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Glossary

Age at graduation

Respondents were asked to indicate their date of birth. Together with
respondents' date of graduation, as captured in the South African Thesis
Database, respondents' age at graduation was calculated.

Current employment

Respondents were asked a range of questions about their employment
position at the time they completed the survey. We refer to this position
as current employment or most recent employment position.

Employment status during
doctoral studies

One of the key concepts used in this study is the employment status of
doctoral graduates during their doctoral studies. We define full-time
enrolment as doctoral students who are not employed full time during
their doctoral studies. Part-time enrolment refers to graduates who
were employed for more than 30 hours during a typical week while
enrolled for their doctoral studies.

Gender

Respondents were asked to identify their gender and three categories
were recorded: female, male and other. The third group was not
included in our gender analyses given the small number of respondents
in this group.

Geographic mobility

Geographic mobility refers to the movements between countries and
operationalised in this report as the movement between regions (South
Africa, the rest of Africa, and the rest of the world).

Intersectoral mobility

Intersectoral mobility refers to the movement of graduates between
sectors at different stages in their careers.

We define sectors of employment as the following:

1) The higher education sector includes (a) universities, colleges of
technology and other institutions providing tertiary education,
whatever their source of finance or legal status; and (b) research
institutes, experimental stations and clinics under the direct control
of or administered by or associated with higher education
institutions.

2) The public or government sector includes (a) departments, offices
and other bodies that furnish, but normally do not sell to the
community, those common services, other than higher education,
which cannot otherwise be conveniently and economically
provided, as well as those that administer the state and the
economic and social policy of the community; and (b) non-profit
institutions controlled and mainly financed by government, not
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administered by the higher education sector. This sector includes
national, provincial and local government.

3) The business enterprise sector includes (a) firms, organisations or
institutions whose primary activity is the market production of
goods or services (other than higher education) for sale to the
general public at an economically significant price; and (b) the
private non-profit institutions mainly serving those firms,
organisations or institutions.

4) The "other" education sector includes institutions providing pre-
primary, primary or secondary education.

5) The private non-profit sector includes (a) non-market, private non-
profit institutions serving households (i.e. the general public); and
(b) private individuals or households.

Managerial responsibilities

Managerial tasks are defined as controlling or administering an
organisation or group of staff.

Mobility

Two themes regarding mobility are explored in this study, namely,
(1) intersectoral mobility and (2) geographic mobility.

Nationality

The aim of the study is to trace doctoral graduates from South African
universities. In some cases we refer to South African doctorates as
referring to all graduates who obtained their qualification from a South
African university.

In cases where we refer to South African graduates specifically, in other
words graduates who have South African citizenship, we make this
distinction clear.

We asked survey respondents to indicate their citizenship status during
two stages in their careers: (1) citizenship status and country while
studying for the PhD and (2) citizenship status and country after
graduation with a PhD.

Respondents' citizenship status during their PhD studies was used as
proxy for nationality. In our analysis of the survey results we report on
respondents' citizenship status in three categories: (1) South African
citizens, (2) citizens of an African country (rest of Africa), and (3) citizens
of a country outside of the African continent (rest of the world).

PhD

The unit of analysis of this study is doctoral graduates. This includes
graduates who completed their PhD or any other doctoral qualification
from a South African university. Throughout the report we refer to the
PhD or doctorate as a doctoral qualification.

Postdoc

South African doctoral graduates who accepted a postdoctoral
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fellowship upon completion of their doctoral degree (although the
majority are no longer in postdoctoral positions).

Research responsibilities

Research is defined as being engaged in the conception or creation of
new knowledge, products, processes, methods and systems.

STEM

Survey respondents were asked to indicate the field in which they
completed their doctoral studies. We cross-referenced the reported
disciplinary field with the respondent's thesis title as captured in the
South African Thesis Database and used the Classification of Educational
Subject Matter to classify a respondent's disciplinary field. Respondents'
disciplinary fields were grouped into nine scientific domains which in
turn were classified as science, technology, engineering and
mathematics (STEM) and social sciences and humanities (SSH) fields.

STEM fields include (1) agriculture, (2) biological and environmental
sciences, (3) engineering and applied technological sciences, (4) health
and medical sciences, and (5) physical, chemical and mathematical
sciences.

SSH fields include (1) economic and management sciences,
(2) education, (3) humanities and arts and (4) social sciences.

Technology development,
innovation or
entrepreneurial activities

These activities include, for instance, the ideation, design, development
or implementation of improved or new processes, products or services,
or in the creation of businesses such as start-up companies or social
enterprises.
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Executive Summary

Aims of the study

The general aim of this study was defined as follows: To trace the mobility, career paths and other

attributes of a representative sample of PhD graduates from South African universities across a range of

sectors and disciplines.

The specific research objectives were:

To investigate the demographic attributes, work experience, career paths and mobility of
doctorate holders, including mobility between sectors (public, private and academia), into and
out of the country (brain circulation) and into management roles.

To identify the dominant perceptions held by doctorate holders and selected employers about
career opportunities in the public, private or academic sectors and the factors that led to the
doctorate holders choosing careers in these sectors.

To benchmark the results of the Water Research Commission (WRC) tracing study of water-
related PhDs with those of this study and identify any factors specific to the water sector that
need to be taken into account in planning and decision-making for high-end skills in this sector.
To assess the progress of PhD graduates through the researcher pipeline (from being next-
generation researchers, to being emerging researchers and finally to being established
researchers).

Research design and methodology

The single biggest challenge in graduate destination studies is to identify the graduate after he or she has

graduated from a university. The study design for this study consisted of three main components:

1.

Phase 1 of the study consisted of updating the SA Thesis Database (SATD), which the Centre for
Research on Evaluation, Science and Technology (CREST) started developing in 2010 in order to
produce a master list of graduate names that would form the target population for the survey.
Phase 2 consisted of searching for the contact details of as many of the graduates on the master
list as possible, to constitute the sample frame of the survey.

Phase 3 involved launching the web-based survey and distributing the questionnaire to the
graduates for whom we could find email addresses.

In addition to the activities described in Phases 1 to 3, which were aimed at enabling us to undertake the

web-based survey, the team also conduced 113 in-depth qualitative interviews with respondents (mainly

drawn from the water sector) in order to gather more nuanced additional narrative data to add to our

understanding of the key findings of the survey.
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Results and discussion

Representativeness of the findings

By the end of December 2020, a total of 6 452 unique completed surveys had been captured on the
Survey Monkey platform. This translates into a response rate of 41,4% (6 452/15 565). This is a
comparatively high response rate and probably indicates the interest in this topic (we received many
comments to this effect), as well as the very efficient management of the survey process.

We report on five demographic variables — gender, nationality, race, age of the respondent and scientific
field (science, technology, engineering and mathematics [STEM] and social sciences and humanities
[SSH]) — to test the representativeness of our sample against the population data (derived from the
Department of Higher Education and Training's Higher Education Management Information System
[HEMIS]). The periods/graduation windows referred to in the bullets below are 2000 to 2004, 2005 to
2009, 2010 to 2014, and 2015 to 2018.

e Gender: The comparison shows that female respondents are slightly better represented in our
sample than in the national population. However, the differences are very small (ranging from 1
to 4 percentage points).

e Country of birth: The second variable used to test the representativeness of our sample is the
country of birth of the graduates as indicated in the HEMIS data. A comparison by four-year
window shows no marked differences between the sample and population distributions.

e Race: With reference to the race of respondents, black graduates (including African black,
coloured and Indian) were slightly under-represented in our sample when compared to the
population data on HEMIS. Analyses relating the race of graduates used a weighting of the
relevant items to correct for possible bias.

e Age at graduation: As far as the age at graduation of doctoral graduates is concerned, we saw
that the average age of doctoral graduates remained much the same, at about 40/41 years of
age, over the period between 2000 and 2018. The comparison with the survey respondents
shows very few differences (the biggest difference is for the earliest period (2000 to 2004),
where the average age of this group is slightly younger, at 38 years of age).

e STEM and Social Sciences and Humanities (SSH) domains: The results show that, in the first two
periods, there were more graduates in the STEM fields than the population shares for STEM
(53% compared to 47% during the first period, and 52% compared to 48% in the second
period). The relative shares of graduates by STEM and SSH in the samples for the third and
fourth periods, however, corresponded closely to the population values. In terms of statistical
significance, a significant difference was found for all four periods: 2000-2004 (x* = 18,167, df =
1, p < 0.05), 2005-2009 (x> = 8,864, df = 1, p < 0,05), 2010-2014 (x*>= 6,339, df = 1, p < 0,05) and
2015-2018 (x*>= 4,109, df = 1, p < 0,05). The differences between our sample and the
population values are small and we can conclude that our sample is generally representative in
terms of STEM/SSH fields.

Based on these assessments and taking into account the large sample size (nearly 20% of the population),
the results of this study can be regarded as being representative of the South African population of
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doctoral graduates over the past 19 years and that the results presented in this report can be generalised
to all South African PhD students who graduated between 2000 and 2018.

Employment status of graduates during doctoral studies

: . The majority (60%) of doctoral students in South Africa study part time. This
Headline finding 1 . . .

means that they are enrolled for their doctoral studies while employed or self-

employed. Conversely, only 40% of all doctoral students study full time. Importantly, this proportion of

part-time to full-time students (60:40) has remained nearly unchanged over the past two decades,
suggesting that this is a structural feature of the South African doctoral system.

Disaggregation of the results shows that the percentages of students studying full
Elaboration time or part time differ by scientific field. Students in the STEM fields are more likely
to study full time than students in the SSH. The differences in the employment status

of students in the STEM vs SSH fields are, in turn, linked to the age of the students: The youngest subgroup
of doctoral students are full-time students in the STEM fields; the oldest group at graduation are part-
time doctoral students in Education. Further disaggregation by main science domains reveals wide
differences in the proportion of full-time to part-time students (Figure below).

