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The Objectivity of National Research Foundation Peer Review
Based Ratings in South Africa∗

J.W.Fedderke†

Abstract

This paper examines the strength of association between the outcomes of National Research Foun-
dation (NRF) peer review based rating mechanisms, and a range of objective measures of performance
of researchers. The analysis is conducted on 1932 scholars that have received an NRF rating or an NRF
research chair. We find that scholars with higher NRF ratings record higher performance on average
against the objective measures of absolute output and the impact of their research, than scholars at
lower ratings. In addition, the higher the performance of scholars against all objective measures of ab-
solute output and impact, increases the probability of higher rating. However, we also find that the
probability of achieving a B-rating remains higher than that of acheiving an A-rating even at the very
highest levels of recorded performance for South African scholars. In addition, scholars who have received
the highest ratings record objective levels of research output and impact of their research that are no
different from the minimum levels of objective performance at much lower NRF ratings. Moreover, we
find strong cross-disciplinary differences in terms of the impact that objective levels of performance have
on the probability of achieving different NRF ratings. Finally, we report evidence that NRF peer review
is less likely to reward multiauthored research output than single-authord output.

JEL Codes: H83; I22, I23.
Keywords: subjective research ratings; objective research ratings; research funding.

1 Introduction
Scientific research has come to rely heavily on public funding. Budget constraints in turn impose the need for
funding bodies to make hard choices on which research initiatives to favour, and which to decline. Given that
such decisions can carry substantial bearing on the career prospects of scholars, it is not surprising that the
decision making of funding bodies are viewed as being incompletely objective, and subject to allegations of
bias and inconsistency of various hues. Unfortunately, in general such claims are difficult to assess objectively
against real data, and removed from the animus of disappointed expectations. However, in this paper we
are able to compare the peer review-based ratings activities of a funding body against a range of measures
of objective scientific output and impact, in order to assess the consistency of the decisions of the funding
body. In the light of the analysis, we are able to draw some inferences on the extent to which the decisions
of the funding body reflect the scientific merit of the scholars that it considers.
The principal source of funding for scholarly research in South Africa is the National Research Foundation

(henceforth NRF). Critical to the funding mechanisms of the NRF are a range of peer review mechanisms.
These underlie the rating of scientists that is associated with the award of prespecified funding grants, as well
as the evaluation of specific project funding requests.1 In terms of current funding allocations, the annual
budget allocation of ZAR3 million per chair under the South African Research Chair Initiative, constitutes
the single most significant allocation of funding to individual researchers that the NRF awards, and that the
NRF indicates are chosen on the basis of rigorous peer review. On the NRF research budget this leaves, on
average, funding of approximately ZAR20,000 per active researcher in South Africa. This very substantial
differential in research funding will inevitably be critical in the career prospects of researchers. As such, that

∗The author acknowledges the research support of Economic Research Southern Africa in completing this paper.
†Pennsylvania State University, Economic Research Southern Africa, University of the Witwatersrand. jwf15@psu.edu
1Though these have declined as a proportion of the total funding granted by the NRF.
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the peer review process is impartial, rewards true merit, and serves the development of scholarly activity is
therefore of critical significance to researchers in the South Africa.
Given the centrality of peer review to the funding allocation of the NRF, it has a major impact on the

feasibility of conducting research in South Africa. As such, it is central to the efficient functioning of science
in South Africa. It is also critical to the career prospects of members of the scientific community.
It is therefore not surprising that the review mechanisms of the NRF are often subject to controversy

amongst the scholarly community. One of these sources of controversy arises from claims that the peer
review mechanism is subject to bias at worst, or inconsistency across researchers and disciplines at best.
The standard NRF response is that such controversy is the result of the disappointment that results

from hard choices having to be made between alternative research initiatives in the presence of hard budget
constraints. A further response is that the NRF peer review process is able to consider the impact of scholarly
output, rather than the simple quantity of output of a researcher. The inference that is drawn is that NRF
rating and evaluation procedures, by relying on the evaluation of peers, have the flexibility and insight to be
able to reflect true scholarly merit, and the true influence of research work on the disciplines of researchers.
Such counterclaims are plausible. Especially since there has been no mechanism by which to objectively

evaluate the claims of disgruntled members of the scholarly community, against those of the funding agency.
In effect, claims of bias and inconsistency are immediately subject to the limitation that they are based
on anecdote, not data. On the other hand, since the NRF undertakes its peer review under conditions of
anonymity and in a closed review process, the claims of the NRF that its peer review process issues in reliable
outcomes, is inherently not verifiable due to the lack of transparency of the process. In this, its peer review
is not subject to the same public scrutiny that the publications process in peer reviewed scholarly journals
faces once a scholarly contribution is accepted for publication.
It is no longer the case that data on the absolute level of research output, and the impact of research

output of scholars is not readily available. Instead, a wide range of measures that measure both the number
of scholarly contributions of scholars, and an even wider range of alternative measures that measure impact
through citations and various derivatives of citations-based measures are now available for consideration.
Such data enables an examination of a simple but important question. Are the objective measures of

scholarly performance in terms of both absolute output and of impact, systematically related to the ratings
that are awarded to scholars in South Africa on the basis of the NRF peer review processes?
The findings are nuanced. The objective performance measures of scholars are found to be positively

associated with the prestige-level of the NRF rating they obtain. In addition, absolute publications output
as well as impact as measured by citations (and its various derivatives) both are found to raise both the
probability of any specific NRF rating, as well as the level of the NRF rating of a scholar. Such findings
lend support to the NRF peer review process, in the sense that the resultant ratings appear to be associated
significantly with objective performance.
However, the evidence also suggests that even at high levels of objective performance measures (in both

output and impact terms), lower-ranked ratings may be more probable than higher-ranked ratings, and
top-ranked scholars in the NRF system generate objective performance measures that correspond close to
minimum levels of performance of scholars at low-ranked NRF ratings.
What is more, the data also suggests that there exist quite distinct probabilities of achieving the various

NRF ratings categories across disciplinary groupings. Such disciplinary differences extend to the impact that
improvements in the objective performance measures have on the probability of achieving any of the specific
NRF ratings. In summary, the disciplines in which it is easiest to translate objective performance into a
higher NRF rating are the Physical Sciences, closely followed by the Social Sciences. Engineering and the
Chemical Sciences are the next most responsive to improvements in objective performance measures. The
Business Sciences, the Biological and the Medical Sciences appear the most demanding in terms of their
requirements in terms of objective performance in the NRF rating system. Such differences are substantial.
The implication is that NRF claims that their peer review mechanisms are based on an objective consider-

ation of research impact are only incompletely supported by our data. While more highly rated scientists do
report higher performance on objective measures of output and impact, inconsistencies across NRF ratings
and across disciplines are such that they suggest that concerns regarding the objectivity and consistency of
NRF peer review are more than purely anecdotal.
The paper proceeds as follows. Section 2 provides some brief background which places the NRF in some

international comparative context. In section 3 we introduce the measures and data sources employed for
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this study. Section 4 presents the sources of the data that we employ for the study. In Section 5 we present
our results, and Section 6 concludes.

