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Abstract




This article reports the findings of a scientometric analysis of South Africa’s research performance during the period 2000–2010. A multitude of government incentives were introduced during the period and their effects have appeared in the country’s research outputs. In contrast to earlier investigations, it was found that South Africa’s world share of publications is on the verge of reaching the highest contribution ever. South Africa improved its international ranking by two positions during 2000–2010 and was ranked 33rd in the world during 2010. It is argued that, provided the plan of the Minister of Science and Technology to increase the research and development expenditure in the country materialises,
South Africa may be on the verge of a scientific renaissance.



















Introduction




Science in South Africa has been the subject of a multitude of changes during the most recent 10 years. At the beginning of the decade (2001), social sciences researchers were introduced to the evaluation and rating system of the National Research Foundation (NRF).1 They joined natural science researchers and engineers in the evaluation and rating system of researchers in higher education that is based solely on previous performance and outputs in research. The Department of Science and Technology (DST) introduced the Ten-year Innovation Plan in 2007,2 and established the Technology Innovation Agency and the South African National Space Agency during 2008. The Intellectual Property Rights from Publicly Financed Research and Development Act, 2008 (Act No 51 of 2008) was also promulgated in 2008.
The DST Ten-year Innovation Plan2 sets high objectives for the innovation system in the country. The plan outlines the following vision for South Africa:
•	Becoming one of the top three emerging economies in the global pharmaceutical industry, based on an expansive innovation system using the nation’s indigenous knowledge and rich biodiversity
•	Deploying satellites that provide a range of scientific, security and specialised services for the government, the public and the private sector
•	Achieving a diversified, supply secured sustainable energy sector
•	Achieving a 25% share of the global hydrogen and fuel cell catalysts market with novel platinum group metal catalysts
•	Becoming a world leader in climate science and the response to climate change
•	Meeting the 2014 Millennium Development Goals to halve poverty
Similarly, the Department of Education introduced the New Funding Formula (NFF) for higher education institutions. The NFF was published in the Government Gazette (no. 1791) on 09 December 2003 and was implemented in the 2004/2005 financial year. According to Steyn and De Villiers3, the NFF financially supports the higher education institutions according to their research outputs (number of publications and number of postgraduate students produced).
The pinnacle of all initiatives probably was the DST Strategic Plan for Fiscal Years 2011–2016, which was accompanied by a statement by the Minister of Science and Technology, namely that ‘South Africa will be able to spend R45 billion on research and development by 2014 and reach its target for gross expenditure on research and development of 1.5% of GDP’4. It should be mentioned that the DST indicated that during 2008/2009 (the most recent year for which figures exist), the country spent R21 billion or 0.92% of GDP on research and development.5
The above initiatives should be seen in the context of past assessments, which invariably had identified a decline in the country’s science outputs. In a 1996 assessment by Pouris6, he commented, ‘It is an unfortunate irony that South Africa was relatively strong in science at a time when this activity was less crucial than it is today in determining economic performance and international competitiveness’. Similarly, after an investigation during 2003, Pouris7 stated that ‘the country’s publications are losing ground to scientifically emerging countries in Asia, South America and Europe and the decline in the late 1980s continues to characterise South Africa’s science’. Tijssen8 also confirmed the above findings.
This article aims to identify the country’s science performance to the year 2010 as the various incentives start to affect the system. The questions that were asked are:
•	How is South African science faring during the last 10 years as it is manifested in the number of publications with at least one South African address?
•	How has South Africa’s share of world publications changed during the recent decade?
•	Which are the major scientific disciplines emphasised by the country’s research system in terms of activity and impact?


