Biological and environmental sciences
Physical and mathematical sciences
Engineering

Agriculture

Humanities and arts 33%

Health and medical sciences 31%

Social sciences 31%

Economic and management sciences 24%

Education

22%

B Studying while employed full-time B Studying full-time

Looking at the country of birth of respondents, we find that respondents from the rest of Africa were
more likely to study for their PhDs full time. Nearly 60% (n=871) of graduates from these countries
indicated that they were not employed while enrolled for the PhD and hence studied full time. This
compares to 31% (n=1 217) of South African nationals and 45% (n=87) of graduates from elsewhere in
the world who indicated that they studied full time.
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Financing of doctoral studies

. . How do doctoral students finance their studies? The most frequently
Headline finding 2 . ' . o , , .
mentioned source of financing doctoral studies is self-financing (33%), which

includes taking out loans and financial support from family members, spouses or partners. The second

most cited source of funds is assistance from the respondent's university (30%). These first two results
are perhaps unsurprising given that 60% of graduates were employed while doing their doctorates and,
of these, many were in the higher education sector. What is surprising is that bursaries or scholarships
from South African national funding agencies such as the National Research Foundation (NRF), the South
African Medical Research Council (SAMRC) or the Water Research Commission (WRC) were only the third
most frequently cited source of financing for studies (22%). Eight percent of respondents (n=794)
received financial assistance from an international organisation, compared to 6% (n=593) who received
assistance from an employer that was not a university. A small number of respondents received financial
support from industry or another (private) organisation/donor.

Financing of doctoral studies is expected to correlate with whether the graduate
studied full time or part time. As one would expect, graduates who were not
employed during their PhD studies were more likely to cite financial assistance from a South African
national funding agency (20%) than the 13,9% of respondents who were employed on a full-time basis.
Graduates who were employed full time during their doctoral studies were more likely to be self-financed
(32%) or receiving financial assistance from their universities (29,7%). The latter group refers to the large
proportion of academic staff at South African universities who pursue doctoral qualifications and receive
a staff rebate or tuition support.

Elaboration

Full-time enrolment (not employed) Studying while employed full-time

Bursary/scholarship from South
African national funding agency

177 _ Self-financed studies/loan/family
! support
15.5 _ Financial assistance from my
! university
81 - Bursary/scholarship from an
! international organisation
. Financial assistance from my

employer (where the employer is
not a university)

~nN
o
=
o
©

4,7

7,5

Industry/other organisation

—
o
w

o
[}
|

Further elaboration revealed little change in the percentage of full-time enrolled respondents who
received bursaries or scholarships from national funding agencies over time. However, the field of study
makes a difference. We found that 63% of full-time graduates enrolled in the STEM sciences received
funding from a national funding agency, compared to 33% in SSH.
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Finding employment after graduating

. . 4. Most South African doctoral graduates over the past 19 years have remained
Headline finding 3 ) ) o i o o

with the same employer since obtaining their doctorates. This is not surprising

either, given that about 60% of all doctoral students in the country were already employed when they

enrolled for doctoral studies. It is worth noting that a substantial number of students (20%) indicated that
they accepted a postdoctoral fellowship on completion of their studies. An equally important finding of

our study is that only 2-3% indicated that they could not find employment after completing their
doctoral degree.

. Further elaboration on the different flows or pathways of full-time and part-time
Elaboration

students after graduation and where they found employment is provided in the

Sankey diagram below. The two blocks in the left column of the diagram (dark and light blue blocks) show
the distribution of our sample by enrolment status during their doctoral studies — 39% of respondents
studied full time compared to 61% who were employed full time while studying. The coloured flow bands
show the proportional share of either full-time or part-time graduates who (1) accepted a postdoctoral
fellowship, (2) changed employers, (3) could not find employment, (4) found employment in the first
year, and (5) remained with the same employer/organisation/institution. The employment status of
respondents in the year following the completion of their doctoral studies is illustrated in the blocks on
the right side of the diagram. For example, the broad orange band indicates that 15,9% of the total
sample studied full time and accepted a postdoctoral fellowship within the first year after completing
their studies. In addition, a further 5% of the total sample who were employed while studying managed
to obtain a postdoctoral fellowship after graduation. This means that 21% of our graduates over the past
19 years managed to secure postdoctoral fellowships after graduation. As the figure shows, however, the
single biggest group of graduates (53,6%) found employment in academia, where most of them had
already been employed while pursuing their doctoral studies.

Postdoctoral research

15,9% .
position
20,9%
Full-time enrolment 5%
2277
Ve 2,3%
38,6% : Changed emplayers
9,2% 11,4%
\
\ 1.7% Could not find employment
0.6% 2,3%
., 0
/ Found employment within
v e the first year
3% 11,7%
10%
Part-time enrolment
3623 Remained with the same
61,4% employer (organisation/
institution/ business)
43,6% 53 6%
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Alignment of current employment and field of doctoral expertise

The results discussed thus far have shown that the majority of South African
Headline finding 4 .

doctoral graduates are employable, with a very small percentage (2 to 3%) not
finding employment immediately following the completion of their doctoral studies. Being able to
quantify the exact percentage of doctoral graduates who are not immediately employable is a major
contribution of this study to our understanding of the state and dynamics in the labour market of doctoral
graduates in the country. However, it is also necessary to address some of the more qualitative aspects
related to employability and employment. The majority (70%) of graduates indicated that they found
employment directly related to their fields of expertise or training. However, nearly one in five (18%) of
respondents (n=901) indicated that they could not find employment related to their field of expertise.
Further disaggregation of the data shows that graduates who received their doctoral degrees in the past
five years were more likely (22%) than those who received their degrees more than 15 years ago (13%)
to indicate that their current job or position was not related to the field of expertise of their doctorate.
These results challenge policy makers as, although SA doctoral graduates are successful in finding
employment, they are increasingly indicating that the employment is not what they expected or wanted.

. Di . . ! .
Elaboration isaggregation by science field shows that graduates in SSH reported more

challenges in finding suitable employment than graduates in the STEM fields. These
findings are supported by the responses to a follow-up question. When asked about their most
recent/current employment position, on average slightly more than a quarter of respondents indicated

that their current employment position was the only option available. However, when we disaggregate
these responses by graduation window, we see that one third of recent graduates indicated that their
employment was the only option available (compared to 20% of graduates who completed their studies
10 to 19 years ago).

My position was the only one available

16% 16% 18% 15%

53%
64%

2000 to 2004 2005 to 2009 2010to 2014 2015to0 2018

Agree M Disagree Neutral
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Intersectoral mobility of doctoral graduates

Graduates
Headline finding 5 were asked
110

to indicate 2%
their sector of employment during

= Higher education
. . . sector

their doctoral studies as well as their
= Government sector
current (or most recent) sector of
employment. This allowed us to
establish the extent of the mobility of

doctoral graduates between sectors

= Business enterprise
sector

Private non-profit

over the past 19 years. A major finding sector

is that nearly two thirds of
respondents were employed in the

m Other education
sector

higher education sector at the time of

the survey and have remained in the

sector.

Those who were already employed in academia (light green band in figure below)
during their doctoral studies have remained in the sector. Small percentages have
moved to the public, business and other sectors. However, these "losses" have been offset by gains both
from the public sector (which includes the science councils) and business. The end result is a net gain for

Elaboration

the higher education sector (66% currently employed in the sector compared to 61% of graduates in the
sector during their studies). The government sector (orange band) has witnessed an overall net loss,
mostly through the migration of staff to universities. At the time of their studies, 15% of all graduates
were employed in this sector. When we conducted this study at the end of 2021, the percentage had
decreased to 12%. There were no other significant changes in terms of the big picture. In the final analysis,
the Sankey diagram shows a very "stable" system with minimal intersectoral mobility.
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Mobility between sectors (employment during PhD and current employment)

Government sector

15% Government sector

12%

Business enterprise sector
12%

Other education 2%

Other education sector _j — S i ——— -
1% = - m— —

Private non-profit sector
8%

Higher education sector i i
61% Higher education sector
66%

Private non-profit 7%

Postdoctoral fellowship career trajectory

. . 4 A fifth of our survey respondents indicated that they accepted a postdoctoral
Headline finding 6 . . . .

fellowship upon completion of their studies. Over the two decades, the

number and proportion of PhD graduates doing postdoctoral fellowships has grown significantly. During

this period, the biological and environmental sciences, and the STEM fields in general, were best

represented in postdoctoral positions, while they are least likely to be found in the SSH fields, especially

in the field of education. However, since 2011, our study showed a steep increase in the number of

postdoctoral fellows in economics and management compared the STEM fields. This trend may be an
indication that certain STEM fields do not have the capacity to absorb more postdoctoral fellows.

Although slightly more than half of the postdocs were male, both genders were
equally likely to accept a postdoctoral fellowship after their PhD, irrespective of the
field (STEM or SSH) in which they had graduated. However, when the responses are
disaggregated by science domain, we found proportionally fewer female postdocs in the engineering and
applied technological sciences or the physical, chemical and mathematical sciences than in the health
and medical sciences, the biological and environmental sciences and the social sciences. It seems that the
disparities in the representation of the genders that we witnessed in the academic pipeline (from
undergraduate to doctoral students) continue to be mirrored at the level of postdoctoral fellowships.

Elaboration

Since there were more postdoctoral fellows in the STEM fields, who would have been more likely to have
studied full-time, it is not surprising that we found that postdocs obtained their PhD at a younger age
than the rest of our respondents.

While the majority of our sample spent an average of three years in a fellowship position, one in three
could be described as a "serial postdoc", who accepted one or more postdoctoral positions after their
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first fellowship. Our data — both quantitative and qualitative — indicate that the majority do so not out of
choice, but rather because of the lack of employment opportunities, especially in the academic sector,
where they hope to find permanent positions. Importantly, these serial postdocs are even younger when
they graduate with their PhD than their counterparts with a single postdoctoral fellowship.

These results, together with the slow growth of postdoctoral fellowships in some fields, are important
from a policy perspective. Although our results show that such fellowships carry benefits, other results
lead us to conclude that the South African science system is reaching the limit of its capacity to absorb
increasingly younger graduates, whose lack of full-time employment options leads them to apply, often
repeatedly, for a finite number of postdoctoral fellowship positions. The biological and environmental
sciences are of particular concern, as they have the slowest growth rate in postdoctoral fellowships, and
the highest likelihood of hosting serial postdocs.

The reasons for taking a postdoctoral position are mainly to gain additional training in the field of one's
PhD and to carry out research independently, but the ultimate goal is to eventually secure a permanent
position, especially in academia. Our qualitative data show how these and other expected benefits of the
postdoctoral fellowship were mostly realised in the cases we interviewed, while the quantitative data
show that the majority of postdoctoral fellows, and especially serial postdocs, have indeed found
employment in the higher education sector. The qualitative data do, however, alert us to many negative
features of postdoctoral fellowships, and the lack of full-time employment opportunities that are likely
to have fuelled the dramatic increase in postdoctoral positions since 2011.

