry 5.1 5.2 8.0 65.5
4. Biology & Biochemistry 8.3 8.7 15.2 57.1
5. Geosciences 5.6 6.1 7.5 80.9
6. Environment / Ecology 5.3 5.8 7.6 76.2
7. Physics 5.1 5.22 7.1 73.3
8. Space Science 10.1 10.0 11.4 87.9
9. Molecular Biology & Genetics 15.5 17.2 24.3 70.7

10. Microbiology 10.2 11.3 13.8 82.2
11. Immunology 11.5 12.9 19.3 66.7
12. Engineering 2.4 2.5 3.1 81.2
13. Social Sciences (general) 2.0 2.3 3.4 68.6
14. Agricultural Sciences 4.4 4.2 4.8 87.3
15. Psychiatry / Psychology 3.6 3.8 8.0 46.9
16. Pharmacology / Toxicology 5.6 5.9 9.2 63.3
17. Neuroscience & Behaviour 7.9 8.9 16.1 55.2
18. Materials Science 3.4 3.5 4.2 82.2
19. Mathematics 1.8 1.9 2.6 71.5
20. Multidisciplinary 2.2 1.7 2.8 59.0
21. Computer Sciences 1.8 2.0 2.4 80.7
22. Economics & Business 1.2 1.3 4.1 32.5

All fields 5.6



Although Brazil and India produce
more papers than South Africa in all 22 ISI
disciplines, their quality is not necessarily
better. South Africa is ranked higher than
both countries in terms of citations per
paper across all 22 disciplines (Table 5 in
supplementary material online).

Among African nations, Egypt outranks
South Africa in six disciplines: Chemistry
(29 vs 31), Engineering (29 vs 42), Materials
Science (29 vs 46), Physics (40 vs 43),
Agricultural Sciences (37 vs 38) and Phar-
macology and Toxicology (26 vs 35). On
the other hand, Nigeria outranks South
Africa only in Agricultural Sciences (27 vs
38) (see Table 6 online).

South Africa is falling behind some Afri-
can countries. In the period 1995–2004,
Egypt outranked South Africa in only
three areas: Chemistry, Engineering, and
Materials Science. South Africa continues
to outrank both Egypt and Nigeria in all
disciplines in terms of citations per paper.
However, compared with Kenya, a much
smaller country with fewer resources,
South Africa is outranked in 14 disciplines
in terms of discipline-specific citations.
Kenya’s higher rankings can be partly
attributed to the smaller number of
papers and greater collaboration with
industrialized countries. In all but one
field South Africa produces substantially
more publications than the east African
country (at least three times more) and
this higher value distorts the comparisons
of citations per paper. The Kenyan articles
that are highly cited are limited, and the
senior authors are collaborators from
Europe and America. The country is
primarily a field site with only limited
capacity being developed within its
borders. It is in only one field (Pharmacol-
ogy/Toxicology) that the number of publi-

cations is similar: 412 (Kenya) and 514
(South Africa) (Table 6).

Conclusion
This article presents the results of an

effort to establish a baseline with which
one can compare the impact of the
changes that are arising within the South
African research and development land-
scape. The study shows that the volume
of research publications in most disciplines
is increasing, with a few exceptions. This
expansion, however, takes place against
the backdrop of a general increase in
global output.

It appears that South Africa’s growing
research productivity does not reflect
global trends. As we have argued in the
discussion, what is of importance in
assessing a country’s research performance
is its position in relation to its competitors.
A nation may raise its publication output
and its world share, yet still lose ground in
its scientific standing. Scientific competition
is like running a marathon race. As long as
the participant keeps running as fast as or
faster than the other runners, he or she
may stay in the leading group and
competitors will have to keep trying to
catch up. If, however, the researcher (or
discipline) slackens off, the rest of the
field will pass and he or she will join the
stragglers.

South Africa is the dominant producer
of research publications on the African
continent, yet we have shown that the
country is being outranked by Egypt and
Nigeria in some disciplines. It is also clear
that the South African research community
has increased its international exposure
and its work is more highly cited than
elsewhere in Africa. The citations per
publication have been steadily increasing

in most disciplines, although the country’s
average for all disciplines is below the
global average. In establishing the
benchmarks and examining the impact of
policy changes, it is important to consider
both the absolute numbers of publications
and citations and international compari-
sons.
Received 6 May. Accepted 12 September 2008.
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Table 4. Publications in relation to national expenditures.