Method




Bibliometric analysis is used internationally for the monitoring and assessment of research systems. The philosophy underlying the use of bibliometric indicators as performance measures has been summarised in De Solla Price’s9 statement that ‘for those who are working at the research front, publication is not just an indicator but, in a very strong sense, the end product of their creative effort’. The use of bibliometric indicators has a number of advantages. For example, they are consistent in the sense that they are clearly defined and unambiguous. They also allow categorisation, which makes it possible to quantify performance in particular scientific disciplines and to make international comparisons.
In the United States of America, the National Science Foundation10 uses bibliometrics to monitor the health of American science and technology on a continuous basis; in Europe, the European Commission11 uses similar approaches to monitor the health of the European innovation system and the Organisation for Economic Cooperation and Development12 uses indicators for monitoring and comparative purposes. Similarly, following the example of Braun et al.13, a number of research articles that are published annually assess research systems,14, 15 disciplines16, 17 and relationships in the research system.18, 19 Recently, Schmoch and Schubert20 investigated the possibility of substituting peer review with bibliometrics in order to alleviate the difficulties of peer reviews. The uses of bibliometrics are wide and expanding.
A prerequisite for any bibliometric analysis is the use of an appropriate database. The ISI-Thomson Reuters databases (Science Citation Index Expanded, Social Sciences Citation Index and Arts and Humanities Citation Index) were identified as the most appropriate for the objectives of the investigation. The combined databases comprehensively cover the most prestigious journals in the world in all fields of research endeavour and constitute a unique information platform for the objectives of this effort.
While the ISI-Thomson Reuters databases are among the most comprehensive sources of readily accessible information on national research outputs, they have certain limitations that have been discussed extensively in the literature. Criticisms emphasise that ISI covers English language journals only; the coverage of countries in the scientific periphery is not adequate; the average statistics used for estimating the impact factors are inappropriate as citations do not follow a normal distribution; journal coverage is better in life sciences than in the physical sciences and others.21,22
However, for South Africa these databases are particularly appropriate, as there is an effort by educational authorities and university administrations to direct researchers to publish mainly in journals included in the ISI-Thomson Reuters databases. Although a degree of incompleteness in coverage may exist, the majority of research in the field will thus be captured in the databases. 
The indicators reported for the assessment are the country’s contribution in terms of the number of publications in the international literature, the country’s share in the world literature, the activity index and the relative citation index.
The activity index is defined as the ratio of the country’s share of the world publication output in a given field to the country’s share of the world publication output in all science fields. An activity index of one indicates that the country’s research output in the given field corresponds to the world average; an indicator larger than one reflects a higher than average emphasis in the field and vice versa. Similarly, a relative citation index above one indicates that the country’s publications in the particular field attract more than average citations and an index of less than one indicates that the field attracts fewer citations.


































































South Africa’s research performance




Figure 1 shows the number of South African publications for the period 1980–2010. After a long period of consolidating around 3500 publications per year, the number rose steeply between 2004 and 2010. In 2010, the database contained 7468 articles with at least one South African address.
Figure 2 shows the country’s share of the world’s publications for the same period. The share indicates a peak during 1987 (0.65%) and then a decline, which appears to have reached its lowest point in 2003 (0.47%). Since then, the share increased gradually to 0.65% in 2010 and reached the 1987 peak.
These figures should be seen in context. It has been argued that what is of importance in assessing a country’s scientific research performance is its position in relation to its competitors7:
A country may increase its number of publications 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 strugglers.
The above point is shown in Table 1. Table 1 shows that South Africa was ranked 35th in the world in terms of its number of research publications during 2000. In 2010 South Africa was ranked 33rd – an improvement of two positions – although the country more than doubled its number of publications. During that period South Africa overtook Argentina, New Zealand, the Ukraine and Hungary, but Portugal and Iran overtook South Africa in the same period.

From Table 1, it is interesting to note that the BRIC (Brazil, Russia, India and China) countries are all scientifically stronger than South Africa in terms of scientific knowledge produced. In 2010 China produced 124 822 publications, India 40 711, Brazil 31 274 and Russia 26 374. During that year, South Africa produced only 7468 publications. While South Africa has become the fifth member of the group, any efforts for scientific collaboration should take into account the differences in scientific capabilities.
The performance of the country’s main scientific disciplines was also investigated. Table 2 shows the world share and activity indices of 22 scientific disciplines for the two periods 2000–2004 and 2006–2010. Only three scientific disciplines exhibited a decline in their world share over the period – Geosciences, Molecular Biology and Multidisciplinary. Plant and Animal Sciences remained static, contributing 1.57% of the world literature.
The activity indices for 2006–2010 show that Space Science, Immunology and Social Sciences have moved into the fields of revealed priorities that are overemphasised in the country (activity index above one). However, a number of important disciplines like Materials Science, Molecular Biology and Engineering are underemphasised.
In comparison with the findings during the 1990s,7 Social Sciences appear to be the discipline with the highest growth. This field grew from a world share of 0.52% during 1990–1994 to 1.22% during 2006–2010.
Table 3 shows the relative citation index (an indicator of research quality) of the various disciplines for the periods 2000–2004 and 2006–2010. An index of one means that the average South African article in the particular discipline attracted the same number of citations as the average article in the discipline in the world. Only three disciplines out of 22 appear to have deteriorated during the period – Computer Science, Molecular Biology and Psychiatry/Psychology. The country’s relative citation index has increased from 0.69 during 2000–2004 to 0.88 during 2006–2010.
