The "serial" postdoctoral fellow

. . . While the majority of postdocs spent an average of three years in a fellowshi
Headline finding 7 o J, yorp P i 8 y P
position, one in three may be termed "serial postdocs", who accept one or
more postdoctoral positions after their first fellowship. Our data indicate that the majority of serial

postdocs do not continue in these positions out of choice, but rather because of a lack of employment
opportunities, especially in the academic sector, which is their preferred sector of employment.

The figure on the right shows that just over half
of postdocs (55%) typically spend between one
and three years in a fellowship. However, a
significant proportion spend four (19%), five
(9%), six (8%) or more in such positions.

281 @ 288

Most postdoctoral fellows
accept fellowships to gain
additional training in the field, to carry out
research independently or to work on a specific project. But more than a quarter of our sample (28%)
also indicated that they accepted a postdoctoral position because other employment options were not
available. However, these responses apply to all postdoctoral fellows. When we analysed the same
responses for the subgroup of serial postdocs (those who held such positions for more than three years),
more than two in five (41%) of this group indicated that could not find any other form of employment.

Elaboration
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The indication that the main driver for multiple postdoctoral fellowships is the lack of other employment
opportunities is further supported by the qualitative data. As an interviewee explained, the reason for
"sticking with long-term postdoctoral positions in the academic environment is the potential for growth,
and for getting a [permanent] position. But 90% [of the time, this] doesn't seem to be the case, because
the university doesn't want to hire". Another interviewee agreed that, currently, the "common
opportunity that we get is the postdoc. So, it's postdoc after postdoc. There's no permanent job at the
moment".

The geographical mobility of SA doctoral graduates

South Africa has benefited significantly from the inward flow of doctoral
Headline finding 8 students to the country. One of the main objectives of our study was to

determine the mobility of doctoral graduates into and out of South Africa.

Survey respondents were asked about their geographic mobility during two stages
Elaboration of their careers. Firstly, respondents were asked to describe their original plans upon

completion of the PhD and then to indicate what had actually happened in the first
year following completion of their studies. Secondly, respondents were asked to indicate in which country
they had been most recently employed. Combining the number of SA nationals who remained in the
country after graduating with the numbers of students from the rest of Africa and the rest of the world,
South Africa's net gain in terms of non-South Africans finding employment in the country increased by
nearly 5 percentage points over the past 19 years. Of the 3 770 graduates in our sample who were born
in South Africa, 372 or 9,2% left the country after graduation. At the same time, of the 1 812 graduates
from outside the country in our sample, 633 (or 35%) remained in the country. This translates into a net
brain gain of 261 graduates or 4,6% of our sample. If we average this out over the past 19 years, it
means that South Africa has a net gain of 1 400 doctoral graduates from other countries who remained
in the country (after subtracting those SA nationals who left the country).

South Africa 62% o .
68% Remained in South Africa

73%

9%

—‘ 2%

Pursued opportunities in
6 another country

Rest of Africa 29
, 10%

26% 2%

Returned to home
country
17%

15%

2%
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Utility of PhD in current employment

South African graduates rated the general knowledge and research skills
acquired though their PhD studies to have been of most benefit in their
current employment. The survey asked respondents to consider the extent
to which they used their PhDs in their current employment. In particular, they were asked to rank the

application and utilisation of five different aspects of their doctoral studies. The results (see figure below)
show that general knowledge and research skills were considered more useful in their current job than

field-specific knowledge, methodological skills or the specific research findings of their dissertations.

General knowledge

Research skills

Subject/technical knowledge

Methods used in PhD
PhD findings @

The general findings described above were also found to hold over time. A

Elaboration comparison of the ratings of the five categories of utility by graduation window

shows that the ranking of these benefits remains the same irrespective of when the respondents
graduated. Interestingly, the high rankings for the first four categories remain at similar levels over the
period 2000-2018. The fact that the value of the findings of their PhDs were rated more useful by recent
graduates also makes sense, as the usefulness of the specific findings of a doctorate diminishes over time.
This is clearly not the case for the other benefits of doing a doctorate.

2000 to 2004 2005 to 2009 2010to 2014 2015to0 2018
100%

90%

‘t =@ General knowledge
N = $—9 .
==@==Research skills
a—=~0 . .
4 4

70%
=@=Subject/technical

knowledge

60%
Methods used

50%
=@=Findings of PhD
40%

30%

20%
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Value of doctoral degree in employment

More than two thirds (70,5%, n=3 875) of respondents indicated that a
doctoral degree was a requirement for employment in their current
position. Not surprisingly, the majority of graduates currently employed in
the higher education sector (83%) indicated that a PhD was a requirement for their work, compared to

only 53% in the government sector. Fewer respondents in the private non-profit sector (39%) and
business sector (33%) deemed the doctorate a requirement for their current employment.

These findings are substantiated by responses to a related question in the study, i.e.
whether their current employment included research. The majority (70%) across all
sectors indicated that it was. Disaggregation by sector (see figure below) reveals, not
surprisingly, substantial differences in the reported utility of research.

100%
90% - 81% 60% £ 44% 22%
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -
0% -

Higher education Government sector Business enterprise Private non-profit  Other education
sector sector sector sector (e.g. schools)

Elaboration

B Notatall MTosomeextent M To agreatextent

An interesting finding is that disaggregation by scientific domain did not reveal statistically significant
differences on this issue.

The return on investment of doctorates

Between 80 and 92% of doctoral graduates indicated that they were

Headline finding 11

satisfied with their decision to pursue a PhD, with the field chosen for their

doctorate, and with the return on their investment, and that their
expectations of obtaining a doctorate had been met.
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In hindsight, | should not have pursued a In hindsight, | should have pursued a doctorate
doctorate in another field

Agree I 4.6 Agree . 8,4
Neutral I 3,6 Neutral . 9
Disagree _ 91,8 Disagree _ 82'6

Overall, doing a doctorate has been an good My expectations of obtaining a doctorate have
return on investment been met
Agree _ ?9,5 Agree _ 76,5

Neutral 9,3 Neutral 10

Disagree 11,2 Disagree

-
w
wn

The interviews revealed that individuals decided to do PhD degrees for a variety of reasons, mostly
related to career advancement. Doing a PhD was viewed either as the means to enter a particular career,
a ladder for upward mobility, and/or a bridge from one career and/or sector to another. Respondents
reported that their doctoral degrees had improved their existing stock of knowledge, skills and networks
which, in turn, markedly broadened their career prospects or gave them a competitive edge in the labour
market. Some interviewees pointed to what might be termed the "symbolic" value of a PhD insofar as it
signals to prospective employers and others an expected level of competence or skills set. They also
highlighted that having a PhD — and often the title that comes with it — brought with it a certain cachet.
All in all, the positive perceptions of others towards the PhD could be leveraged to the advantage of
doctorate holders.

Managerial responsibilities in current employment

Just over half (54%) of respondents indicated that managerial
responsibilities made up a large part their current employment

responsibilities. The acquisition of managerial skills is not necessarily an
expected outcome of doctoral studies, and — on the face of it — it is somewhat surprising that so many
respondents indicated that they had managerial responsibilities. The fact that this finding was found to
apply across all sectors needs to be interpreted, together with other results from our study, particularly
the large percentage of doctoral graduates who indicated that research skills and field-specific knowledge
were either a requirement of or of great value in their current job. These facts suggests that most
graduates find themselves in positions (in academia, science councils, government and business) where
they have to combine knowledge and research-related skills (directly obtained from doing a PhD) with
managerial responsibilities. Being involved in management (and even administrative tasks) now seems
to be an essential component of work, even for knowledge workers.
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The lowest proportion of doctorate holders with managerial responsibilities was in
the higher education sector (52%, n=2 103), and the highest in the non-profit (61%,
n=242) and government sectors (60%, n=420).

Elaboration
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90% 58% 54%
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60%
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40%
30%
20%
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Private non-profit ~ Government Business Other education Higher education
sector sector enterprise sector sector (e.g. sector
schools)
B Not at all To some extent B To a great extent
Recommendations

First cross-sectoral study to act as benchmark for future studies

This study is the most comprehensive tracer study of PhD students who

Recommendation 1

graduated from South African universities in the recent past. The findings

presented in this report provide, for the first time, accurate, precise and
generalisable information on a wide variety of issues — the employability of SA doctoral graduates, the
financing of doctoral studies, the differences in the career trajectories of full-time and part-time students,
the challenges facing postdoctoral fellows, the absorptive capacity of different employment sectors and
the geographic mobility of doctoral graduates. The report also gives new insights into the perceived value
and utility of pursuing doctoral studies. It is fair to say that this study would be a valuable baseline for
any future studies of this nature. Our first recommendation is that doctoral tracer studies (or some form
of tracking doctoral graduates) become a regular feature of higher education and labour studies in the
country.

Studies needed on the financing of doctoral studies

The study has revealed that there are significant differences between

Recommendation 2

students studying full time and those studying part time, in respect of

different disciplines, races and ages. The fact that the single biggest source
of financing was identified as self-financing by the student is a clear indication that government funding
of doctoral studies is inadequate and has become one of the main reasons why many doctoral students
have no choice but to study part time. Our second recommendation is therefore that further research
into the financing of doctoral studies be undertaken. Such research should aim to gain a better
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understanding of how doctoral students are financed and supported by their universities, their
employers, and national and international funding agencies, as well as how these different funding
modalities affect PhD studies and graduates' subsequent career trajectories.

Need for research on the changing nature of work and expectations of doctoral
graduates
Our study found that most South African doctoral graduates are employable

(with only 2-3% unable to find employment). However, further
disaggregation of qualitative data also showed that 20% of graduates

Recommendation 3

(especially those who graduated in recent years) were unable to find employment related to their
technical skills or fields of expertise. This raises questions about the nature of the "standard" doctoral
degree and the knowledge and skills students acquire, and specifically whether these skills align well with
changes in the labour market. Our third recommendation is that more should be done to describe and
explain how changes in the nature of work are impacting on expectations related to the kind and range
of skills doctoral graduates should have.

Recommendations for policy review based on evidence

This study has confirmed the results of a number of previous studies
conducted by CREST (SciSTIP), which indicated (a) that doctoral students in
South Africa commence their studies at an average age of 34; (b) that there

Recommendation 4

are large differences between fields (in SSH the average age at which students commence PhD studies is
36); and (c) that the majority of doctoral students in the country (60%) study while they are employed
(Mouton et al., 2015, Van Lill, 2019). The current reality is that South Africa has too few doctoral students
who are (1) studying full time; (2) properly funded and (3) able to commence and complete their doctoral
studies earlier than the average of 40/41 years. From a policy point of view, these results call into question
some of the rules of the most recent NRF funding policy, which focuses exclusively on students who study
full time (the minority in the system) and who are not older than 32 at the start of their PhD studies (again
the minority of students across all disciplines), and which ignore (for all practical purposes) the huge
contribution that non-South African students (more than 30% of all doctoral students are from the rest
of Africa) have made to our higher education and science system. We therefore strongly recommend that
the NRF revisits and revises their current policy to take the above into account.

