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The PhD and South Africa’s Research Capacity

Ahmed Bawa (University of KwaZulu-Natal, South Africa)

South Africa’s higher education system has its roots in the nation’s colonial and Apartheid past. This has shaped a deeply fragmented legacy upon which the building blocks of the new system must draw. In this presentation on the state of PhD studies in post-Apartheid South Africa, reference must be made to this legacy and its impact on the way that the new thinking around doctoral studies has evolved.

In the run-up to the first elections in 1994 a host of studies were initiated by what was then the national liberation movement relating to the science and higher education systems. The purpose of this had been to position the government in waiting to develop a programme of action on which it was to enter the elections and then to provide the basis for a substantial policy development process in the post-election process. These studies revealed many interesting and challenging issues of which, for the purpose of this paper, a few are listed here.

Fragmentation of Higher Education System


The higher education system was seen to be fragmented in various ways. First of all there was the traditional split between ‘mind’ and ‘hand’ represented by the silos around the ‘universities’ and the ‘technikons’ and the ‘technical colleges’. These not only represented different forms of institutions they represented different systems of education so that the level of disarticulation between the systems was profound. There was little if any teaching or research collaboration amongst these kinds of institutions and the there was very little opportunity for a coherent programme of student transfer between them. This disarticulation was accompanied by a substantial level of non-differentiation amongst institutions in each of the three sectors. But more importantly this disarticulation led to an incoherent approach to high level human resource development. Thus we had the situation of having the universities running substantial access programmes without systemic approaches to seeking to develop the capacity of the technical and further education and training colleges to perform this function. But the colonial origins of the system also meant that the system was significantly inverted in terms of enrolments, with there being more students in universities than in technikons than in the further education and training colleges. This resulted in poor levels of efficiency and effectiveness. 


But the higher education system was fragmented in another way. Following in Apartheid’s imagination, the universities and technikons could be classified in another way into two broad categories: the historically white institutions and the historically black ones. The former were created in the image of the universities of Europe and were always conceived of as having a high-level research function and shaped their imagination and their ethos. Needless to say they were funded in a way that would support such a high level research function. Until the mid-eighties, these historically white institutions were predominantly white in terms of their student bodies and in terms of the professoriate. The historically black institutions, on the other hand, like their counterparts in what Mahmood Mamdani has called ‘middle Africa’ – Africa south of the Sahara and north of the Limpopo – in that these were conceived of primarily as producers of civil servants, professionals to serve the local (own) populations and certainly not as institutions driven by the desire to produce new knowledge. They were funded in these terms and were measured in terms of their performance in these terms. In terms of the purpose of this conference, the technikons and historically-black institutions, while they had doctoral programmes on their books and did indeed offer them, they were extremely ineffective and inefficient at graduate education. The advent of taught Masters programmes breathed some life into the enterprise.


The third form of fragmentation that pervaded the system was that between the universities and the science councils such as the Council for Scientific and Industrial Research, which may be regarded as being similar in concept as that of the national laboratories in the USA. In a science system as small as that of South Africa’s this kind of disarticulation comes at high cost. For instance, the fragmentation of highly qualified researchers in different science sectors reduces the capacity of the system to generate high level science human resources. And perhaps as importantly, the lack of formal mechanisms for articulation between the different science sectors provides the basis for deeply entrenched research silos to develop on the one hand and significant mission creep on the other hand.    

Disarticulation


One of the findings of pre-1994 studies and surveys related to the massively high levels of disarticulation that existed between the universities and broad needs of society. Needless to say these ‘broad needs of society’ were not simply those defined by the Apartheid regime, a set of needs that pertained to the ‘Europeanised’ elite in an ‘Europeanised’ environment. Hence we had the situation that whilst the South African higher education and science systems could produce the world’s first heart transplant it fails (even today) to help the nation deal with the basic disease of poverty and deprivation such as Cholera, Tuberculosis and the onslaught of HIV/AIDS. Such disarticulation pervaded all forms of the nation’s science and higher education systems.