Discussion





South Africa’s scientific performance during the period 2000–2010 was analysed. The analysis identified that research publications in South Africa are on an ascending path. The country’s world share of publications is on the verge of reaching its highest contribution in history. Finally, the country improved its international ranking by two positions during the period, and was ranked 33rd in the world during 2010. It is interesting to briefly discuss the forces that contributed to the growth of science in South Africa.
Kahn23 investigated the country’s publications for two periods (1990–1994 and 2004–2008) and suggested that the growth during these periods was the result of a multiplicity of factors. He stated:
There are greater rewards for publishing; there is a shift toward health science fields with high publication rates, there are more South African journals indexed by the Web of Science in which to publish, there may be more PhD students available to assist with research and the system is more open for co-publication with foreign parties.
Figure 1 also shows the timeline of a number of interventions or changes that may have affected the country’s publication performance. The introduction of social sciences researchers into the NRF’s scope, the increase in the number of publications covered by the ISI-Thomson Reuters databases and the provision of incentives by the Department of Education to universities are some of the important instruments that were introduced during the period.
Inglesi-Lotz and Pouris1 used the ‘before/after control impact (BACI) method’ in order to identify the impact of the NRF researcher rating system on the Social Sciences publications in the country. They found that the number of Social Sciences’ publications in South Africa was increased by 24.7% after 2001 because of the NRF’s evaluation and rating system. While the authors explained the increase to be as a result of the inclusion of the Social Sciences, it should be mentioned that this discipline contributed only 10.6% to the country’s publications (2008). An estimation of the number of South African publications published in the journals added in the databases during 2008 (700 additional journals) by ISI-Thomson Reuters, indicates that this contribution is approximately 450 articles per year.
Kahn23 speculated that increased collaboration of South African researchers with those abroad is also an important factor. However, the collaboration argument cannot explain the radical increase in the number of publications after 2004. International collaboration increased from 7.9% of the total number of SA articles in 1980 to 47.2% during 2010. However, most of the growth took place during 1990–1995 and 1995–2000.
The across-the-board increases in the number of publications suggest that the increases were the result of a factor which was introduced during the early 2000s and affected all scientific disciplines.
The obvious intervention appears to be the NFF for higher education institutions. The new funding framework for higher education institutions was published in terms of the Higher Education Act, 1997 (Act No. 101 of 1997), in the Government Gazette (No. 1791) on 09 December 2003. The new funding framework was implemented in the 2004/2005 financial year.
The NFF financially supports the higher education institutions according to their research outputs (number of publications and number of postgraduates).3 Universities receive approximately R120 000 (US$17 000) for each article a staff member produces. Universities, in turn, provide incentives to their members of staff to improve their publication profile.
It should be mentioned that the funding system has a long history. Reynhardt24 has identified that the country’s research system was suffering from three challenges in the 1970s: resources for research and development were limited; the higher education system did not produce enough graduates and there was an emphasis on teaching among academic staff. It was in that environment that the funding of universities was linked to a funding formula as suggested by Melck25.
It becomes apparent that the particular policy instrument has yielded the desirable effect – an increase in the number of the country’s publications. It should be emphasised, as we mentioned earlier, that since the early 1980s, the government has funded universities at least partially according to their research outputs. However, it seems that the amount allocated for research publications reached a critical threshold only during the 2000s. Similarly, the universities started to transfer the incentive to individual authors only recently.
The funding formula is not perfect by any means and a number of critiques have been published.26, 27 A recent article28 provides a list of problems and shortcomings and even suggests alternatives to the current system. Addressing a number of these problems would provide further impetus to the system. For example, Vaughan28 has identified that ‘there are six institutions which earn a greater development grant than actual grant, thus establishing a perverse incentive’. Similarly, it is mentioned that differences in publication patterns among disciplines are not recognised by the formula. Obviously, if the Department addressed these concerns appropriately, the funding formula would become a more potent instrument.
Provided that the existing incentives continue and the plan of the Minister of Science and Technology to increase the research and development expenditure in the country materialises, South Africa may be on the verge of a scientific renaissance.
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