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Motivation (I) – Trends in output & highly cited papers

Motivation (II) – Why are HCRs important?
1. HCR are the people who are on the cutting edge of their fields. They are performing
and publishing work that their peers recognize as vital to the advancement of their field.
(Parker et al. 2010).
2. These scientists usually are integrated in international networks where new ideas and
technologies are often being discussed. They can act as important conduits of frontier
knowledge into the local academic research community (Barnard et al. 2012)
3. HCR are often seen as key drivers of knowledge production for their countries
(Waldinger 2016). They usually obtain high amounts of international research funding
and attract other good researchers, which can reinforce the accumulation of scientific
capabilities.

What is a highly cited researcher?
• There are various ways to define a highly cited researcher (HCR):
- Absolute number of citations (Garfield, 1977; 1981)
- Thomson Reuters HCRs - top1% in 21ESI
- Contributing to a set of very highly-cited publications in a specific field and year (e.g.
Bornmann et al. 2017)
• Highly cited publications usually are associated with opening a research field or
change the direction of a present field (Aksnes 2003; Aksnes and Rip 2009)
• In this study, we will consider researchers that are authors of at least one of the top
5% and top 10% most cited papers published each year in a certain field (WoS 250
fields), between 2005 and 2014.

Examples (I)

Combination of bibliometric and survey data
• Bibliometric data
- WoS (2005-2014) – Articles & reviews
- Top 5% and Top 10% more cited articles
- Authors that have an African affiliation (whole/full counting method)
• Survey data
- Run by CREST (Univ Stellenbosch) between May 2016 and January 2017
- Sent to all researchers with an African affiliation that were authors of publications in
WoS during the last ten years (2005-2015)
- The questionnaire response rate was acceptable (~10%), with 7513 answers.
• Matching
- Using algorithms to identify email addresses, names and affiliations in both datasets
- 3271 observations compose our final sample. 260 are top10%; 145 are top5%.

Factors that affect the probability of producing a highly cited paper
•

Experience*
- Productivity = Pubs/academic age (Abramo et al. 2014; Lariviére and Costas 2016; Sandström and
van den Besselaar 2016)
- Academic age (Kuhn, 1962 & Simonton, 1999 VS Merton, 1968)
•

Demographic characteristics
- Region of highest qualification - knowledge recombination & mover’s advantage (Fleming 2001;
Franzoni et al. 2014; Uzzi et al. 2013)
- Gender (ambiguous…)
• Challenges faced in their career (1 to 3)
Scientific institutions in many African countries suffer from specific challenges such as poor conditions
and opportunities for research personnel, lack of funding and political instability (Mouton 2008)
- Mentoring and support
- Training opportunities
- Mobility opportunities

Factors that affect the probability of producing a highly cited paper
• Collaboration effects (Glänzel et al. 1995; Katz and Martin 1997; Narin et al. 1991)
Collaboration intensity (1 to 5) with researchers at:
- their own institution
- other institutions in their own country
- institutions in other African countries
- institutions outside of Africa*
•

Working habits
- Number of hours worked (Parker et al. 2010)
- Percentage of time spent in: a) research; b) supervising postgraduate students; c) raising funds for
research; d) undergraduate and postgraduate teaching
•

Funding resources
- Being the primary recipient/grant holder of some research funding (Gök et al. 2016; Wang and
Shapira 2015)
- % International Funding (Gök et al. 2016)

Conceptual Framework for Econometric Analysis
Multivariate probit regression model using cross-section data (errors clustered at the subject area level):

•

Dependent variable – dummy variable (y) that is 1 for an researcher with an African affiliation,
which is a (co-)author in a highly cited paper (top 10% or top5% in each of the 250 WoS
Categories), and 0 for a non-highly cited researcher with an African affiliation.

•

Independent variables – Academic age*, productivity, higher qualification non-Africa, hours
worked (8-80), time spent in different activities (4*), level of collaboration (4*), challenges faced in
the career (4*), funding holder (3y), % of international funding (3y).