 This disarticulation had another very important diagnostic. For the level of scientific output the level of industrial innovation was extraordinarily low and the key measure of this is the failure of the system to give rise to larger numbers small high tech industries/companies on the one hand and the failure of South African large industry to break into global markets except in a small number of sectors. Another representation of this is the poverty of the system’s outputs in terms of patents. 

Race and Gender Imbalances


The system described above could only produce a science system that was deeply imbalanced in terms of South Africa’s race profiles. This was due not only to the fact that the historically black institutions were deemed to producers of human resources for the local civil service but also due to the abject failure of the township and rural school systems which severely affect the ability of universities to address the race imbalances in a significant way. But there were other more structural issues that militated against this addressing this issue. The first is that there were few if any employment opportunities for black science specialists – taking into account various legislative frameworks such as the Job Reservations Act. 


The numbers are bleak. About 80% of South Africa’s science human resource base is white and about 80% of people in academic training is black. Approximately 90% of the scientific output of the country is by white scientists. If South Africa’s science system is to grow and compete, as indeed the government hopes, then there is no alternative but to take up the number of scientists, engineers, etc. primarily in the black community. 


The gender imbalances follow very much the international trends. Hence in the natural sciences the representation of women in the engineering, mathematical and physical sciences remain very low. But the level of participation of women in the biological and medical sciences is significantly higher.

The New Higher Education Landscape


The policy process that unfolded through the establishment in 1995 of the National Commission on Higher Education led to a new Higher Education Act which sought to create a new system – reflective both of the negotiated construction final report of the Commission and the construction of a post-Apartheid system. 


Many changes have been imposed on the system. For the purposes of this paper we describe just two of these changes. The first is the considerable change in the nature of the institutional landscape. The universities and ‘technikons’ were constituted into a single system bound together by a National Qualifications Framework, a common funding formula and a common quality system led by the Higher Education Quality Committee of the Council on Higher Education – a statutory body defined by the Higher Education Act with the mandate of advising the Minister of Education. It has an independent (of the government) Board. The institutional landscape has now entered a fairly dramatic stage with the announcement in 2004 by the Minister of Education of a set of institutional mergers. 


 The other major change has been in the way that the national budget investment in higher education is distributed in terms of the subsidy elements. But we shall return to this later.

The nature of South Africa’s degree system

The degree system in the South African higher education system is based upon a twelve year school track beginning at age six and progressing to age seventeen. Students obtaining a certain level of pass with fixed course selections qualify for entrance into university study. Entry into undergraduate programmes may make specific demands in terms of the structure of the school package and performance in one or more components of the package.


The Bachelors degree may be three-year programmes or four-year ones. The latter are usually professional qualifications such as Engineering, Accounting, Law, etc. while the former relate to the general qualifications such as the Bachelor of Arts, Bachelor of Science, Bachelor of Social Science, Bachelor of Commerce, etc. The Bachelors degrees usually require a fairly substantial level of specialization in two majors. Thus a person graduating with a major in Physics would for instance have a second major in Mathematics. 


About 15% of the students graduating with the general Bachelors qualifications go on to one or other of the one year Honours degrees which are regarded as postgraduate qualifications. So there are Bachelor of Arts Honours, Bachelor of Science Honours, etc. These are intense specialization courses and though they usually have a project component the emphasis is mainly on the coursework. Usually the nature of the Honours programme is aligned with the research agendas of the departments offering it. Thus it is highly unlikely that a Physics Department which does not have any research interests in the area of ‘the physics of renewable energy’ will offer such a course. 

The Honours qualification is a necessary entry requirement to a Masters programme of study though there are three exceptions to this rule. First, students who graduate with one of the four-year professional qualifications may proceed directly into a Masters programme in that area of study. Second, there are some Masters programmes which have been approved by the National Department of Education which are regarded as (and are funded as) two-year programmes. These are allowed to take students in directly from a Bachelors degree onto a two-year set of courses and research activity. Third, students who may not have the necessary entry requirements but who have other forms of substantial experience may apply to the institution for the application of special discretion for entry. Most universities have such a facility.