2 Placing the National Research Foundation in Some Context
The purpose of the present paper is not to evaluate the funding model that the NRF operates. Nonetheless, it
is useful how the NRF compares to some other international research funding bodies, though our exposition
will be brief.
Research funding agencies are generally characterized as belonging to one of three distinct models. Intra-

academic models rely on peer review by researchers that are themselves active in a designated area of
expertise. Top-down models by contrast follow funding allocation mechanisms that are directed in terms of
some overarching social and/or political objectives. Most recently, the literature has suggested that at least
in some advanced industrial countries funding is allocated in terms of a "triple helix," an interaction between
researchers, business and wider economic interests, and political interests, with a strong focus particularly
on commercial applications.2

Within this characterization, the explicit claim of the NRF is that it follows the intra-academic model -
of relying on peer review in order to review the merits of scholars and of proposals.
Reliance on peer review in turn presumes the existence of yardsticks in terms of which peers evaluate

one another. While there are many alternative definitions of scholarly excellence,3 research output has
to play a role in any attempt to provide assessments across alternative researchers.4 While the ultimate
objective of scholarship is arguably the generation of knowledge,5 the proximate means to this end is the
publication of research findings subject to peer review,6 since this is the vehicle by means of which knowledge
is disseminated and is rendered open to scrutiny. Significance of the research finding in turn depends on
the impact that the publication has - as measured by citations for instance.7 Accordingly, citation counts
have gained increasing currency in assessing the impact of research output.8 On the other hand, there may
be a range of reasons for citations, including ones that are not correlated with scholarly impact.9 As a
consequence there are also objections to the use of citations-based measures of impact,10 and arguments in
favour of more subjective assessments, typically relying on peer assessment.11 However, peer review is also
subject to limitations, including a lack of transparency and verifiability,12 while section 3 illustrates that
objective measures of impact can be adjusted for a wide range of perceived limitations.
Whatever the merits of this debate, the NRF relies on peer review, and does not take explicit cognizance

of any objective measures of research impact. In this is differs from a number of international funding
bodies,13 though there are certainly also funding models that are not based on objective performance.14 It
is worth noting, however, that budgetary pressures internationally have led to political pressure on research

2See the discussion in Benner and Sandström (2000), and the introduction of the triple helix concept in Leydesdorff and
Etzkovitz (1996). Adler et al (2009) document some of the associated complexities of managing research funding agencies in
this type of context.

3 See the discussion in Cole and Cole (1967) and Collins (1982).
4 See the discussion in Moed et al (1985) and Nagpaul and Roy (2003). An alternative would be to assess the quality of the

research process (inputs) by means of which results are arrived at. Clearly the rigor with which research results are derived is
important - but the most pristinely virtuous research process that regularly produces no results can not readily be argued to
hold much scholarly value. And the scholarly rigor of any research results will presumably be reflected in the extent to which
the scholarship impacts its field - as manifested in citation counts, say.

5 See Hare and Wyatt (1992) and Gulbrandsen and Langfeldt (2004).
6 See Bence and Oppenheim (2004) and Ramsden (1994).
7 See for instance Bordons et al (2002), Egghe and Rousseau (2002), Fox (1983), Ho et al (2003), and Moed et al (2002).

There are alternatives that are employed, particularly success in raising funding grants. However, the evidence suggests that
success at rasing funding and bibliometric (eg. citations based) measures of objective performance are strongly correlated - see
for instance Hornbostel (2001).

8 See for instance Narin (1976), and Frohlich and Resler (2001).
9 See for instance the discussion in Weinstock (1971), Basu and Aggarwal (2001).
10 See for instance Edge (1979) and Leydesdorff (1998).
11 See Van Raan (2000), while Gillett (1989), Roberts (1999) and Kuldell (2004) argue that the peer review mechanism receives

the most wide-spread support amongst scholars.
12 See the discussion in Horrobin (1990) and Moxham and Anderson (1992).
13 See the discussion in Debackere and Glänzel (2003) on the Belgian funding bodies, while García-Aracil et al (2006) subject

the evaluations of Valencian rating bodies to scrutiny against objective measures of performance.
14 Jongbloed and Vossensteyn (2001) provide a useful overview of OECD country models.
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funding bodies to improve accountability and efficiency. The response has been either to rely increasingly
on objective performance measures, or alternatively political pressure has resulted in a shift to funding that
is directly tied to specific research objectives through contract research.15

3 The Ratings Indexes
This paper uses a number of measures of scientific standing. These comprise both subjective measures (those
compiled by the NRF), and objective measures based on absolute research output and research impact as
measured by a range of citations-based measures.

3.1 The Objective Measures of Scientific Standing

There are now a wide range of objective counts of scholarly output available. In this study we employ a
range of measures that capture both absolute research output, as well as the impact of such research as
measured by citations.
The first set of objective measures of scientific standing employed for this study are based on publications

counts. We employ two distinct measures. The first is the total number of papers attributed to an author.
The second corrects for multiple authorships, by recording the average number of papers per author (by
Papers/Author).
Raw publications counts do not account for the impact of research. Given NRF claims that their peer

review mechanisms account for the impact of research, rather than the absolute amount of output, it is
critical that this study employ measures designed to measure impact. We employ three raw citations-based
measures of impact. The citation counts measure records the total number of citations attributed to an
author. Since the total citations count provides an implicit advantage to older scholars (they have had a
longer period in which to accumulate citations), the second measure records the average number of citations
per paper attributed to an author. For similar reasons, the third measure records the average number of
citations per author.
We thus have two sets of measures that count either absolute output, or the impact of output. The

literature on measuring scholarly impact has also proposed a set of composite measures, that combines
absolute output and citation counts. In the case of Hirsch’s h-index, the objective is explicitly to provide
a robust single-number metric of an academic’s impact, combining both the number of publications with a
measure of impact as indicated by citations.16 A scholar has an index of h if h of his/her Np papers have at
least h citations each, and the other (Np − h) papers have no more than h citations each.17 The h-index is
arguably the most widely cited objective measure of scientific standing.18 Advantages of the h-index include
that it combines both quantity and quality of achievement in a single metric,19 since in order to achieve a
high h-index not only does an author require a high number of publications, but they have to consistently
achieve a high number of citations. As such it corrects both for single high-impact publications, as well as for
authors that publish a large number of uncited papers. Instead the h-index favours academics that publish
a continuous stream of papers with lasting and above-average impact.20 The measure is reported to have
strong validity.21