Call for dialogue on the position and status of the postdoctoral fellow

Our study has confirmed that many doctoral students pursue a postdoctoral

Recommendation 5

fellowship not because they want to, but because they have no alternative.

This is particularly true for students who aspire to a career in academia,
where the lack of growth means that there are very few positions available for young entrants. As a result
of this, they accept successive fellowships simply because no permanent position is available. Many of
our postdoctoral fellows indicated that they believe that their precarious position and the effect of this
on their self-identity and future expectations was not properly appreciated. We therefore recommend
that the relevant role players (Universities South Africa [USAf], the DSI, the Council on Higher Education
[CHE] and funding agencies) convene an expert group to investigate in more detail how the position and
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status of postdoctoral fellows can be strengthened and what measures are required to ensure that the
value and talent of this group is not lost to academia and the science system in general.

Need to investigate the absorptive capacity of doctoral graduates in the
knowledge sector

Our study has provided, for the first time, precise and comprehensive data
on the intersectoral and geographic mobility of doctoral graduates. The
evidence suggests that the capacity of the system to absorb increasing
numbers of these graduates is already strained. There are signs that, although we may continue to

Recommendation 6

produce larger numbers of doctoral graduates every year, the lack of growth in new posts in academia
and other knowledge-intensive sectors may soon translate into lower employability rates for doctoral
graduates in the country. This phenomenon is particular evident in the STEM fields, where increasing
numbers of graduates in the biological and environmental sciences end up in one postdoctoral position
after another. Our final recommendation, therefore, is that a specific initiative is launched to investigate
the absorptive capacity of the knowledge sector in the economy further to ensure that there is an optimal
alignment between the supply and demand of highly-skilled graduates. Predictive modelling of the
current mobility trends could be one of the methods used.
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Chapter 1: Introduction and background

1.1. Terms of reference

In September 2019, the DSI-NRF Centre of Excellence in Scientometrics and Science, Technology and
Innovation Policy (SciSTIP) submitted a proposal to undertake a study (cross-sectoral PhD tracer study) in
response to a call for tenders by the Water Research Commission (WRC). In a letter dated 21 January
2020, we were informed that our proposal had been successful and we were commissioned to undertake
this study.

The general aim of the proposed study was formulated as follows: To trace the mobility, career paths and
other attributes of a representative sample of PhD graduates from South African universities across a
range of sectors and disciplines.

Five specific study objectives were identified:

1. Investigate the demographic attributes, work experience, career paths and mobility of doctorate
holders, including mobility between sectors (public, private and academia), into and out of the
country (brain circulation), and into management roles.

2. Working in tandem with other relevant initiatives, including the WRC Water Research,
Development and Innovation (RDI) Roadmap skills mapping study (currently under way), provide
an indication of supply vs demand for doctorate holders.

3. Identify the dominant perceptions held by doctorate holders and selected employers of career
opportunities in the public, private and academic sectors, and the factors that led doctorate
holders to choose careers in these sectors.

4. Benchmark the results of the WRC tracing study of water-related PhDs (currently under way) with
those of this study and identify any factors specific to the water sector that need to be taken into
account in planning and decision-making for high-end skills in this sector.

5. Assess the progress of PhD graduates through the researcher pipeline (from next-generation
researchers, to emerging researchers and finally established researchers).

The terms of reference included a section on the rationale for the study. The following observations made
in this section are important:

1. Doctoral education and training in any country is a lengthy and costly process. This makes it
imperative that policy makers (including funding agencies) are informed about the return on this
(public) investment. A related point is made about the need to have evidence of the socio-
economic impact of doctoral training.

2. A second set of observations pertain to the disjuncture between the steep increase in the
numbers of doctoral graduates in the country (especially over the past 10-12 years) and the
capacity in the labour market to absorb the increasing number of graduates.

3. Thirdly, the proposed study should also be able to establish whether the findings from a pilot



tracer of graduates in the water sector! are in fact representative of trends across all scientific
disciplines. The results of the study would also inform the establishment of a digital platform for
tracking NRF-funded students.

4. Finally, to ensure compatibility with the current study, the proposed study should "sample"
doctorates in the period 2013-2018.

The specific expectations from the study were formulated as follows:

1. Toinform national policy related to the academic pipeline from emerging scholars to established
scientists.

2. Toinform the proposed work on the digital tracking platform to be established at the NRF.
To gain a deeper understanding of the factors that inform the decision-making of doctoral
graduates during their studies (about future employment) as well as after graduation (in their
career choices).

4. To validate the representativeness of the findings of the WRC pilot study.

1.2. Background and rationale

In our original proposal we indicated that the rationale for the proposed study could be found in three
inter-related dynamics in the South African science and innovation system:

e Trends in doctoral enrolments and graduations between 2000 and 2018

e The lack of accurate and up to date knowledge and understanding of the career trajectories of
doctoral graduates.

e The current demands for inputs into policy and strategy initiatives in the national system of
innovation.

1.2.1. Trends in doctoral enrolments and graduations over the past 19 years

The imperative to grow the academic pipeline and specifically to increase the production of doctoral
graduates in South Africa (both in general and in the science, engineering and technology fields) was
identified as a policy priority in the White Paper on Science and Technology in 1996 (DST, 1996) as well
as in subsequent strategies such as the National Research and Development Strategy [DST, 2002]) and
plans the Ten-Year Innovation Plan [DST, 2008]). In the National Development Plan, the target of
producing 5 000 doctoral graduates a year was set for 2030.

11n 2019, the WRC commissioned a pilot tracer study of doctoral graduates who completed their doctoral studies
in Water and Sanitation at South African universities.

See Pouris, A. & Thopil, G. 2019. Trace study of Water PhDs in South Africa. A report to the Water Research
Commission.

2 The original terms of reference referred to a shorter time frame (2013 to 2018). However, SciSTIP indicated that it
would be more useful to have a perspective on the trends in mobility of SA doctoral graduates over a longer period.
This request was accepted and the time frame was extended to coincide with the records in the SA Thesis Database
housed at CREST.



A recent comprehensive assessment of the state of the research enterprise in South Africa (Mouton et
al., 2019) shows that this target is likely to be met. The report indicated that a total of 28 686 doctoral
students graduated from South African universities between 2000 and 2017, and emphasised that, of the
28 686 who graduated by 2017, about two thirds were South African nationals and slightly more than one
quarter (26%) were from the rest of Africa (RoA). The report also showed that the real growth in doctoral
graduation output was produced by students from the rest of Africa who enrolled at South African
universities. The rate of increase for RoA students has been nearly three times faster than the rate of
increase for South African students. Hence, by 2017, doctoral graduates from the rest of Africa already
constituted 37% of all graduates compared to South African nationals, who constituted 57% of all
graduates. The inbound mobility of doctoral students from the rest of Africa is the main reason for the
steep increase in the number of graduations over the past 10 years.

The statistics attest to the fact that South Africa has once again become a destination for migrant students
from Africa, on a far larger scale than before apartheid (Cloete, Sheppard and Bailey, 2015). This increase
is in part driven by the Southern African Development Community (SADC) Protocol on Education and
Training, which removes barriers to the free movement of researchers and students of higher education
across the region (Kahn, 2015). The protocol requires member states to allocate up to 5% of their
university places for SADC students and to charge them domestic fees.

The report concluded that, although we have comprehensive and accurate statistics about trends in
doctoral enrolments and graduations in the country, we lack a qualitative understanding of these trends,
and specifically where the growing number of doctoral graduates go after graduation (Mouton et al.,
2019). In the present study we therefore aim to address some of the gaps in our knowledge of trends in
doctoral production in South Africa.

1.2.2. The lack of accurate and up-to-date data and knowledge of the career
trajectories of doctoral graduates

Following on from the points made in the section above, we emphasised in our proposal to the WRC that
we still lack recent data and knowledge about the career trajectories of doctoral graduates in the country.
Under this heading we would include to two specific clusters of studies (which are complementary, but
different in approach and methodology).

1.2.2.1. Academic pipeline studies: From emerging to established scholars and scientists

The "academic pipeline" can be understood in both a narrow and a broad sense. In the narrow sense, the
focus would typically be on the actors (students, postdoctoral fellows, early career academics and
established scholars) and their decision-making as they move through the pipeline. This focus is
addressed in the literature on academic career trajectories, one example of which is found in literature
that looks specifically at student retention and attrition. One model — the chain of response model (Cross,
1981) — explores the barriers to students' participation by classifying barriers as situational, institutional
or dispositional (Carroll, Ng, & Birch, 2009). Situational factors are a student's particular life circumstances
at the time of their studies. Five key situational factors are included in this model: (1) employment
pressures, (2) financial pressures, (3) family commitments, (4) the independent study context, (5) and the



health of the student. Institutional factors include "procedures, policies and structures of the educational
institution that exclude or discourage participation in educational activities" (Carroll, Ng & Birch, 2009).
Institutional barriers are often experienced by students when they perceive university programmes as
inaccessible, particularly to adult (working) students. Dispositional factors, on the other hand, are internal
reasons (personal or attitudinal) that influence academic participation, including the beliefs, values,
attitudes and perceptions of an individual or collective. Key factors here are student satisfaction and the
motivations or intentions of the student. Many studies have found that situational barriers are more
often cited as obstacles to learning than institutional or dispositional barriers (Van Lill, 2019). A study by
Greenback (2007) identifies the following factors to influence the continuation of studies, particularly
from undergraduate level to postgraduate level: (1) teaching styles, (2) student support, (3) attitude of
lecturers, (4) academic orientation, and (5) preparation.

A broader perspective on the academic pipeline would factor in enabling and constraining conditions in
the "ecosystem" that affect such decision-making and its outcomes. Such a perspective would typically
look at institutional dynamics and trends within the higher education sector (institutional governance,
capacity and performance), labour market factors (conditions for the employability of graduates),
national policy frameworks (immigration policies) and geopolitical considerations related to
internationalisation and globalisation in science and higher education. In the South African context, any
number of these factors individually or jointly impact on the academic pipeline, including the following:

1. Low investment by business in research and development (R&D), which affects the potential
labour market for postgraduate students.