  There are several kinds of Masters programmes. Except for the two-year programme described in the last paragraph, all of them are nominally one year in length as a metric for the purpose of subsidy allocation. Most students take longer than a year to complete the degree. Many departments at universities offer Masters degrees which are ‘pure’ research – meaning that there aren’t any formal coursework requirements. It is necessary to recollect that such a programme will sit upon an intensive Honours programme. Of course in the case that the supervisor determines that a student requires some additional coursework he/she might require the student to take the course. These are often referred to as ‘Research Masters programmes’.

The ‘Coursework Masters programmes’ refer to, as the name implies, programmes of study which lead to a Masters degree which have both a coursework component and a research component. The size of the research component varies. The National Department of Education requires the research component to hold at least 50% of the total credits for the qualification to result in the full subsidy per FTE. This is of course a mechanism to prevent the outright proliferation of the coursework Masters programmes which have small research profiles. This implies of course that there has been an exceptionally large expansion of offerings of this nature in recent years – mainly as a means to respond to immediate market needs and as a means to attract fee paying students and subsidy allocations. And some of the more established research institutions require at least a 50% research component for entry into PhD study.

The Nature of Doctoral Study


Doctoral study in South Africa is pinned on a programme of study leading to a PhD. This is nominally a three-year research-based programme. Though there are no formal coursework requirements on the basis that the programme is necessarily built upon the masters and honours qualifications, many doctoral programmes do now expect students to take courses. 


While the National Qualifications Framework and the South Africa Qualifications Authority establish the broad requirements in terms of the accreditation and funding schemes, the Senates of institutions determine the philosophy, nature, supervisory policies, the establishment of student-supervisor contracts, etc. 


Most doctoral study programmes continue to be concentrated in the disciplines there is an expansion of programmes in interdisciplinary spheres such as Development Studies, Culture and Media Studies, Environment and Development, etc. As may be expected the proliferation of these programmes brings structural tensions into play in the way in which universities organise themselves.


In the professional areas there is an ongoing discussion about the need for, the efficacy of and the wisdom of creating PhD-equivalent qualifications that are seen to be more practice oriented and which serve the professions in a way which it is assumed that PhDs can’t. Thus these discussions are ongoing in the areas such as medicine (MD, Doctor of Clinical Medicine), Psychology (DPsych), Law (JD), Education (EdD) etc. There has been neither a serious challenge from within universities for these qualifications nor any perceived interest in the Department of Education for these to be recognised and funded. 


The reason that it is important to raise this issue is that in a system which is small these kinds of realignments cause significant instability and with often unexpected and potentially dangerous outcomes for the ultimate balance of the system. 


An allied issue which has implications for this discussion is the transformation in the funding of science by the Department of Science and Technology and the Department of Trade and Industry. One way of addressing the disarticulation of the higher education and the rest of the science system from the development of a culture of social/cultural, technological and industrial innovation was to implement large funding drivers to encourage the system towards the development of large-scale projects to help to create a culture of innovation. This kind of funding also pushed the graduate programmes towards interdisciplinarity and Mode 2-type research. Similar approaches were adopted by the National Research Foundation (the South African counterpart of the National Science Foundation) and other research funding agencies. The nature of the impact of this kind of research driving is yet to be properly understood although early studies indicate that these drivers are indeed significantly shifting the research profile of the higher education institutions. We don’t quite know just what the impact of this is on the national research profile.

The State of South Africa’s Research Community


A recent set of studies indicates a number of serious issues related to the state of South Africa’s research community and the national human resource development project related to this. The PhD is seen as the central programmatic mechanism to grow the scientific community and it is increasingly clear that there are significant problems with the state of PhD education and therefore the development of the next generation of South Africa’s researchers. This has enormous implications for the medium to long-term sustainability of the system.


At a recent meeting convened by the Ministers and Departments of Science and Technology and of Education, several important and potentially devastating issues were highlighted. The meeting was convened to discuss the development of human resources necessary to prepare South Africa to be a globally competitive player as a knowledge producing nation. In very broad brush-strokes the following issues provided the basis for this meeting. We repeat some these below.