15 See the discussion in Jongbloed and Vossensteyn (2001) on the OECD as a whole, Geuna (2001) on the European Union,
and Echererria (1998) on Latin America. The financial allocation of the NRF to research, gives an indication that the NRF is
subject to similar pressure, with rising contract research allocation. The literature suggests that one mechanism to avoid such
pressure might be increased reliance on objective measures of research performance, which are less subject to claims of bias and
inconsistency.
16 See Hirsch (2005).
17For a discussion of the properties of the h-index, see for example Egghe and Rousseau (2006).
18 See the discussion of this and other indexes in Harzing (2008).
19 See Glänzel (2006).
20 See Bornmann and Daniel (forth).
21Thus Hirsch (2005) reports that 84% of Nobel prize winners have an h-index of at least 30, and that the median h-index

of newly elected members of the National Academy of Sciences in Physics and Astronomy in 2005 was 46. Bornmann &
Daniel (2005) report consistently higher h-indexes for successful applications for postdoctoral research fellowships than for non-
successful applicants. Faculty rankings in information sciences based on raw citation counts and on the h-index show strong
positive correlation - see Cronin and Meho (2006). The h-index for 147 chemistry research groups in the Netherlands returns
a correlation of 0.89 between the h-index and the total number of citations - see Van Raan (2006). Finally, the ISI Thomson
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A number of modifications have been proposed to the h-index, in order to correct for a number of potential
weaknesses, limitations or biases to the original -index.
One modification to the h-index corrects for the distribution of publications and citations over time.

This is given by the contemporary h-index (hc-index), which aims to improve on the h-index by giving more
weight to recent articles, thus rewarding academics who maintain a steady level of activity.22 The hc-index is
also argued to be a fairer comparison of junior with more senior academics, since the regular h-index cannot
decline over time, such that dormancy of older academics receives no penalty, while younger academics
have a disproportionate weighting of publications in more recent years.23 The weighting of citations is
parameterized by γ/δ, where Sidiropoulos et al (2006) on the basis of a set of experiments set γ = 4, while
δ denotes the number of years since publication (such that the current year is denoted by 1, last year by 2,
and so forth). Thus current year citations receive a weight of 4, those of two years hence 2, those eight years
hence 0.5, and so on. This weighting scheme is adopted for the purposes of the present exercise.
A further set of modification to the h-index corrects for differences in patterns of co-authorship and

publication rates across disciplines. Hirsch (2005) noted that both publication and citation rates differ
significantly across disciplines, making the reliability of the simple h-index in comparisons across disciplines
questionable. In fact, subsequent work has shown that there is significant variation across the natural and
social sciences,24 across disciplines within these broad areas,25 as well as within single disciplines.26 In the
present paper, we employ three distinct corrections that have been proposed to the basic h-index which
correct for these factors.
First, the individual h-index (original) (hI-index) divides the standard h-index by the average number of

authors in the articles that contribute to the h-index, in order to reduce the effects of co-authorship.27

Motivation for the correction is that co-authored papers will generally receive more (self)citations. In
addition, to the extent that co-authorship patterns are characteristic of individual disciplines, the hI-index
might serve to correct for cross-disiplinary differences, by indicating the number of papers with at least
hI citations the scientist would have produced if he/she had worked alone. The literature suggests that
cross-disciplinary variability under the hI index is significantly reduced.28

Second, the individual h-index (PoP variation) (hI − norm) first normalizes the number of citations for
each paper by dividing the number of citations by the number of authors for that paper, then calculates
the h-index of the normalized citation counts. The argument in favour of the hI − norm index over the hI
index, is that since individual paper co-authorship rather than the mean co-authorship across the h papers
of the h-index are used, the index gives a more accurate reflection of individual author contribution.29

Third, the multi-authored h-index (hm-index) uses fractional paper counts instead of reduced citation
counts to account for shared authorship of papers, and then determines the multi-authored hm-index based
on the resulting effective rank of the papers using undiluted citation counts.30

The corrections to the h-index thus far do not provide a correction to account for particularly influential
contributions. Egghe’s g-index therefore aims to improve on the h-index by giving more weight to highly-
cited articles.31 The index corrects for a limitation of the h-index, which arises from the fact that once
a paper receives h citations, subsequent citations no longer add to the rating of the researcher.32 The g-

Web of Science now includes the h-index as part of its citation report.
22 See Sidiropoulos (2006).
23 See Harzing (2008).
24Harzing (2008) reports that that scholars in the Natural Sciences typically publish more and shorter articles with more

co-authors and fewer books than those in the Social Sciences and Humanities.
25The average reported ratio of total citations to the number of citations in mathematics varies considerably: Mathematics:

1, Engineering/technology: 5, Biology: 8, Earth/space sciences: 9, Social/behavioral sciences: 13, Chemistry: 15, Physics: 19,
Biomedical Research: 78, Clinical Medicine: 78 - see Podlubny (2005) and Podlubny and Kassayova (2006). In similar vein see
Iglesias & Pecharroman (2006).
26Here the differences appear to be regional. Harzing (2008) reports that since 1990, papers in the North-American Academy

of Management Journal on average have 2.24 authors, papers in the British Journal of Management 2.01 authors, and papers
in the European Management Journal 1.84 authors.
27 See Batista et al (2006). This is the correction to the h-index originally proposed by Hirsch (2005).
28Thus for instance Batista et al. (2006) show that for top Brazilian academics in physics, chemistry, biology/biomedical

and mathematics the average raw h-index varies significantly from 32-37 for Physics to 9-14 for Mathematics, while under the
hI-index variability is significantly reduced with hI-indices of 6.7-14.8 for Physics and 4-10.3 for Mathematics.
29 See Harzing (2008).
30 See Schreiber (2008).
31 See Egghe (2006).
32For instance, two researchers, one with 5 papers with 5 citations, and one with 4 papers of 200 citations each and 1 paper
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index is defined as: [Given a set of articles] ranked in decreasing order of the number of citations that they
received, the g-index is the (unique) largest number such that the top g articles received (together) at least
g2 citations. The index can be thought of as a complement to the h-index.
Finally, Zhang’s e-index aims to differentiate between scientists with similar h-indices but different cita-

tion patterns.33 The index is defined as: the (square root) of the surplus of citations in the h-set beyond h2,
i.e., beyond the theoretical minimum required to obtain an h-index of ’h’.
An approach that offers an alternative to the combination of absolute output count and citations weight,

is to adjust citations measures directly for a range of factors, most commonly the age of the researcher.
Age-weighted citation rates measure the average number of citations to an entire body of work, adjusting for
the age of each individual paper.34 We use three different versions of such measures. The AWCR measure
used in this paper sums citations over all papers instead of only the h-core papers, where the number of
citations to a given paper is divided by the age of that paper.35 The AWCRpA measure normalizes the
AWCR to the number of authors for each paper. The AW -index is defined as the square root of the AWCR
to allow comparison with the h-index; it approximates the h-index if the (average) citation rate remains
more or less constant over the years.
We thus have a number of measures of academic standing that are employed by the present study, which

can be viewed as providing complementary evaluations of impact, compensating for the various strengths
and weaknesses of the indexes.
Nevertheless, a number of weaknesses remain, which cannot be as easily addressed. Notable amongst these