Country No. of publications Publications per GDP ($ billion) GDP purchasing Publications per R&D as % of GDP Publications per
(1996–2005) billion $ GDP (2006) (2006) power parity billion $ PPP (2006) (2003) billion $ spent on R&D

(PPP) ($ billion) (2003)

Brazil 110 206 116 943.6 1616 68.2 0.98 119
India 189 192 267 796.1 4042 46.8 0.85 278
South Africa 39 553 197 200.5 576 68.6 0.85 262

Table 5. Relative ranking of South Africa, India and Brazil in terms of publications and citations (2005)

Field Country ranking by number of publications Country ranking by number of citations

S.A. India Brazil S.A. India Brazil

1. Clinical Medicine 30 23 22 31 29 22
2. Plant & Animal Sciences 18 8 12 22 23 21
3. Chemistry 31 8 19 45 12 22
4. Geosciences 20 11 21 21 19 21
5. Biology & Biochemistry 36 15 21 37 22 24
6. Environment / Ecology 22 13 18 21 22 20
7. Physics 43 10 15 44 17 19
8. Molecular Biology & Genetics 37 20 18 36 29 22
9. Space Science 28 13 17 25 23 20

10. Microbiology 30 18 13 29 25 19
11. Immunology 29 21 16 25 23 20
12. Engineering 42 12 22 42 17 23
13. Social Sciences (general) 21 22 20 22 28 24
14. Psychiatry / Psychology 24 32 29 25 30 27
15. Neuroscience & Behaviour 40 24 13 39 32 20
16. Agricultural Sciences 38 4 11 34 18 20
17. Pharmacology / Toxicology 35 11 16 38 19 21
18. Materials Science 46 9 20 45 9 23
19. Mathematics 37 14 17 39 23 19
20. Computer Sciences 38 17 25 37 20 28
21. Multidisciplinary 9 4 18 17 10 21
22. Economics & Business 33 27 36 37 28 32

All fields 35 13 17 35 21 23

Table 6. African country comparisons 1995–2006.

Kenya South Africa Nigeria Egypt

Discipline Papers Citations Papers Citations Papers Citations Papers Citations

No. Rank No. Rank No. Rank No. Rank No. Rank No. Rank No. Rank No. Rank

Clinical Medicine 1 444 50 13 824 46 7 342 30 55 500 31 1 675 47 5 770 58 2 930 44 16 628 44
Plant & Animal Sciences 1 426 43 6 038 42 7 462 18 29 869 22 1 225 44 2 530 54 1 590 42 4 091 46
Chemistry X X X X 3 040 31 15 839 45 455 72 901 79 6 220 29 18 098 42
Geosciences 115 73 984 54 2 594 20 15 732 21 213 53 419 88 677 39 1 773 47
Biology & Biochemistry 161 71 1 061 68 1 774 36 15 077 37 396 57 867 73 654 48 2 616 55
Environment / Ecology 587 40 3 720 39 2 471 22 14 360 21 564 41 1 248 58 662 38 1 869 52
Physics X X X X 2 018 43 10 544 44 X X X X 2 874 40 9 075 49
Molecular Biology & Genetics 73 68 1 513 55 593 37 10195 36 70 70 1 287 59 149 50 1 207 63
Space Science X X X X 1 006 28 10 084 25 48 60 256 59 168 47 589 50
Microbiology 265 44 3 206 41 775 30 8 790 29 144 51 908 59 384 42 1 736 47
Immunology 412 34 6 374 27 514 29 6 619 25 38 83 372 87 102 55 874 62
Engineering 81 87 203 87 2 091 42 5 230 42 396 64 487 75 3 710 29 6 677 36
Social Sciences (general) 317 45 1 446 36 2 076 21 4 825 22 481 40 712 43 185 55 360 58
Psychiatry / Psychology 30 68 132 67 939 24 3 538 25 97 51 678 42 63 57 282 53
Neuroscience & Behaviour 21 72 209 74 377 40 3 360 39 33 69 377 68 101 57 503 64
Agricultural Sciences 563 42 1 891 43 782 38 3 282 34 1 450 27 2 463 38 811 37 2 131 40
Pharmacology / Toxicology 55 71 393 67 559 35 3 268 38 392 45 908 54 1 085 26 3 782 33
Materials Science X X X X 859 46 2 968 40 142 68 242 74 2 300 29 4 639 36
Mathematics X X X X 987 37 1 839 39 X X X X 430 52 641 53
Computer Sciences X X X X 434 38 857 37 X X X X 270 49 430 44
Multidisciplinary 11 45 120 31 413 9 688 17 X X X X X X X X
Economics & Business 73 48 174 48 477 33 628 37 50 53 61 60 34 58 59 62

All fields 5 821 62 41 611 53 39 553 35 223 092 35 8 149 57 21 113 67 25 422 40 78 070 44

X denotes that the discipline did not attain the threshold (see text under Methods).
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