2. Large differences in the employability of graduates depending on scientific discipline and field.

3. Immigration policies that prevent non-South African nationals from getting tenured positions at
South African universities.

4. The continued growth in postgraduate student enrolments from other African countries due to
geopolitical shifts that impact on the mobility of university students worldwide.

5. Institutional policies and capabilities to "manage" progression through the academic pipeline,
e.g. the huge difference in the availability of high-quality supervisory and mentoring capacity and
support for emerging scholars and early career academics across the 26 South African public
universities.

1.2.2.2. Destination or tracer studies

The lack of information and knowledge identified in the previous section speaks to the need to conduct
regular destination or tracer studies of university graduates. In 2015, CREST completed a desktop study
(Botha, 2015) on higher education tracer studies in South Africa. Botha found 14 studies (using a wide
variety of research designs and methodologies) that had been conducted in South Africa before 2015. It
is worth repeating many of the findings of this review study here:

1. There is clearly a need for reliable and updated information on the employment of master's
and doctoral (as well as other levels of) graduates in South Africa.

2. All the reports considered in the desktop study reported on once-off research projects.
Currently, there is no process or system that undertakes a comprehensive tracking of graduates
in South Africa over a long period of time.

3. Eight of the 14 studies considered in this desktop study included master's and doctoral



graduates.

4. Graduate tracer studies are expensive and a high level of skill is required to conduct such
studies.

5. Funders of postgraduate studies (such as the NRF) are important stakeholders and interested
in information on the employment of master's and doctoral graduates. However, they are not
the only role players with an interest in such information. The range of stakeholders and
interested parties includes higher education institutions, employers, various government
departments (e.g. the Department of Science and Innovation [DSI], the Department of Higher
Education and Training [DHET], and the Department of Employment and Labour [DEL]), other
government or statutory agencies (e.g. other science councils like the Council on Higher
Education [CHE] and the Human Sciences Research Council [HSRC]), development agencies, and
national and international foundations.

6. For much of the 40 years preceding 2005, the focus of national graduate studies was (a) to
identify graduate outputs in the form of employment uptake, (b) entry into different economic
sectors, (c) entry into economic sectors in which graduates were overemployed or
underemployed and in which they had difficulty in finding jobs quickly, and (d) the contribution
of higher education to graduate success and graduate competencies (Koen 2006:6).

7. A research database from which national graduate samples can be drawn is needed. The
countrywide research record came in the form of the Graduate Register, which was compiled
and updated from 1965 to about 2000 from records supplied by the HSRC. Subsequently, this
function was transferred to the South African Qualifications Authority (SAQA), where the
Graduate Register now forms part of the National Learner Records Database, along with entries
on grade 12s. The availability of the Graduate Register as a national database led to a situation
in which the HSRC ended up controlling national graduate data and assuming responsibility for
national graduate tracer studies, while other academic research agencies conducted
institutional, regional or local area-specific and profession-based studies (Koen 2006:6).

8. The Graduate Register (which includes the CESM categories) has been an important source of
information on institutional, sector and discipline-specific studies, on, for example, providing
alumni details to HEls, establishing employment levels among graduates of specific HEls,
determining graduate output in high-level skill fields, and signalling overproduction of
graduates in some fields (Koen 2006:6). The database has been a valuable research resource
that also doubles as a national record of graduate output. It has been used to analyse trend
data, but has not yet functioned as a tool for tracking graduate job changes and mobility in the
labour market over a number of decades. There are serious gaps in attempts to understand the
labour-market contribution of graduates.

1.2.3. The current demands for inputs into policy and strategy initiatives in the
national system of innovation

One of the recurring themes in various national policy and strategy documents on human resources
development for the national system of innovation in South Africa is the academic pipeline. This theme
was central in the 1996 White Paper on Science and Technology (DST, 1996), the 2002 National Research
and Development Strategy (DST, 2002) and the Ten-Year Innovation Plan (DST, 2008). It was further
articulated in the Human Capital Development Strategy for Research, Innovation and Scholarship (DST,
2016). In very simple terms, three key imperatives underpin these various documents: First, to expand



and grow the academic pipeline (from honours to doctoral graduates to postdoctoral fellows, to early
career academics and finally to established scholars); second, to transform the academic pipeline in order
to make it more inclusive of black and women students and academics; and third, to make the pipeline
more efficient by reducing dropout and increasing throughput and success rates.

The academic pipeline development and transformation project remains high on the agenda of all
national STl agencies, science councils and universities. It finds expression in the White Paper on STI (DST,
2019), various DHET policy documents (such as the University Capacity Development Programme [DHET,
2017]), and the NRF's Vision 2030 (NRF, 2020). Various programmes and initiatives, such as DHET's New
Generation of Academics Programme (nGAP) and Future Professors Programme, and NRF funding
instruments, such as the centres of excellence, the South African Research Chairs Initiative and dedicated
capacity-building funding programmes, all address the three imperatives (expansion, transformation and
efficiency) listed above.

1.2.4. Setting a baseline for doctoral graduates in South Africa

The rationale for the national, cross-sectional tracer study of doctoral graduates in South Africa was
informed by a pilot tracer study, which included a small sample of doctoral graduates in the water and
sanitation fields (Pouris & Thopil, 2019). The pilot study was commissioned by the WRC and its objective
was to investigate the employment of doctoral graduates who completed water and sanitation-related
doctoral degrees at South African universities between 2013 and 2017. The current study was
subsequently commissioned to explore whether the employment trends found for graduates in the water
sector are representative of trends across all scientific disciplines. In Annexure B, we compare the main
findings of the Pouris & Thopil (2019) pilot study with that of the current cross-sectional study to ascertain
whether the trends in employability of graduates in the water and sanitation sector, based on a small
sample, are comparable with that of the population of doctoral graduates.

In a similar vein, and at the specific request of the Reference Group, we include a sub-sector study of
doctoral graduates in the water and water-related fields in Annexure A. This is informed by the need to
benchmark the findings of the cross-sectional tracer study against other sectors and disciplines. As the
current study is the first, comprehensive tracer study of doctoral graduates in South Africa — across all
scientific disciplines —and given its large sample size, additional sub-sector studies could be benchmarked
against the findings presented in this report.

1.3. Structure of the report

The design and methodology followed in this study is described in detail in Chapter 2. In Chapter 3 we
address the question of whether the results from our survey can be taken to be representative of and
generalised to the population of all doctoral students who graduated from a South African university
between 2000 and 2018. The subsequent chapters are organised thematically: Chapter 4 is devoted to a
discussion of the employment status of doctoral graduates during their studies and how they financed
their studies. Chapter 5 addresses the topic of the current employment position of graduates and includes
a discussion of the mobility of graduates from the commencement to the completion of their studies.
Chapter 6 is devoted to postdoctoral fellowships and combines both survey and qualitative data to
present a comprehensive but detailed picture of the typical postdoc in the South African system. The
topic of the geographic mobility of doctoral graduates is discussed in Chapter 7, while Chapter 8 looks at



issues related to the perceived and reported value and utility of doing a doctoral degree. In Chapter 9 we
present a set of key recommendations based on the findings of the study.

In Annexure A we include a sub-sector study on doctoral graduates in the water and water-related fields.
Annexure B includes a comparison of the current study's main findings with that of the pilot tracer study
of water graduates (Pouris & Thopil, 2019). The technical annexures (C, D and E) follow.



Chapter 2: Study design and methodology

2.1. Introduction

The single biggest challenge in graduate destination studies is to identify an individual after he or she has
graduated from a university. In some countries, national databases are constructed and maintained (e.g.
in Canada through Statistics Canada), and doctoral graduates are required to complete a questionnaire
about their future destination and address. This is not unlike the National Register of Graduates that the
HSRC introduced and maintained in the 1980s and 1990s. In the absence of such a national database or
register, there are a limited number of methods available to researchers in the field. These are as follows:
1. Tracking graduates who pursue academic or scientific careers through research funding and
publications data (bibliometric methods) as well as membership lists of professionalsocieties.
Using web-based sources, including social media (Google/LinkedIn/Facebook).
Using ad hoc snowball techniques to identify graduates.
Using the alumni offices of universities to gain access to graduates through a web-based survey.

LA

Placing adverts in media and other platforms inviting graduates to participate in a survey.

The study design for this study consisted of three main components:

1. Phase 1: Updating the SA Thesis Database (SATD), which CREST started developing in 2010 in
order to produce a master list of graduate names that would form the target population for the
survey.

2. Phase 2: Searching for the contact details of as many of these graduates as possible to constitute
the sample frame of the survey.

3. Phase 3: Launching the web-based survey and distributing the questionnaire to the list of
graduates for whom we could find email addresses.

In addition to the activities described in Phases 1 to 3, which set the groundwork for identifying
respondents in the web-based survey, the team also conduced 113 in-depth qualitative interviews with
respondents (mainly drawn from the water sector) in order to gather a more nuanced additional narrative
to add to our understanding of the key findings from the survey. We discuss these elements in our
research design in more detail below.

2.2. Updating of the SATD database and contact tracing of graduates

The updating of the information contained in CREST's database on doctoral dissertations (SATD) has been
an ongoing enterprise since we started the development of the database in 2010. For the purposes of
this study, additional effort was invested into this process. This involved (1) the development of an
automatic search query (crawler) to search through the institutional repositories of all South African
universities; as well as (2) a special effort by a team of database assistants to manually update, check and
correct data on the SATD. The task of updating the SATD was intensified during the period between
September 2019 and March 2020. Table 1 presents the state of the CREST database on doctoral
dissertations as at March 2020 when we commenced with the next phase in the project (see next section).
The table compares the records in the SATD with the official HEMIS data on doctoral graduates by
university and year.