is the fact that appropriate measures of standing for junior academics are inherently difficult to generate,
as their output has not had time to accumulate citations. In some disciplines, notably the social sciences,
this is exacerbated by the fact that it might take more than five years before a paper acquires a significant
number of citations. Two (incomplete) responses to this bias is proposed by the hc-index and the AWCR
measure. A further measure proposed by Hirsch (2005) was the m-index, which divides the h-index by the
number of years the academic has been active (measured as the number of years since the first published
paper). The measure has not gained wide currency, however, perhaps in part since it is volatile to small
changes in citations early in an academic’s career, stabilizing only later in their career, raising concerns of
robustness of the measure especially against the intended objective of the correction in the h-index, since
the measure is sensitive to the definition of the starting point, and since the measure discriminates against
part-time academics and those with career interruptions (typically women).
A second concern might be that the objective measures of impact do not explicitly take into account the

impact factor or standing of the journals that the work of academic appears in. However, it is difficult to
assess the significance of this concern, since the impact factor of journals is a reflection of their citation rates.
To the extent that the citation rates articles are accurately captured, the impact factor of journals should
therefore be adequately captured by the objective measures of scientific standing. In addition, since strongly
innovative work which subsequently exerts a disproportionate impact on a field may struggle to be published
in mainline journals, paper-specific citations may be a better reflection of the true scholarly standing of
authors.36 On the other hand, some contributors to the literature on science rankings suggest that the
impact factor of journals in which they publish is a more reliable indicator of future impact particularly for
young academics.37

A final concern might arise due to the fact that high citations can potentially attach to papers that are
cited for having made a famous/notorious error. While this is unlikely to be relevant over a whole body of
work, this could nevertheless bias citation counts upwards inappropriately.
Despite these caveats concerning the objective measures of scientific standing, their advantage is that

they are based on objective measures of citation counts, that are transparent, verifiable, and subject to

with 5 citations would both return h-indexes of 5.
33 See Zhang (2009).
34 See Jin (2007).
35By contrast, Jin defines the AR-index as the square root of the sum of all age-weighted citation counts over all papers that

contribute to the h-index.
36This consideration is prompted by the experience of both George Akerlof and Paul Krugman, both Nobel Prize winners in

economic science, both of whose early seminal work struggled to be published in mainstream journals. In related vein, Reihard
Selten, another Nobel Prize winning economist often avoided main-line journals, to avoid the changes that such jorunals
demanded during peer review.
37 See Harzing (2008).
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accountability. As such, they reflect measures of scholarly impact that are based on clearly measurable
output and the impact that the output has had on the disciplinary fields of the scholars being evaluated.
What is more, the objective measures have responded to many of the critiques levelled against them in

the past. Citations-based measures account for impact rather than the pure quantity of output. Variations
on citations-counts account for the impact of more recent work rather than old contributions (hc-index,
AWCR). The impact of particularly important contributions can also be incorporated into the measures
(g-index).
As such, the concerns that objective quantitative measures cannot capture the full range, impact and

nuance of a scholar’s output is considerably more difficult to maintain, especially if the full range of the
objective measures, which correct for alternative limitations of the measures, is employed.

3.2 The Subjective Measures of Scientific Standing

The National Research Foundation (NRF) of South Africa provides both explicit, as well as implicit measures
of scientific standing. Here we briefly describe the NRF ratings process which assigns a rating to every
researcher who applies, as well as the NRF research chair initiative.

3.2.1 The NRF Peer Reviewed Science Rating Mechanism

The NRF conducts an evaluation of researchers that is based on peer review.38 The objective of the rating
process is explicitly to "benchmark [the] performance of researchers," as well as to assist the NRF in the
evaluation of its provision of research grants.39

Scholars apply for an NRF rating. In doing so, they have to first obtain approval from the research
administration of the scholar’s home institution, which is required to submit the application for rating to the
NRF electronically on behalf of the scholar. The required documentation of approved candidates is submitted
to subject-specific Specialist Committees (typically self-identified by the applicant)40 who identify at least
six, and no more than ten peer reviewers, of which normally half are chosen from a list provided by the
applicant, and half are nominated independently by the Specialist Committee.41 Peers are asked to evaluate
the applicant on the basis of the following criteria: the quality of the research-based outputs of the last seven
years as well as the impact of the applicant’s work in his/her field and how it has impacted on adjacent
fields, and an estimation of the applicant’s standing as a researcher in terms of both a South African and
international perspective. The requirement is for the provision of a confidential report to the NRF. The
claim of the NRF is that:

Because the identification of the best reviewers is at the heart of the entire process it is
inevitable that a large number of the appointed reviewers are from prestigious institutions abroad.
It is important to note that reviewers are neither informed about the previous evaluation or rating
of applicants nor are they informed about the rating categories.

Specialist Committees consist of disciplinary experts,42 though they are supplemented by a Chairperson
and an independent Assessor.43 On the basis of the peer reports of applicants, Specialist Committees are
asked to assess the standing of applicants amongst their peers and recommend a rating on the basis of the
38See the detailed description of the service at http://evaluation.nrf.ac.za/Content/Evaluation/peri.htm.
39Though in recent years the link between official ratings and research grants has been weak at best,

and arguably absent altogether. See the official description of the objectives of the rating system at
http://evaluation.nrf.ac.za/Content/About/About.htm#.
40The following Specialist Committees are identified by the NRF: Animal and Veterinary Sciences; Anthropology, Develop-

ment Studies, Geography, Sociology and Social Work; Biochemistry, Molecular and Cell Biology; Chemistry; Communication,
Media Studies, Library and Information Sciences; Earth Sciences; Economics, Management, Administration and Accounting;
Education; Engineering; Health Sciences; Historical Studies; Information Technology; Law; Literary Studies, Languages and
Linguistics; Mathematical Sciences; Microbiology and Plant Pathology; Performing and Creative Arts, and Design; Physics;
Plant Sciences; Political Sciences, Policy Studies and Philosophy; Psychology; Religious Studies. Typically evaluation panels
consider a range of disciplines jointly.
41Note that where the Specialist Committee judges the application to be premature or too weka, it may choose to refer the

application to the home institution of he applicant for a final decision on whether to proceed or to withdraw the application.
42According to the NRF, Specialist Committees consist of three to six members, mostly from the South African research

community, appointed to the Specialist Committees based on their research experience and reputation in the research community.
43The NRF defines Assessors as follows:
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statements contained in the reviewers’ reports. Specialist Committees are asked to assess the objectivity,
thoroughness and quality of the reports and to weight the reports accordingly in reaching their assessments.
Finally, the Specialist Committees are asked to identify suitable feedback to the applicant concerning the
outcome of their rating application. No objective measures of the absolute magnitude of research output or
of any form of citation count is formally employed in the rating process. As such it relies on the subjective,
though presumably expert, judgement of peers alone.
Ratings can fall into a range of categories.44 There are three core ratings in the system. An A-rating is

held to apply to researchers who are unequivocally recognized by their peers as leading international scholars
in their field for the high quality and impact of their recent research outputs. The B-rating is applied to
researchers who enjoy considerable international recognition by their peers for the high quality and impact
of their recent research outputs. Third, the C-rating is held to apply to established researchers with a
sustained recent record of productivity in the field who are recognized by their peers as having produced
a body of quality work, the core of which has coherence and attests to ongoing engagement with the field;
demonstrated the ability to conceptualize problems and apply research methods to investigating them.
In addition to the core ratings, the NRF recognizes three additional categories of scholars. Those with a