Surveys carried out by the Department of Science and Technology for 2000-2003 indicate a 4% loss in the number of permanent academics with doctorates at SA universities during this period. This is reflective on the one hand of tensions between the challenges of building a long-term sustainable system and the needs for the eradication of race and gender imbalances in the system and on the other hand it is an indication of the failure of the higher education system to remain competitive as an employer of choice for strong researchers. This latter is a reflection of two kinds of brain drain: an internal one and an external one.  Analysis shows that a PhD is now held by 82% of professors, 67% of associate professors, 38% of senior lecturers and 13% of lecturers. In terms of actual numbers the numbers of academics at universities with PhDs declined from 4469 (40.9% of total academic staff) in 2000 to 4134 in 2003 (37.4%).  

This phenomenon is reflected in the size and shape of the national public research workforce. The table given below provides some sense of this. Between 1991 and 2001/2002 there has been a 6 700 FTE decline in what is referred to as the public research and development – a shocking 42% decline. This has happened during a time when there have been clear an unambiguous policies and financial commitments to the bolster the capacity of the nation to grow into a knowledge-based society and economy. It has happened at a time when the funding of science has begun to grow! 

The internal brain drain is therefore clearly not into other public sector research and development activities but into other forms of employment. And while studies indicate that the external brain drain is substantial the impact of this on the system is not yet fully developed. Thus exactly at the time it is necessary to take up the production/development of new researchers, the capacity to do at SA universities is in dramatic decline. 

R&D Workforce (1991-2001/2) Full Time Equivalents 

	SECTOR
	CATEGORIES
	1991
	2001/2

	Higher Education 
	Researchers
	5 984
	3 424

	
	Technicians
	289
	217

	
	Support Staff
	260
	231

	
	Total
	6 533
	4 042

	Government (incl. Science Councils) 
	Researchers
	3 629
	2 134

	
	Technicians
	2 384
	1 344

	
	Support Staff
	3 437
	1 842

	
	Total
	9 450
	5 171

	ALL SECTORS
	GRAND TOTAL
	15 983
	9 213


Sources:  1991: SA science and technology indicators, and R&D Survey 2001/2 
 

In fact the situation is more serious than it may seem from this set of data. This data does not reflect the progressive aging of the SA research workforce. One measure of this is that while in 1990 18% of all articles produced by SA scientists were published by authors who were 50 years old or older, the comparable percentage for 2002 is 48%. This appears to be a devastating set of figures especially in the context that as the government and private sectors increase their R&D spend, it is highly unlikely that there will be the capacity to take up this spend.  A survey carried out the Human Sciences Research Council in 2003 (Kraak, 2003) predicted a shortage of more than 6 500 academics over the next 5 years. 

How is this seen and experienced? On the one hand there is the inability of universities to make high level appointments in most disciplines. This is now clear and unambiguous and there is a growing fear that there is not enough time for the SA higher education system to replenish its stock simply through the local development of a new generation of researchers. Another measure is that SA’s scientific output based on ISI has had a steady declined in the production of publications from 0.7% of world share in 1987 to 0.49% in 2000 and in fact if one takes into account non-ISI publications it has been fairly stagnant over the last ten years. This is the case even though SA’s R&D budget increased from 0.76% of GDP in 2001/2002 to 0.81% in 2003/2004.  The target is to increase to 1.0% of GDP by 2008. There is deep concern of course, within government circles whether the currently constituted scientific community will permit the effective, productive and efficient uptake of this substantial increase in funding. 

How to address this issue

The nature of discussion has to take into account the local conditions and contexts. What are the key relevant ones? 

· The first is that the growth in South Africa’s economy in recent years is predicated on the emergence of knowledge-based, high-tech industries. And whilst much of the research and development is done in industry and which in turn draws heavily on work done in international laboratories there is a growing concern of the lack of synergy/connection/articulation with the research activities of universities and science councils. In 2003/2004 the business-sector spend on research and development is 55.5% of the overall national spend. Thus there powerful economic arguments for the development of a strong national research base.