Table 1 Comparison between SATD and HEMIS data on doctoral graduates by university and year (2000 to 2018)

Source University 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total Share
2018

SATD CPUT 1 3 2 5 5 7 4 4 13 17 11 12 19 26 19 18 19 28 16 229 95,8%

HEMIS CPUT 0 2 5 5 2 6 6 10 13 12 11 13 24 28 17 19 16 17 33 239

SATD Ccut 6 4 1 4 8 12 5 5 13 3 3 4 4 9 10 4 8 15 19 137 85,6%

HEMIS cuTt 3 1 4 7 7 6 6 11 5 4 3 5 5 12 12 10 21 20 18 160

SATD DUT 1 2 1 1 5 4 13 3 3 11 6 14 8 16 30 29 44 57 248 93,6%

HEMIS DUT 0 2 1 3 3 4 4 5 3 5 12 14 6 18 18 29 40 33 65 265

SATD NMU 17 10 28 26 29 33 25 29 38 52 62 62 90 63 64 49 71 77 86 911 89,0%

HEMIS NMU 11 27 23 28 35 30 25 35 47 39 64 59 86 74 72 80 95 92 102 1024

SATD NWU 70 51 66 92 93 77 73 107 102 128 143 101 127 110 175 193 204 24 0 1936 75,4%

HEMIS NWU 51 59 59 92 87 82 110 124 100 123 129 115 154 168 171 222 238 235 248 2567

SATD RU 26 24 31 40 30 40 38 46 44 32 33 44 48 60 70 63 121 39 69 898 90,8%

HEMIS RU 28 24 41 27 40 31 46 48 27 32 44 57 67 70 76 69 84 87 91 989

SATD SuU 108 83 130 98 154 130 121 154 153 121 172 160 197 250 218 241 278 278 258 3304 98,9%

HEMIS NV 83 103 111 112 115 126 102 153 120 139 174 150 240 225 234 267 278 305 305 3342

SATD TUT 3 1 12 5 3 11 16 9 28 23 17 22 39 27 40 38 46 51 26 417 79,4%

HEMIS TUT 2 8 9 5 9 12 19 12 13 25 22 28 44 32 46 61 65 55 58 525

SATD uct 108 78 121 105 96 142 147 148 173 186 152 174 175 182 212 246 262 251 210 3168 100,7%

HEMIS uct 104 86 109 103 99 182 133 142 151 178 160 163 198 205 204 223 233 277 195 3145

SATD UFH 1 1 2 2 1 4 11 17 36 23 32 27 32 30 45 0 264 37,0%

HEMIS UFH 3 2 2 3 2 1 9 10 11 34 36 44 43 30 66 60 109 117 132 714

SATD uJ 78 59 73 80 82 86 65 78 69 81 42 54 98 71 87 94 95 125 178 1595 90,0%

HEMIS uJ 98 68 84 97 95 88 73 75 73 70 51 68 109 78 106 105 119 126 189 1772

SATD UKZN 71 63 112 120 108 86 107 120 131 152 148 134 150 184 214 254 217 41 0 2412 66,9%

HEMIS UKZN 70 47 98 135 98 98 108 106 136 159 163 154 177 207 264 338 361 388 497 3604




Source University 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total Share
2018

SATD UL 10 8 3 5 30 9 18 19 13 8 14 7 14 11 5 13 29 6 16 238 90,5%

HEMIS uL 4 3 3 10 20 15 12 17 14 17 10 17 17 14 25 25 13 15 12 263

SATD up 118 132 139 105 151 213 199 205 197 187 233 186 201 232 156 231 224 276 312 3697 90,0%

HEMIS up 114 135 153 146 187 192 148 170 180 196 188 206 200 242 237 333 302 354 424 4107

SATD UNISA 109 100 106 63 40 80 64 150 76 309 112 110 108 197 205 204 203 211 200 2 647 99,5%

HEMIS UNISA 77 68 71 76 96 92 81 78 67 71 55 93 152 201 268 235 296 286 296 2659

SATD UFS 59 66 58 59 67 62 66 64 80 81 62 48 57 78 78 96 82 0 1163 71,4%

HEMIS UFS 59 50 78 84 58 65 60 77 55 78 100 107 94 91 104 97 106 127 138 1628

SATD uwc 13 23 21 17 37 28 37 36 39 43 47 64 59 77 86 79 100 85 78 969 83,4%

HEMIS uwc 20 22 15 27 23 35 28 41 42 47 60 80 75 111 104 96 92 120 124 1162

SATD Wits 70 73 75 76 81 78 118 132 135 67 113 214 160 192 214 281 290 262 229 2 860 101,2%

HEMIS Wits 81 79 97 73 93 101 98 134 106 124 106 169 150 221 199 203 228 283 280 2825

SATD uv 1 1 0 1 1 4 0 0 0 2 7 6 6 12 15 32 16 28 45 177 104,7%

HEMIS uv 0 1 0 3 3 3 0 6 2 4 9 9 4 3 1 8 28 42 43 169

SATD uz 12 28 40 21 31 34 31 34 18 17 26 15 25 16 15 18 11 39 32 463 111,8%

HEMIS uz 17 14 21 12 29 18 31 20 13 21 19 19 28 14 25 18 32 32 31 414

SATD VuT 2 3 1 2 3 1 2 0 2 1 3 0 1 1 2 8 1 0 1 34 64,2%

HEMIS vuT 0 0 1 3 2 2 1 0 2 2 4 2 2 4 1 9 3 5 10 53

SATD WsuU 1 3 2 4 3 1 0 0 14 20,9%

HEMIS WsuU 1 0 2 1 0 0 0 0 2 0 1 4 3 3 8 15 12 9 6 67

SATD TOTAL 949 895 1097 988 1126 1265 1344 1546 1440 1671 1536 1556 1714 1958 2070 2380 2582 2105 1948 30170 | 95,1%

HEMIS TOTAL 826 801 987 1052 1103 1189 1100 1274 1182 1380 1421 1576 1878 2051 2258 2530 2782 3040 3307 31737
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The comparison shows that by the time we commenced with the contact tracing of doctoral graduates,
our database included slightly more than 95% of all doctoral theses awarded between 2000 and 2018 by
South African universities, i.e. 30 170 records in the database out of a possible 31 737 doctoral graduates.
The 95% coverage meant that there are some discrepancies between the number of doctoral graduates
reported in HEMIS and the SATD. Further cleaning of the database, however, revealed that there were
about 500 records that were duplicate entries, so the population of doctoral theses (and hence graduates)
that we worked with is estimated at 29 593 (see Table 2). There were also a number of master's theses
which were erroneously tagged as doctoral theses by the respective universities and these errors resulted
in some instances where the SATD listed more records than HEMIS. It is important to remember that the
table above shows the state of the database at the time when the sampling frame was constructed, and
precedes the ongoing cleaning and updating of the doctoral thesis database.

The next main task was to search for any kind of contact information for the approximately 29 600
graduates in our database. We brought together a team of seven assistants who worked on this task from
the first week of February 2020 to the end of June. Over this period the team completed nearly four
iterations of looking for contact information for the 29 600 graduates. The team members spent on
average between 10 and 15 minutes searching for any contact information (on Google, Linkedin,
ResearchGate and published papers by candidates for inclusion in the sample). This translates into
approximately 735 person days invested in this activity.

Table 2 Summary of process and results of contact tracing of doctoral graduates

Number of eligible doctoral graduates in the database (candidates who

graduated between 2000 and 2018 from a South African university) n=29593
Candidates found to have either retired or deceased n=216

Final sample frame for study n=29 377
Graduates for whom email addresses only were found n=15 073 (51%)
Graduates for whom LinkedIn information was found n=14 046 (47,8%)

Graduates for whom either an email address or a LinkedIn contact was
found n=25 115 (85,4%)
oun

Number of graduates for whom an email address (sometimes two
n=17 166 (58,4%)
addresses) was found

The result of this contact tracing exercise — arguably the most comprehensive of its kind ever undertaken
in the South African system — resulted in us finding different categories of contact information (emails,
LinkedIn profiles, and profiles on ResearchGate and organisational websites). In the final analysis, we
found email addresses (sometimes two or more emails for each graduate) for 17 166 of the graduates.

2.3. Web-based survey

The main data-collection method for this study was a web-based survey of the doctoral graduates for
whom we could find contact details (n=17 166). While the process of contact tracing was under way, the
teams started with the construction of the questionnaire. We describe this process in the section below,
followed by a discussion of the administration of the survey.
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2.3.1. Constructing the questionnaire

Five senior team members started the work on the development of the first versions of the draft
questionnaire to be used for the web-based survey (on the Survey Monkey platform). The drafting of the
questionnaire was informed by the version used during the Pouris & Thopil (2019) study, the terms of
reference and a review of similar questionnaires used in other doctoral tracer studies.

A final draft version was sent to the project's Reference Group in preparation for a meeting on 20 May
2020. After discussion at this meeting, the draft questionnaire was accepted. However, the research team
continued to refine the questionnaire. In addition, a pilot study was completed with 25 doctoral graduates
during the month of August 2020. In response to the feedback received from the pilot survey, final
improvements were made to the questionnaire (Annexure D). The questionnaire was subsequently
designed on the Survey Monkey platform. In addition, a cover invitation letter was drafted for approval
and sign-off by the WRC and the Reference Group (Annexure E).

2.3.2. Launching the survey

PhD graduates were invited, via email, to participate in the survey. Emails were sent to 17 166 email
addresses (we included duplicate emails for individuals when we had them) between Friday, 16 October
2020, and Sunday, 1 November 2020. Emails included standard information for CREST surveys (purpose
of the study, assurance of ethical clearance, average time to complete survey, etc.). Recipients consented
to participate by clicking on a URL link that connected to the online survey. The Survey Monkey platform
was used to conduct the survey. The survey closed on 1 December 2020, after which all information was
exported to a statistical programme (IBM SPSS) for analysis.

A web collector created on the Survey Monkey platform allowed us to create a unique URL link (directing
email recipients to the online survey) for each person invited to participate in the survey. The benefit of
this feature is that by creating unique URL links we were able to monitor the responses to the survey. This
ensured that we would not send any reminders (to participate in the survey) to individuals that had
already completed the survey. It also allowed us to follow-up on correspondence when there were
queries regarding a specific survey response. Finally, it allowed us to link responses to the records in our
doctoral thesis database.

Emails were sent to intended recipients in four batches. Between 16 and 18 October, the first 17 166
emails were sent. We received an undelivered message for 2 196 of these (after amendments were made
to 161 email addresses to rectify obvious mistakes such as misplaced full stops, misspelt domain names,
etc.). Between 30 October and 1 November, a reminder was sent to all the individuals who had not
responded to the initial survey invitation (in total 10 953 emails). The subsequent batches of emails
followed as the team was able to identify additional potential respondents, with 898 emails sent on 30
October to PhD graduates identified, 381 on 5 of November to PhD graduates that had been identified by
staff and students based at various universities across the country, and the final 133 on 11 November to
students at the Da Vinci Institute. In total, undelivered messages were received from 2 264 email
accounts, and 50 email responses were received that indicated email recipients (linked to 58 email
accounts) were unwilling to participate.
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In total, approximately® 17 581 intended recipients were included in the 18 578 email accounts identified.
Table 3 shows the breakdown of email recipients. From subsequent email correspondence, we
ascertained that five intended recipients had passed away, six had not completed their PhDs, 12 had not
received a PhD from a South African institution, six had received their PhD before 2000, and 10 indicated
that they did not want to participate in the survey (see Table 4 below). One email address was listed as
no longer active. In addition, 1 966 intended recipients (out of the 2 264 email accounts that returned an
undelivered notification) could not be contacted.