Y-rating are identified as young researchers (40 years or younger), who have held the doctorate or equivalent
qualification for less than five years at the time of application, and who are recognized as having the potential
to establish themselves as researchers within a five-year period after evaluation, based on their performance
and productivity as researchers during their doctoral studies and/or early post-doctoral careers. Researchers
awarded a P-rating are deemed young researchers (normally younger than 35 years of age), who have held
the doctorate or equivalent qualification for less than five years at the time of application and who, on the
basis of exceptional potential demonstrated in their published doctoral work and/or their research outputs
in their early post-doctoral careers are considered likely to become future leaders in their field. Finally, an
L-rating is held to apply to persons (normally younger than 55 years) who were previously established as
researchers or who previously demonstrated potential through their own research products, and who are
considered capable of fully establishing or re-establishing themselves as researchers within a five-year period
after evaluation.45

The subjective peer review based rating measures provide an alternative means of assessing the scholarly
standing of South African researchers.
However, since the mechanism relies on the judgement of peers, it is irreducably linked to the judgement

of other scholars, and this renders it subject to the subjective view of individuals. While this is a source of
strength, it also opens the mechanisms to a number of potential sources of bias of their own. Specifically, given
that members of the Specialist Committees, and the Chairmen and independent Assessors, and potentially
members of the NRF bodies46 are themselves scholars that are rated by the NRF mechanism, there is
the potential of selection bias in assessments: the favouring of old established areas of research, of well
established research institutions, or of established informal research networks. For instance, of the members
of the Specialist Committees listed on the NRF website at the time of data collection, 50% were from
the University of Cape Town, the University of the Witwatersrand and the University of Pretoria; if the
University of Stellenbosch and KwaZulu-Natal were added, the proportion rises to 71.43%.47 Of course,
these proportions are arguably a reflection of the distribution of the relative research strengths of South
African universities.48 Nevertheless, the potential of selection bias is present as a logical, and hence empirical

Three or four Assessors are appointed annually, normally for a period of three consecutive years. They are
selected from the ranks of highly respected researchers who normally have served on a Specialist Committee in
the past, who are therefore familiar with the process and who have earned a reputation during their tenure on
these Committees for their wisdom and objective judgements. Assessors must ensure that the assessment process
is fair and independent and that the same criteria are applied consistently by all the Committees.

44Note that the precise definition of the categories has been subject to change over time. The definitions cited below are those
reported on the NRF website at the time of data capture. Note that the category definitions are adopted virtually verbatim
from the NRF sources.
45Note that the L-rating has been discontinued as of 2010. Candidates who were eligible in this category included: black

researchers, female researchers, those employed in a higher education institution that lacked a research environment and those
who were previously established as researchers and have returned to a research environment.
46For instance members of the Executive Evaluation Committee (EEC).
47By contrast, 4.76% come from historically disadvantaged institutions.
48Having served on one of the NRF Specialist Committees personally, let me state clearly that I do not believe that there is

significant room for personal bias in the evaluation process on the part of panel members. The reason for this is the extreme
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perishability.49 A further source of selection bias arises from the fact that only those that apply to the NRF,
will and can be rated. While a significant proportion of South Africa’s natural scientists do apply for ratings,
this constitutes a more significant problem in the social sciences and humanities.
Second, given the relatively narrow disciplinary bases of the independent Assessors (there are only four

at any given time), who are to guarantee cross-disciplinary consistency, there are possible questions about
the rigour with which consistency across disciplines is ensured.
Third, since only the last 7 years of research output are evaluated, the price paid for immediacy of the

rating is a failure to reflect the impact of the life-time contributions of scholars. In related vein, work toward
large, long-term cumulative research projects will tend to be under-valued by the peer review processes.
Fourth, it is not clear to what extent the requirement that the home institution of the researcher provide

support to the applicant, provides a bias against historically disadvantaged institutions, or non-conventional
research loci. The bias may arise either due to lack of experience and familiarity with the rating process
on the part of such institutions, because there is less incentive for non-traditional institutions to apply for
ratings, or simply because the institution may not be recognized as a legitimate research entity by the NRF.50

Fifth, citation counts are not routinely taken into account in the rating process. Hence the personal
preferences of a relatively small number of reviewers come to carry a disproportionate weight relative to
the assessment provided by the field to which a scholar is making his/her contribution as indicated by the
more objective assessment. It may also generate a disproportionate weight to output that is published in
high-impact journals that nevertheless do not attract significant citations, simply due to the signalling value
of the journal.
Sixth, it is also not clear to what extent the absolute level of output plays a role in evaluations - especially

not across disciplines. Is one seminal contribution with hundreds of citations of greater significance than 20
that attract 15 citations each?
Seventh, the mechanism creates an incentive to apply for evaluation under very narrow focus areas in

order to maximize the rank that the researcher achieves. This creates ambiguity in the comparison of ratings,
since the wider scholarly significance of very narrowly defined research areas is not always clear. For instance
it is not clear what the relative standing of an A-rating for a scholar’s expertise under the rubric of changes
in income inequality of the white population group in the Northern Cape between 1990 and 2000, would be
relative to a B-rating in the area of Kenyan English language literature of the twentieth century.51

Finally, and perhaps most crucially, especially given the various sources of ambiguity that attach to
the rating process noted above, the process is relatively untransparent and unverifiable. Since both the
peer reports and the deliberations of the Specialist Committees are confidential (understandably under the
mechanism), the price paid for this is that the grounds for the ratings reported cannot be assessed for
objectivity and accuracy. Moreover, it is not readily apparent to what extent the rigour of assessment is
consistent across applicants in terms of the quality and international standing of peer referees approached,
let alone to what extent there is consistency across Specialist Committees.52