•

Robustness checks to see differences between:
- Younger vs older researchers (<= or > 10) - Friesenhahn and Beaudry (2014)
- Subject areas (5 OECD)
- Africa regions (ZA; non-A. resident; Northern A.; E&C&W)

Descriptive Analysis (II) – Geographical representation
• South African
predominance
• Relevance of foreign
researchers
• Egypt is underrepresented

Descriptive Analysis (III) – Gender and subject area
• Humanities were
excluded
• Gender
differences by
field were
expected
• There are highly
cited authors in
every category

Descriptive Analysis (I) – Summary statistics
• Evolution of HC10 is high
• Average producivity is 1.14 paper per
year. Max = 18
• 34% did the PhD abroad
• 30% female
• Collaboration is higher with
institutions outside Africa than with
institutions from other African
countries
• 41% were primary holders of funding in
the last 3 years
• The share of international funding is 26%
on average

Econometric Results (I) – top10% vs top5%

Note: *** p<0.01, ** p<0.05, * p<0.1. Std. error adjusted for 5 clusters (areas).

•
•
•
•
•
•
•

Productivity is consistently positive and significant
Acad. age is significant when not controlling age^2
Qualif. Non-Africa also positive and significant
Challenges are negative as expected but only significant
for training opportunities
Collaboration outside Africa is positive and significant
Time spent on teaching negative and significant when non
controlling for lag dependent variable
Lag dependent variable always positive and significant

Econometric Results (II) – top10% by age
•
•

•
•

•

•

Note: Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1. Std. error adjusted for 5 clusters (areas).

Productivity is consistently positive
and significant
The coefficient of academic age is
higher for younger researchers
(decreasing marginal returns).
PhD outside Africa more important
for younger researchers
Lack of training opportunities also
more relevant for younger
researchers
Time spent on teaching also seems
to penalize more younger
researchers
Collaboration outside Africa more
important for older researchers

Econometric Results (III) – Subject area differences
•
•
•
•

•
•
•
Note: Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1. Std. error adjusted for 5 clusters (areas).

Academic age is particularly important
in Social sciences
Productivity is consistently positive
and significant
PhD outside Africa only for Natural
Sciences
Lack of training opportunities affect
more negatively on Agricultural
Sciences and Medical and Health
Sciences
Collaboration outside Africa is more
important on Agricultural Sciences
Time spent on teaching, negatively on
Natural and Social Sciences
Time spent raising funds is particularly
important on Medical and Health Sci.

Econometric Results (IV) – Regional differences
•
•
•

•
•

Productivity is consistently positive and
significant
PhD outside Africa more important for
Northern Africa
Collaboration outside Africa, very
important for all regions except for
Eastern and Western Africa (for them only
productivity and previous performance
matter)
More time spent on teaching negative and
significant for South Africa
Lag dependent variable always important

Preliminary Conclusions
• The growing number of papers and highly cited papers with an African author has been
strongly backed up by South African scientific production and African based outside of
Africa.
• Higher productivity is associated with higher probability of producing HC papers*
• Researchers that reported that during their career they had a lack of training
opportunities have a lower probability of having a highly cited publication.
• For younger researchers (academic age <= 10) having done their PhD outside Africa
and spending relatively less time teaching is associated with a higher probability of
producing highly cited research.
• For older researchers that is not so important. For them, collaborating more often
with researchers outside of Africa is much more relevant.

Implications for policy
1) Cumulative properties of scientific production.
2) Well targeted personal support at the beginning of a career can play a decisive role in
fostering professional growth and success of young scholars.
• Training opportunities are important, but also
• Spending less time teaching and having the opportunity to go abroad to do the PhD (!)
3) The characteristics of highly cited researchers may not be the same in different subject areas
and different regions.

Limitations
• Binary approach – What is the frontier?
• We assume that a co-author of a highly cited paper is necessarily a important author in the
paper (design, methodology and writing)
• Our variables related to collaboration patterns, funding received, challenges faced and time
spent on different activities are assumed to be constant during the career of all researchers
in this survey
• There may be other factors that are also relevant for our model that are not included:
- Inherent (childhood) ability or genius of a researcher (Simonton 1999)
- Professional marginality from the discipline they changed (Kuhn 1962)
- The “lucky” element in science or serendipity (Roberts 1989)

Thank you!

Descriptive Analysis (II) – Hours worked per HCR (top1 & top10)

•
•
•

HCR10 & HCR5 ~ 42 hours a week; non-HCR10 = 37 hours a week
Number of hours spent on teaching seems to be the only substantial difference
Raising funds and research to a certain extent…

Descriptive Analysis (III) – Academic age per HCR (top10 & top5)

•

HCR produce approximately three times more papers per academic year than non-HCR (3.3 vs. 1.1).

Descriptive Analysis (IV) – Productivity per HCR (top1 & top10)

• As regards academic age the difference is not that large. On
average the academic age of HCR is 1.6 higher than non-HCR
(16 vs. 10).