Table 3 Breakdown of email recipients

(Batch 1
Batch 1 . Batch2 | Batch3 | Batch4 | Total
reminder)
Email recipients 16 169 (10 490) 898 381 133 17 581
Total recipients not receiving any email
. . 1898 n/a 64 4 0 1966
due to undelivered emails
Recipients removed from list 50 0 0 0 0 50

Total recipients emailed (excludes
undelivered emails and recipients 14 221 N/A 834 377 133 15 565
removed from list)

Table 4 Reasons for the removal of recipients from the survey

Total

Deceased 5
Did not complete PhD 6
Did not receive PhD in South Africa 12
Email no longer active

PhD before 2000 6
Wrong email 10
Not happy to be on list 10
Four emails with duplicates 8
Total 58

By the end of December 2020, a total of 6 452 unique completed surveys had been captured on the Survey
Monkey platform. This translates into a response rate of 41,4% (6 452/15 565)*. This is a comparatively
high response rate for a web survey, probably because of the interest in this topic (we received many
comments to this effect) as well as the very efficient management of the survey process.

The unique survey link inserted in each email made it possible to track responses from individuals and

3 Individual respondents were identified by removing thesis duplicates. In cases where alternative thesis titles were
used or where an individual completed more than one PhD thesis it is possible that individual PhD graduates were
not identified.

4 It is important to note that there is a small margin of error associated with this response rate as there may have
been some double counting of PhD graduates (see footnote above). Also, in a (very) limited number of cases, the
survey link was redistributed by the recipient, thereby inflating the sample size. However, we do not believe that
these two factors change the estimated response rate fundamentally.
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match survey responses to our PhD thesis database. A Microsoft Excel spreadsheet was used to keep a
record of all undelivered emails, survey completions, responses from email recipients, follow-up actions
required, required changes to the database of PhD graduates, etc. As it was not feasible to embed an
abbreviated link within each email, a unique link was pasted in its entirety. The URL link was in the
following format https://www.surveymonkey.com/r/PhDTracer?N=[N_value]. A unique value was
inserted into the square bracket of each URL creating a unique link sent to all PhD graduates.
Unfortunately, in a limited number of cases, respondents copied and pasted the URL without the unique
value. In these cases, email addresses provided were used to match responses to respondents. In total
we were able to match 6 263 completed surveys to our database of intended recipients (out of a total of
6 452 completed responses). Unmatched survey respondents were retained in our dataset, but as we
were unable to match their information, we were unable to populate the dataset with some information,
such as the institution from which they graduated, the year the PhD was awarded, the thesis title and so
on.

Survey responses were merged with the expanded SATD using the Microsoft Excel VLOOKUP function,
merging survey responses with their corresponding expanded SATD entry through a common Survey
Monkey link number. Further VLOOKUP merges were then performed, matching respondents on the basis
of the email addresses used to send them the questionnaire, and the addresses provided by respondents
on the questionnaire. Finally, the remaining records were manually checked and merged as evident in
email addresses. Using this methodology, we were able to match and validate the maximum number of
respondents to the corresponding SATD database, while also eliminating responses that originated from
respondents not in the target population, such as participants who gained access to the survey through
shared links.

The final process of validating the completed questionnaires for statistical analysis commenced in
February 2021. In this process we identified a small number of duplicate questionnaires (respondents
who completed more than one questionnaire) as well as a small number of questionnaires which were
not completed (too many individual items not completed). A small number of records of respondents who
had graduated either before 2000 or after 2018 (n=195) were also filtered out in order to ensure that we
remained consistent with the time frame of the study (2000 to 2018). This left us with a dataset of 6 211
valid records for statistical analysis. Our sample thus translates into 19,4% of the population (32 025
doctoral graduates between 2000 and 2018).

2.3. Interviews with a selection of survey respondents

Phase 4 of the project consisted of interviews with a small sample of survey respondents who agreed to
be interviewed. The main purpose of the interviews was to explore the key themes and questions of the
study in greater depth. In particular, the interviews focused on the following:

e The circumstances surrounding the inception of the PhD (e.g. whether the individual had moved
straight from a master's degree to a PhD or whether pursuing a PhD was a mid-career decision)
and what their motivations and expectations were for doing a PhD.

e The enablers (e.g. prior work experience or networks) and obstacles (e.g. limited job
opportunities in particular fields or sectors) encountered with regard to employment following
graduation.
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e The ways in which the PhD was used to find employment and in particular work contexts.

e General perceptions of and observations relating to the value and return on investment of having
obtained a doctoral degree.

The target for this study — as requested by the Reference Group — was to conduct at least 100 interviews
with survey respondents whose doctorates were in the water and water-related fields. The focus of the
interviews, specifically on the water sector, was added after a specific request from the Reference Group
to corroborate and extend the research of Pouris and Thopil (2019) in their pilot tracer study of doctoral
graduates in the water sector.

Our point of departure, therefore, was to demarcate these fields and develop a set of search terms that
could be used to identify potential interviewees.> The search terms that were used in the first round of
selection are indicated in Figure 1 below. These were applied to the thesis title and scientific field entries
in the survey database. The output records were then reviewed manually to ensure that they accurately
reflected the search criteria. This process generated a list of 118 potential interviewees. Of these,
interviews with 85 respondents were initially secured. In order to reach the target of 100 interviews, it
was thus necessary to run a second round of selection. In this phase, we elected to focus on two other
critical areas of research linked to national and global challenges, namely energy and food security. The
search terms used to identify participants in this second group are also captured in the figure below.®
These generated an additional 54 potential interviewees. Of these, 23 interviews were secured. In total,
113 interviews were conducted.

5 We based this initial demarcation on three sources: (1) the section on water research in the 2019 SciSTIP report,
The State of the South African Research Enterprise, (2) commonly used bibliometric approaches to identifying water-
related articles according to subject journal categories, and (3) a review of the WRC and Department of Water and
Sanitation websites.

% In addition to the terms "energy" and "food", commonly used bibliometric terms for identifying energy and food-
security-related articles according to subject journal categories were included.

15



General:
e  Water supply, catchment, hydrology

e \Water sources, rivers, oceans, lakes,
estuaries, aquifers, wetlands,
groundwater

e Water storage, dams, reservoir,
catchment

e \Water demand
e \Water distribution, services
e Water infrastructure

e  Water quality, pollution, effluent,
wastewater treatment

e  Water scarcity, drought, desalination

e Sanitation, effluent, sewage

In relation to specific industries, especially mining and
agriculture:

e Water use efficiency, irrigation, wastewater
treatment, water technology

Cross-cutting aspects:

e Water-related planning, management, governance,
funding, human resources, education and training

Oceanographic:

e Ocean, marine, aquatic, polar, Arctic

Within biological or chemical domains:

e E.g. limnology, bioprocessing or nanotechnology

Energy:

e Electricity generation, transmission,
distribution

e Biofuel, biogas, shale, hydro fuel
e (Clean technology, clean energy

e Coal

e Green technology, PV technology
e Nuclear — engineering, fuel

e Decarbonisation, low carbon

e Energy — green, renewable, wind, solar, wind

Food security:

e Food security/insecurity

e Food crisis

e Food supply, access, availability, abundance
e Food shortage, scarcity, limitation

e Food consumption, use

e Food limitation, insufficiency, poverty

e Food system

e Nutrition security

e Household dietary diversity

e Household food expenditure

Figure 1 Key terms used to identify interview respondents




The range of scientific disciplines within which respondents' PhDs fell are highlighted in the word cloud
in Figure 2 below.
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Figure 2 Range of scientific disciplines of interviewees' PhD theses

Once the interviewees had been identified, they were allocated to members of the four-person interview
team. The interviewers sent email invitations to the prospective interviewees using the template provided
in Annexure C. Among other things, the invitation letters provided a brief overview of the broad areas
that the questions would cover and requested consent to record the interviews. Ethical clearance from
Stellenbosch University for the interviews had already been obtained at the start of the study.

In parallel to the scheduling of interviews, the survey responses from each prospective interviewee were
generated as outputs in MS Word documents. The interviewers used these survey responses as the basis
for the development of interview schedules that were tailor-made for each respondent. An anonymised
example of an interview schedule is provided in Annexure D. The interviews were conducted during April
and May 2021, mostly online via Zoom, MS Teams or Skype. In a few cases where Internet connectivity
was problematic, the interviewers sent respondents their interview questions via email and received
written responses.

The interviewers transcribed their own interviews — although in a few cases also transcribed some of the
interviews conducted by other team members. The team used the online software application Otter.ai to
generate the first draft of the transcripts. These were then reviewed and checked for accuracy by the
interviewers. Where interviewees asked for the interview schedule before the interview or for an
opportunity to review the transcript of their interview, this was facilitated.

The interview data were analysed by two of the interview team researchers. The coding of the data was
undertaken using the data analysis software ATLAS.ti. An initial set of codes was developed based on the
key focus areas and questions of the study and in consultation with the survey team. Additional codes
were generated inductively as the transcripts were analysed. Inter-coder reliability was maintained via
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ongoing communication and reviewing of coding between the two team members involved.

Once the coding was complete, analysis proceeded with the concurrent activities of grouping of codes
into categories; the identification of patterns, spectrums and linkages within and among the codes and
code categories; the development of themes; and writing up the first level of description of the data and
analysis.

2.4. Analytical framework for data analysis

The general aim of this study is to trace the employability, career paths, mobility and other attributes of
a representative sample of PhD graduates from South African universities across a range of sectors and
disciplines. The study implemented a mixed-method design, more specifically an explanatory sequential
design (Cresswell & Clarke, 2011). The relevant design, as applied in this study, began with a quantitative
phase (the survey), followed by a qualitative phase (the interviews). The purpose of the qualitative follow-
up was to explain and contextualise the patterns and trends of the survey, and to illustrate the findings
of the survey with selected excerpts from the interviews. Due to the nature of the mixed-method design
used, the results of the survey were prioritised in data analysis, with the interview data providing
additional insight into the phenomena studied. The development of an analytical framework for data
analysis was also mainly informed by the survey questions.

The survey questions — which guided the analytical framework — were developed to address a set of key
themes, which are summarised in Table 5, together with their associated topics and the relevant variables
used in the quantitative analysis.