Nevertheless there are some notable advantages to the system as formally presented by the NRF. Above
all, by relying on explicit peer assessment, it avoids the potential pitfalls that attach to the objective measures
of scholarly impact. In particular, peer assessment can correct for the bias against new and young scholars.
It can correct both for excessive reliance on single high impact items of output, or for excessive reliance
on many low impact articles by recourse to the judgement of peers. Finally, peer judgement can readily
reflect the relative standing of the journals in which the output of scholars appears. Of course, all of these

rigidity of the evaluation criteria and the relatively mechanistic process of evaluation. However, this rigidity itself potentially
biases the process in favour of natural science evaluation criteria, arguably makes it difficult to assess interdisciplinary work,
and is less open to truly innovative new departures in research directions. Note that these are purely personal and anecdotal
impressions.
49 It should be noted that the institutional affiliation is not listed on the NRF website. While every effort has been made to

accurately verify the affiliation of the committee members, there may be some error of measurement. It is not entirely clear
why the affiliation is not a matter of transparent public record.
50For instance, internationallly in some areas (such as Finance) a significant location of research has come to be located in

the private sector, in Central Banks, or in National Treasuries. No researcher in such an institution could be rated by the
NRF, since they are not recognized reseach entities. What is more, the NRF has placed a moratorium on the recognition of
any additional research institutions.
51The examples are purely illustrative, and do not refer to any specific rankings issued by the NRF.
52There is also limited opportunity to appeal. In general appeals can only be on the grounds of a failure to pursue the correct

predefined procedure - which is hampered by the fact that the ratings process is confidential.
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benefits apply under the condition that the process is dispassionately applied, and not subject to strategic
manipulation.

3.2.2 The NRF Research Chairs

The NRF has recently launched the South African Research Chair initiative.53

Its objective is described as making South Africa competitive in the international knowledge economy
based on its existing and potential strengths, by means of a strategically focused knowledge and human
resource intervention.
Concrete objectives are specified as increasing the number of world class researchers in South Africa; to

retain and/or attract back qualified research scientists to the Higher Education sector; to create research
career pathways for highly skilled, high quality young and mid-career researchers that effectively addresses
historical racial, gender and age imbalances; and to improve and accelerate the training of highly qualified
personnel through research.
These objectives indicate a set of criteria for selection into the NRF Chairs that show a very strong

overlap with the criteria that are cited by the NRF under its peer reviewed rating mechanism. Specifically,
its primary criterion of increasing and retaining world-class researchers shows an immediate correspondence
with the NRF’s A- and P-ratings under the peer review based rating process.
As such it constitutes a further rating mechanism that provides an assessment of scholarly standing.
It should be noted immediately, however, that the NRF website and supporting documentation does not

make clear by means of what mechanism applications for NRF Research Chairs are evaluated. It is thus
not clear to what extent peer review is relied on in making the awards, nor what the relative weight of the
various criteria identified with the NRF Research Chairs carry in the evaluation of proposals.
At the date of data collection, the NRF website made it difficult to evaluate the total number of chairs

that have currently been awarded. Listed are 70 chairs, though the website also indicates that a total of
72 were awarded in rounds 1 and 2, of which 2 were declined, and 2 are pending. In 2009, the NRF has
reported the award of an additional 10 chairs with identified candidates, though an additional 3 chairs are
listed, without corresponding candidates. Unfortunately the data sources on this NRF initiative are therefore
incompletely transparent, at least as a reliable source of complete data on this initiative.54

Given the lack of transparency surrounding the award of the chairs, and our current purpose of obtaining
alternative subjective measures of scientific standing, it is unfortunate that of the 80 identifiable chairs
reported at the date of data collection, only 57 (71.25%) are held by researchers rated under the NRF
system, leaving 28.75% of the NRF chair holders unrated under the NRF peer review mechanism. Of the
rated NRF chairs, 8 held an A-rating, 29 a B-rating, 18 a C-rating, and 2 a Y-rating (none held a P-rating
as far is ascertainable). The anticipated correspondence between the NRF chair awards and the NRF rating
system is thus incomplete, unless world class is given a very wide interpretation.

4 The Data
For this study we employed two distinct sets of data,
The first was derived directly from the published list of rated scholars and scientists of the NRF of South

Africa. This data provided information on the 6 rating categories for successfully rated researchers. It does
not publish information on researchers who have applied for a rating, but were unsuccessful in obtaining a
rating.55 The only additional information contained in the NRF’s published list concerns the institutional
affiliation of the researcher, as well as the disciplinary field of the researcher (though the latter is not complete
in the NRF database).
The NRF website was also the source of the names for the NRF Chairs.
For the range of objective measures of scholarly standing, our data was obtained from Harzing’s Publish

or Perish software.56 Every scientist that was reported as rated by the NRF at the time of data collection,

53See http://www.nrf.ac.za/sarchi/index.stm for a full description of the initiative.
54 In 2012 an additional set of chairs were announced. These were not included in the analysis.
55As such, this paper unfortunately cannot provide an assessment of the association between objective research output and

impact, and the probability of receiving a rating (of any kind).
56The software is freeware, available at http://www.harzing.com.
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and reported on their websites,57 was entered into the Harzing software, in order to generate the range of
objective citation count based measures of scholarly standing. A total of 1932 rated scholars was subjected
to evaluation, and the associated rating metrics recorded.
Use of an electronic search engine to generate citation counts raises a number of specific issues relating

to measurement error, that should be noted at the outset.
The Harzing software relies on Google Scholar to generate the citation data and formal rating scores.

The literature suggests that the citation counts data of Google scholar is more robust and accurate than
that generated by the most obvious alternative, the ISI Thomson Web of Science database.58 The reasons
cited are that the Web of Science database does not include citations to scholarly output that have even
small mistakes in their referencing (deemed a particularly severe problem across all disciplines);59 it provides
overrepresentation to English language and US and UK based journals;60 it only includes citations to journal
articles (not to books, book chapters, working papers, reports, conference papers, etc.);61 and it significantly
restricts citations to non-ISI Thomson database journals.62 The second and third constraints are deemed
particularly significant for the social sciences and humanities.63 By contrast, Google Scholar is considerably
more inclusive than the Web of Science.64 On the other hand, studies suggest that the Web of Science and
Google Scholar produce very similar rankings of academics - the Web of Science merely does so on the basis
of fewer citations.65

Despite its relatively strong performance, Google Scholar nevertheless has also been subject to a number
of criticisms. Specifically, problems on its citation counts relate to the fact that it may include non-scholarly
citations;66 not all scholarly journals are necessarily included in its citation searches;67 its coverage may be

57For the list of rated scholars, see http://evaluation.nrf.ac.za/Content/Facts/ViewRatings.aspx?All=True. For the
list of round 1 and 2 NRF chairs see http://www.nrf.ac.za/sarchi/index.stm. For the newest list of NRF chairs see
http://www.info.gov.za/speeches/2009/09080711151001.htm.
58See the discussion in Harzing (2007-8, 2008) and Meho and Yang (2007) on this. They point out that Scopus performs very

similarly to the Web of Science. Having run citations counts under both the Harzing and the Thomson software, the output
from the Thomson software very significantly undercounted both the number of publications in journals that are in the ISI
Thomson Web of Science, as well as citations to those publications that occured in journals included in the ISI Thomson Web
of Science list itself. It is not clear why the software has such high propensity to undercount publications and citations that
occur within its own ambit.
59Also, Google Scholar is found to have lower citation noise than the Web of Science, with fewer multiple listings of articles