· On the other hand there is a substantial failure in the production of high level human resources in the areas that are relevant to the reconstructive needs of this dramatically bipolar society. For instance, while this is a science system that manages to produce the highest level of human transplant technology, we have an abundant infectious disease profile for which we do not produce sufficient specialists in infectious diseases or epidemiology.   

· This of course explains why it is that, in the face of enormous other national challenges like housing, health, education, water reticulation, etc. the national state wishes to and insists on making a major investment in research and development. Thus there is the commitment to take up this spend to 1% (from 081%) of GDP over the next 3 years. This has enormous implications for the production of high level human resources during this next period. Early assessments indicated that some 7000 new researchers are required by 2008 to create a research community that will be able to make maximal use of the increase. 

· The overwhelming race imbalances in the national system mean that it is not possible to think about this and other higher education challenges without addressing the issue of broadening/redressing the representivity of the different race groups and to move towards an equitable distribution. And of course the racialization of South African society means that we continue to have a dysfunctional school system in the poor (and hence predominantly black) areas of the country. It should be remarked here that approximately 90% of the research output is carried out by white scientists and researches – this in a country where about 80% of the population is black. Attempts to address this through a laissez-faire process has failed and more directed, purposive approaches have to be adopted. And we shall describe some of these later on.

· The higher education participation rate of about 18% is large by sub-Saharan African standards but it is a small base for a country that wishes to take the high-knowledge route. And this is exacerbated by its inefficiency and ineffectiveness in terms of throughput rates.

· Higher education faces a challenge of legitimacy in a social and political environment which demands alignment/realignment with the political goals defined by the important emergence a pan-African intellectual discourse captured powerfully for instance by the notion of a prophetic African Renaissance and the development of knowledge frameworks which address multiple complexes of systems of which the scientific method is one. The University of KwaZulu-Natal has adopted a vision which defines it as the premier institution for African scholarship. This brings enormous stresses to bear on a higher education system which is so set in a particular paradigm though there are increasingly interesting approaches emerging to address this issue. 

· The aging professoriate has to be a powerful consideration in the shaping of new approaches and especially if it is not fully clear that that professoriate may be able, capable or willing to play the role of purposefully and dedicatedly addressing this issue of substantial capacity development.

· The failure of the National System of Innovation to build a coherent platform for the development of high level human resources is also an important consideration in the context that the overall science system is so small.

· South Africa has an ambiguous approach to inviting either the emigration of scientists from other countries into the system or the utilization of 

· The universities face enormous pressure to widen access to higher education. In some senses this presents a tension since the Department of Education has capped growth in the sector on an institution by institution basis. Universities must then turn to a review of the shape of the institutions to assess how to manage both challenges.

This is a sample of the kinds of philosophical, policy and implementation challenges that face the sector. 


The fact that the PhD is seen as vehicle to address this multifaceted challenge has to do with the fact that the higher education and science systems see continue to see them selves as part of the global system. There is full recognition that the production of PhDs depends fundamentally on the capacity of the system to perform research, the need for a suitable research infrastructure and the existence of a suitable (if not vibrant) ethos. 


The throughput of PhDs is derisively small. For the last ten years only 10% of registered PhD students have graduated. In real numbers the system has about 8 000 students and about 800 graduate. But more importantly for every 500 first entry students, only one PhD is generated. In comparison say with India, where 1 PhD is produced for every 0.01% of the population, South Africa’s output is about a tenth, 1 PhD for every 0.001%. Hence the need for a major overhaul of PhD programmes and the need for a national approach rather than an institutional approach to the challenge.

 Innovations
If the number of PhDs in the national system is to be the measure of the capacity of the system to be sustainably enabled to meet the challenges of a nation at the stage of development that the country is at, then there are just four ways of addressing this matter and none is exclusive of the others though one or the other may be more high risk than others in terms of the importance of this issue to national development. What are these? 

The first is to find ways of encouraging universities to significantly improve the throughput of PhD students, which currently rests at about 10%. This will entail taking a hard look at why students are not graduating and what kinds of capacity are required to achieve this. 