The qualitative interview data, which was analysed using procedures of theme development, played a
subsidiary — yet crucial supplementary — role in the execution of the analytical framework. The coded
themes and the short extracts from the contextually rich interviews were used to illustrate and elaborate
on the different topics of the survey component of data analysis.

The analytical framework also informed the structure of the report, specifically the data presentation
sections, as will be evident in the next chapters.

2.5. Areflection on the research process

We have, in our description of our methodology, explained that the data collection for this study was
done during the latter half of 2020 and early months of 2021. During these months, the COVID-19 alert
levels of South Africa were continuously updated and both the quantitative and qualitative data collection
were done via online platforms. The research team did not experience any particular challenges
associated with the limitations imposed by the COVID-19 pandemic. No adjustments had to be made to
the web survey, as electronic surveys have become the norm in survey methodology. In terms of the
interviews, the research team felt that the pandemic accelerated the need to implement new
technologies in communication which were ultimately advantageous to the team. With technologies such
as Zoom, Skype and Microsoft Teams becoming widely used, the research team was able to conduct face-
to-face interviews with little difficulty. Without the widespread use of these technologies, the team would
have most likely had to conduct telephonic interviews, which might have been less effective for
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establishing rapport with interviewees. The use of technology in the transcription of the interviews was
also advantageous to the team.

Some limitations, however, were experienced where the members of the research team were not able to
regularly meet and reflect on the process and findings, but generally the negative impact of COVID-19 on
the research process was negligible.

This study is the first national tracer study of doctoral graduates in South Africa. What we have presented
in the current report are the main findings on the career trajectories of doctoral graduates, but given the
invaluable nature and size of the data collected, there are many avenues for further research or analyses
that could build on what is presented here. One such avenue is identifying trends in the career trajectories
of doctoral graduates in sub-sectors. In Appendix A we present such an analysis of graduates in the water
and water-related sector. Such studies on could inform sectoral trends and subsequent policy
recommendations. The research team would welcome follow-up studies both internally and by external
users. The future use of the data would then be subject to standard rules and protocols related to the
secondary analysis of data.

2.6. Overview and structure of report

The general aim of the tracer study is to trace the employability, career paths, mobility and other
attributes of a representative sample of PhD graduates from South African universities across a range of
sectors and disciplines. As such, the survey questions were developed to address a set of key themes,
namely the interrelated matters of career paths; post-graduation decisions about employment and
career; opportunities — and limitations and constraints — for employment following graduation; the
application or use of skills, expertise and/or outputs of the PhD in post-graduation employment; and
mobility — between sectors, places of work and/or geographic locations. The dimensions and constructs
studied in the survey are summarised in the table below.

Table 5 Outline of data analysis and structure of the report

Broad theme Questions/variables Grouping variables
Chapter 4: e Employment status during the PhD e Year PhD awarded (four
Employment status o  Financing of doctoral studies periods)
during doctoral studies o Age
e Gender
e Race
e (Citizenship

e Scientific domains
e Sector of employment

Chapter 5: e Employment following immediate e  Year PhD awarded (four
Tracking the completion of the PhD periods)
employment pathways o Challenges to finding employment | e Age
of doctorate holders e Most recent employment e Race
e Intersectoral mobility e Gender
e (Citizenship
e Scientific domains (incl. STEM
and SSH)

e Sector of employment
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Broad theme

Questions/variables

Grouping variables

Chapter 6:

The postdoctoral
research fellowship
career path

Chapter 7:
Geographic mobility of
doctoral graduates

Chapter 8:
Utilisation and value of
the doctorate

Changes over time

Profile of postdoctoral fellows
Reasons underpinning the acceptance
of (a) postdoctoral fellowship(s)
Geographic mobility of postdoctoral
fellows

Employment after the postdoc

General trends in the geographic
mobility of graduates

Reasons underpinning mobility-related
choices

Outward mobility of South African
graduates

Utilisation of the PhD

o Research skills

o General, transferable skills

o Managerial responsibilities

Reflections on the value of a PhD

degree

o Overall levels of satisfaction

o Motivations for and expectations
of doing the doctorate

o Value of the PhD in terms of
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Chapter 3: The sample and its representativeness

In this chapter we address two key issues: (1) the size and nature of the cohorts of doctoral graduates
who graduated from any South African university between 2000 and 2018; and (2) a discussion of the key
features of our sample and why it can be regarded as being representative of the population of doctoral
graduates over this period.

3.1. Adescription of doctoral graduates in South Africa: 2000 to 2018

We begin our discussion with a statistical overview of the key patterns and trends in the production of
doctoral graduates at South African universities on the basis of selected demographic indicators. Using
the database containing the records of all PhD graduates from South African universities for the period
2000 to 2018 as captured by the Higher Education Management Information System (HEMIS), we present
the basic statistics on the following features:

Total number of doctoral graduates per year: 2000 to 2018.
Graduates per year disaggregated by gender: 2000 to 2018.

w N e

Number of South African black doctoral graduates: 2000 to 2018 and doctoral graduates
disaggregated by race (2000 to 2018).

Graduates per year disaggregated by nationality grouped as RSA/RoA/RoW: 2000 to 2018.
Average age of graduates at time of graduation by year: 2000 to 2018.

Graduates by main science domains: 2000 to 2004, 2005 to 2009, 2010 to 2014, 2015 to 2018.
Graduates per year disaggregated by STEM and non-STEM fields: 2000 to 2018.

Doctoral graduates disaggregated by universities and year: 2000 to 2018.
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3.1.1. Total number of doctoral graduates per year: 2000 to 2018

Between 2000 and 2018, a total of 32 025 doctoral students graduated at South African universities. As
is clear from Figure 3, annual output remained relatively stable during the first decade of the 2000s and
then displayed rather steep growth from 2009 onwards. The compound annual growth rate (CAGR) for
the entire period is 7,1%, but for the period 2009 and 2018 it was 12,2%.
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Figure 3 Number of doctoral graduates from 2000 to 2018
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As we have indicated in other studies (Mouton et al., 2019), this growth was mainly due to the steep
increase in the number of doctoral enrolments and graduates from other African countries.

3.1.2. Doctoral graduates per year disaggregated by gender (2000 to 2018)

The overall increase in the production of doctoral graduates between 2000 and 2018 has not been
accompanied by any change in the relative shares of male and female graduates. As Figure 4 shows, the
percentage of female doctorates has remained quite stable at about 42% over this period.
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Figure 4 The proportion of female to total graduates

3.1.3. Number of black South African doctoral graduates (2000 to 2018)

While the relative shares of female and male graduates remained unchanged between 2000 and 2018,
this is not true for the racial distribution of these graduates.

Figure 5 shows a steep increase in the number of black (South African) graduates between 2000 and 2018.
The increase from only 194 graduates in 2000 to 987 in 2018 (as illustrated by the blue line) translates
into a high CAGR value of 9,8%.
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Figure 5 Increase in the number and percentage of black South African graduates
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As a result of this growth, the overall demographic profile of South African doctoral graduates changed
drastically between 2000 and 2018. The data, as illustrated in Figure 6, show that the shares of black
students among all doctoral students more than doubled over the past two decades — from 25% in 2000
to 54% in 2018 (as illustrated by the red bars in the graph above).

When we further disaggregate the race of doctoral graduates, we see that there have been slight
increases in the proportional share of coloured and Indian doctoral graduates between 2000 and 2018,
where the number of graduates has increased fourfold in the same period — an increase for coloured
students from 31 in 2000 to 116 in 2018, and for Indian/Asian students from 46 in 2000 to 171 in 2018.
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Figure 6 Breakdown of doctoral graduates by race

3.1.4. Doctoral graduates disaggregated by nationality (2000 to 2018)

In Figure 6 we display the differences in the annual numbers of doctoral graduates of South African
students, with those from the rest of Africa (RoA) and the rest of the world outside Africa (RoW).
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Figure 6 Comparison of annual production of South African and international doctoral graduates (2000 to 2018)
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SciSTIP has documented the substantial increase in the numbers and shares of doctoral students from
the rest of Africa (RoA) over the past 19 years in many of its documents (Mouton et al., 2019, and Mouton,
Cloete and Sheppard, 2016). Figure 7 shows the increase in the share of doctoral graduates from the rest
of African over this period, from 7% of all doctoral graduates in 2000 to 39% in 2018.
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Figure 7 Percentage of doctoral graduates from the rest of Africa (RoA) and the rest of the world (RoW) from
2000 to 2018

3.1.5. Average age of graduates at time of graduation by year: 2000 to 2018

The age profile of doctoral students at South African universities — both at the commencement and the
completion of their studies — differs quite dramatically from countries in northern Europe, the USA and
elsewhere. In these countries the majority of doctoral students study full time and often receive sufficient
funding to study full time towards their doctoral degrees for four to five years. As CREST has indicated in
numerous studies, the fact that approximately 60% of all doctoral students in South Africa enrol for
doctoral studies while they are in some form of full-time employment invariably translates into an older
average age for South African doctoral students. This is clearly illustrated in Figure 8 below where the
analysis of the HEMIS data shows no real change in the average age of the South African doctoral student
at graduation (between 40 and 41 years old) over the past two decades. Given that the average doctoral
student takes about four to five years to complete their studies, this means that the average age at the
commencement of doctoral studies is about 37 years. However, we should immediately point out that
there are large field-specific differences as far as these statistics are concerned. We will return to this
point later in the report.
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Figure 8 Average age of graduates between 2000 and 2018

3.1.6. Graduates by main science domain: 2000 to 2018

Given the fact that trends in doctoral production vary significantly across scientific fields and disciplines,
we include two graphs (Figure 9 and Figure 10) that highlight the differences in the profile of South African
doctoral graduates over this period. We have recoded the standard CESM fields (at level) into nine science
domains (see below) and compared our sample with the profiles of the national population for the four
graduation windows (Figure 9). The purpose was to establish whether there were any significant shifts in
the relative shares of graduate production by field. In Figure 10 we collapsed these nine main domains
into two standard categories, namely, of STEM (science, technology, engineering and mathematics) and
non-STEM (social sciences and humanities).
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Figure 9 Percentage of doctoral graduates in nine scientific domains for the four graduation windows
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The results show very few big shifts in the relative shares of doctoral graduates by four-year window. The
most obvious shift is the decline in the share of doctoral graduates in the economic and management
sciences (from 20% in the first period to 13% in the most recent period). The domain that has recorded
the largest relative increase are the physical, chemical and mathematical sciences (from 8% to 14%).
There has also been a small increase in the relative production of doctoral graduates in the health and
medical sciences (11% to 13%). For the remainder, rel