- see Belew (2005). In effect, Google Scholar appears to have a better aggregation mechanism than the Web of Science.
60 See the findings reported in Archambault & Gagné (2004), which indicate US and UK-based journals to be significantly

over-represented in the Web of Science in comparison to Ulrich’s journal database, particularly in the Social Sciences and
Humanities.
61 See the discussion in Belew (2005) and Meho and Yang (2007).
62Under the General Search function citations are strictly limited to journal articles published in ISI listed journals (Roediger,

2006). Under the Cited Reference function citations to non-ISI publications are included - but only from journals that are ISI-
listed, and only attributes them to the first author - see Meho and Yang (2007) and Harzing (2007-8). As the following footnote
indicates, this biases results for the social sciences and the humanities.
63 In fact, Jacsó (2005, 2006a/b) reports that the Social Sciences and Humanities are underreported under Google Scholar -

but larger-scale studies reverse this finding - see Bosman et al. (2006) and Kousha & Thelwall, (2007). Further evidence comes
from Nisonger (2004) who reports that Web of Science captured 28.8% of his total citations, 42.2% of his print citations, 20.3%
of his citations from outside the United States, and 2.3% of his non-English citations (excluding self-citations). Butler (2006)
finds that for the Chemical, Biological, Physical and Medical/Health sciences between 69.3% and 84.6% of publications are in
ISI listed journals; for Social Sciences such as Management, History Education and Arts only 4.4%-18.7% of the publications
are published in ISI listed journals. As reported in Testa (2004), ISI itself estimates that of the 2000 new journals reviewed
annually only 10-12% are selected to be included in the Web of Science.
64Harzing (2007-8) argues that this is particularly important for disciplines with long delays between first production of

research output, and final publication. She reports delays of up to 5 years in the Social Sciences and Humanities.
65 Saad (2006) reports a correlation between the h-indices from Google Scholar and the Web of Science of 0.82 for a sample

of 55 scientists, while Meho & Yang (2007) found a correlation between Google Scholar and Web of Science of 0.874, and 0.976
between Google Scholar and the union of Web of Science and Scopus.
66Vaughan and Shaw (2008) report an 8% incidence of non-scholarly output in the field of library and information science.

Harzing (2007-8) similarly suggests a relatively low impact from this source of error.
67However the problem cuts both ways. While one study found that Google Scholar missed 40.4% of the citations found by

the union of Web of Science and Scopus, the union of Web of Science and Scopus also misses 61.04% of the citations in Google
Scholar - see Meho & Yang (2007).
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uneven across disciplines;68 it is less comprehensive in its coverage of older publications (prior to 1990);69

and its citation searches may produce non-sensical results.
In addition to these potential limitations noted in the literature, in our sample of South African rated

researchers we noted a set of additional potential biases that arose from our application of the Harzing Publish
or Perish software. In generating the set of formal citations-based indices of scholarly standing, we specified
both the surname and initials of the scientist or scholar in question. We then worked through the generated
list of citations, in order to eliminate any references that were not to the scholar in our ratings data base.
This approach generated three potential sources of measurement error in the resultant data. The first became
apparent from a sub-sample of scholars on which complete information was available, and on which more
complete searches were able to be conducted, which suggested that the resultant citations list undercounted
the full set of citations attributable to the authors in question. While this would generate a downward bias
in the resultant scholarly impact indexes, as long as the downward bias is consistent across scholars, this
should not bias the results from the empirical section of this paper. However, there are indications that
the bias may be systematic in a number of senses. Our data cleaning removed any citations that were not
clearly attributable to the rated scholar being subjected to the Publish or Perish rating process. This may
have been one source of the downward bias in the resultant citations scores. Moreover, the bias proved
more pronounced for authors that were part of multiauthor teams, and whose surname has a relatively low
alphanumeric rank, since the Publish or Perish software truncates long author lists which are presented in
alphabetic order.70

Finally, the Web of Science and Google Scholar share some common problems, such as that names with
diacritics (eg, ö, é), apostrophes (eg. O’Connell) or typesetting ligatures (eg. ff, fi, fl) cause difficulties to
both search engines.
Since the rankings of scholars do not appear to differ significantly between Google scholar and the

alternative citation search engines independently of discipline, and since the Google source provides a more
comprehensive measure of impact that is likely more inclusive of the social sciences, the present study relies
on the Harzing software (and hence Google Scholar) to generate its citation searches.71 Nevertheless, to the
extent that cross-disciplinary biases in the citation counts are present, the resultant citations-based scholarly
ratings will in turn be subject to bias.

5 Results
We proceed in three steps. First, we present descriptive statistics on the objective performance of scholars
under the alternative NRF ratings. Second, we present logit regressions that allow for the derivation of the
probability of achieving any given NRF rating, conditional on the objective performance on the range of
metrics that we employ for this study. Finally, we consider the possibility that different disciplines are distinct
in terms of their responsiveness to objective performance measures, again on the basis of logit regressions.

68While the precise differentials are not entirely clear, evidence has accumulated to this effect. Bosman et al. (2006) in a
study of 64 articles found Google Scholar, Web of Science and Scopus coverage generally comparable, and slightly improved
for 2000 relative to 1995. They report disciplinary variations, however, with Chemistry and Physics showing particularly poor
performance, and Science and Medicine somewhat worse performance under Google Scholar than Web of Science. Similarly, for
a bigger sample of 1650 articles, Kousha and Thelwall (2007, 2008) report Google Scholar coverage to be less comprehensive
than ISI in three Science disciplines (Biology, Chemistry and Physics - particularly Chemistry), while coverage for four Social
Sciences (Education, Economics, Sociology and Psychology) as well as Computing was significantly higher. But this is not
true for all natural sciences. For instance, Bar-Ilan (2008) finds Google Scholar citations substantially higher than the Web of
Science and Scopus for mathematicians and computer scientists, though lower for high-energy physicists.
69 See Belew (2005), Pauly and Stergiou (2005), and Meho and Yang (2007).
70For this reason, we re-ran the rating process, without initials, and eliminating all ratings that appeared particularly noisy,

which reduced our sample from 1932 to 1790 data points. This approach in turn creates an upward bias to the ratings indexes,
particularly for scholars with common surnames (eg. Smith, Pillay, Zhou). Given the substantial impact on citation counts
(in the case of some researchers citations ran into hundreds of thousands), we persisted with the data which may be biased
downward in the impact measures.
71Note that we did run some sample tests under the Web of Science citations searches. The resultant citations scores in a

significant sub-sample of NRF-rated researchers are zero. This may be a reflection either of the relatively poor international
standing of South African science, or that the difficulties associated with the Web of Science noted above are significant - at
least in the South African context. But under both accounts, the resultant citations scores would generate too little statistical
variation across the the sample of scientists, to render the empirical strategy of the present study feasible.
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5.1 Descriptive Statistics