The second is to develop the capacity and the will of universities to significantly scale up their graduate programmes but with the view to understating how to shift students through M programmes to PhDs. This may require new funding approaches to emerge within the research funding agencies such as the National Research Foundation (NRF). One immediate way of doing this would be to require all academic staff at universities to register for and progress towards PhDs and for universities to use push and pull strategies to achieve this. One example of this are the equity strategies that have been adopted by some of the larger historically white institutions, such as UKZN’s LEAP programme.  

The third is to develop special strategies to attract researchers from other parts of the world either as short- to medium-term periods on a long-term basis.

The fourth is to do what many other developing nations do which is to send young South Africans to other systems o higher education to progress through PhD programmes and to do this in a strategic way.

As was mentioned at the beginning of the paper this is a paper about a national approach to a national challenge. Recent discussions are focusing on the following. 

· Encouraging universities to address this matter in more assertive and proactive ways.

· Building a National System of Innovation approach to the problem and in particular to understand how to optimise of the deployment of the national capacity in the supervision of students and in increasing the sites/contexts of study.

· Pooling higher education supervisory and coursework resources together in building graduate programmes across two or more institutions

· Reviewing the strategic thinking of the research funding agencies as a means to develop a more coherent approach to understanding the relationship between the funding of research and the production of high level human resources. It may be necessary to consider a reversion to the definition of the role of the Foundation for Research Development (the forerunner of the NRF) defined in the FRD Act which was the creation of high level human resources through the funding of high quality research. The NRF Act defines the role of the NRF is knowledge production terms and delinks the production of human resources from the the production of human resources.

Some important and interesting steps have already been taken. 

The Higher Education Funding Formula
The Department of Education has reshaped the higher education subsidy system to allow the universities to play the push-pull game in terms of graduate studies. There is a full understanding that this is fundamentally built on the capacity of universities to perform research. The funding formula takes this into account as well. However, this does not mean that the universities are responding positively to these subsidy pressures. In fact there is sufficient evidence to indicate that these institutions are not deploying these ‘directed’ resources in a directed fashion. The subsidy resources generated through PhD studies are largely directed into the general university pool. 

Reshaping the Relationships of Institutions within the National System of Innovation


In the post 1994 period, in response to the issue of fragmentation the National System of Innovation was conceived as a way to permit the relevant institutions to work coherently within a common framework. But it would appear that one of the outcomes of the process was the development of an ethos of non-differentiation, an ethos that all institutions should be ‘relevant’ to the needs of development meaning, that they should all be involved in activities that appear to be directly relevant to the needs of the macro-economic strategy. The funding frameworks drove the system in a particular direction too, towards income generation, vicious cuts in spending, etc. This lack of differentiation produced a lack of specialized focus and a disastrous competitive edge within the system. It left the NRF performing the driving of ‘relevance’ within the higher education system instead of focusing on its core function, the development of the research capacity of universities and their researchers. It must therefore be necessary to reshape the relationship between the institutions within the National System of Innovation – perhaps utilizing a differentiated but articulated approach. 


One of the terms of the national Science and Technology Green Paper was that graduate studies should be performed and supervised wherever public resources were invested in research and development activities. This has never been implemented and perhaps this could become a mechanism to initiate a discussion for the development of a new relationship between the science councils, private sector laboratories, universities and research funding agencies.

Building National and International Partnerships

In areas in which national capacity may be limited there are already excellent examples of partnerships between institutions in the building of graduate programmes. These institutions need not necessarily be only universities. One of the characteristics of the unfolding knowledge era is the diffusion of knowledge production into the private and public sectors and with this comes the shift of capacity. The scale of the South African system is such that this diffusion has potentially serious implications for the capacity of higher education institutions to offer high level supervision. But such partnerships also contribute to the assembling of the National System of Innovation.

These partnerships could be based on the foundations of joint research activities which will facilitate not only the joint offering of courses but joint supervision as well.


The establishment of such partnerships might lead to the development of networks which in turn might provide graduate students with the opportunity for diverse and complex learning/investigative spaces. 