As noted above, a wide range of alternative metrics designed to capture distinct aspects or nuances of a
scholar’s performance have been developed. In broad terms these fall into absolute output based measures
(that count the number of distinct scholarly products of a scholar), and citations based measures that attempt
to assess the impact of scholarly contributions.
Our data suggests that the range of measures employed for this paper in fact provide very similar

information, suggesting that controlling for more recent output rather than the full body of work of a scholar,
differences in the extent of coauthorship and publication rates across disciplines, particularly influential
contributions, does not materially add more information.
Table 1 reports the correlation matrix between the measures of absolute output and the impact of research

output of scholars we employ in the study.
What is evident is that the range of direct citations-based measures of impact (citations, citations per

year, citations per author) and the range of indexes designed to measure impact and absolute levels of output
jointly (h-index, g-index, etc.) are highly correlated, indicating that they carry much the same information.
In general, correlations between these measures exceed 0.9. One exception is the citations per paper measure,
which does appear to carry information that is distinct from both the rest of the citations-based measures,
and the measures of absolute output, with a correlation coefficient with the other citations-based measures
at the 0.2 level.
The measures of absolute output (papers, papers per author, AW-index) again are highly correlated

amongst one another (correlation coefficients exceeding 0.7). They are also correlated with the citations-
based measures, though with an intermediate level of correlation (0.5-0.6).
Authors per paper reports a negative (though very low) correlation with all but the citations per paper

measure - given the near zero level of correlation the inference is that authors per paper does not systemat-
ically co-vary with the rest of the output and impact measures.
The implication is thus that while a wide range of modifications has been proposed and implemented

on output and impact measures of scholars, they continue to carry much the same information. It follows
that which of the measures is in fact used in analysis, is unlikely to be critical to the inferences that will be
supported. In what follows, we nevertheless present complete results that confirm this expectation.
INSERT TABLE 1 ABOUT HERE.
A consideration of the most simple descriptive statistics from our data supports the NRF ranking hier-

archy of scholars (in descending order: A-rated scholar : B-rated scholar : C-rated scholar : Y-rated scholar
: L-rated scholar) in general is supported by the measures of output and of output impact. Table 2 reports
measures of central tendency, both in the form of means and medians of the 18 measures of absolute research
output and impact of scholars in South Africa employed by this paper. We do so for the sample as a whole
as well as conditional on the rating that scholars have received from the NRF, including the possibility of
holding an NRF Chair.72

INSERT TABLE 2 ABOUT HERE.
What emerges is that mean levels of absolute output, as well as mean levels of impact increase with the

level of the NRF rating. That the same patterns emerge for the medians of the measures, demonstrates that
they are not simply a function of a few outliers in any one rating category.73

Arguably the one exception are the NRF Chairs, who consistently rank below A-rated scholars on the
output and impact measures, and in a number of the objective output and impact measures below B-rated

72A similar result emerges from regressions of the form:

Mi = α0 + α1NRFChairi + α2Ai + α3Bi + α4Yi + α5Li + εi

where Mi denotes the range of output and impact measures employed by this study for scholar i, and the RHS variables
are dichotomous indicator variables for the various NRF ratings (including NRF Chairs), where a C-rating is the reference
category. The NRF rating system would imply that α1 > α2 > α3 > 0 > α4 > α5. Estimation finds that in general
α2 > α3 > α1 > 0 > α4 > α5. We do not report these results in detail, since the NRF rating may be endogenous to the output
or performance measure under consideration, rendering standard estimators biased and inconsistent. For interested readers we
report the estimation results in Table A1 of the Appendix.
73Readers should note, however, that the second moment of the distribution is generally large across all categories, reflecting

a wide range of measured output, and the impact of such output, for all of the NRF rating categories. We report the standard
deviations in Table A2 of the Appendix.
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scholars. Since the NRF claims the chairs to be the flagship programme for world-class research leaders, this
is outcome stands in some tension to official claims.
Nonetheless, the NRF’s claim that its peer review based rating system is a reflection of scholar’s produc-

tivity and impact, is broadly supported by the descriptive statistics.

5.2 Deriving the Probability of Alternative Ratings

Given the data at our disposal, we consider the impact of the range of output and impact measures of
scholars’ research, on the probability of obtaining a specific rating under the NRF system of peer review.
To do so we estimate:

Ji = Xiβ + ui (1)

where

Ji =

½
1 if ∃ an NRF rating of type J = {NRFChair,A,B,C, Y,L} , with probability Pr (Y = 1) = P
0 if @ an NRF rating of type J = {NRFChair,A,B,C, Y,L} , with probability Pr (Y = 0) = 1− P

with the vector of explanatory variables Xi for each scholar i, provided by the output and performance
measures of the study.
INSERT TABLES 3A, 3B AND 3C ABOUT HERE.
Estimation results under the logit distribution are reported in Tables 3A through 3C, for each of the

NRF rating categories. Note that all of the composite index measures of output and impact (h-index etc)
are consistently statistically significant (generally at the 1% level). On the raw measures, in general it is the
raw Citations count, Citations per Year, and Papers per Author that prove to be statistically significant,
though the absolute number of papers is sometimes weakly significant (10% level for A-rated scholars), or
replaces the raw Citations count in significance (B-rated scholars). Finally, for A-rated scholars Citations
per Year, Citations per Paper and Citations per Author all are statistically significant.
The implied probability densities from the estimations, across the range of objective measures of perfor-

mance, and for the various NRF ratings categories, are illustrated in Figures 1A through 1D, across the range
of values for the objective measures of performance that appear in the sample of South African scholars.
INSERT FIGURES 1A THROUGH 1D ABOUT HERE.
The results illustrate both why the NRF views its rating processes to be legitimate, and why they rating

process causes as much controversy as it does in the scholarly community in South Africa.74

First, objective performance in terms of absolute output and in terms of the impact of output, is related
to the probability of the alternative ratings as one would expect. Rising absolute output, as well as rising
impact of scholarly output (as measured by the full range of citations-based impact factors), results in a
rising probability of receiving the premier A-rating, and a B-rating. Conversely it lowers the probability
of holding a C-, Y- or L-rating. In this sense therefore, the NRF is justified in claiming that the more
prestigious ratings (A and B) are associated with objectively higher performance in objective output and
impact dimensions of research.
Second, the results also show why the scholarly community also finds the outcomes of the NRF ratings

process difficult to understand at best, and controversial or illegitimate at worst. In terms of virtually all
of the objective performance measures (absolute or impact based), the probability of receiving an A-rating
as well as a B-rating rises. This is as one would expect. But what is arguably controversial is that even at
the very highest levels of performance in terms of most of the various objective measures employed by this
study, the probability of receiving a B-rating remains higher than the probability of receiving an A-rating.
Thus, even for high levels of output, and output that has objectively (citations-based) high impact, chances

74We also considered evidence from a regression specified as:

Ri = Xiα+ εi

where Xi continues to represent a vector of objective measures of research output and impact, and Ri represents a numeric
score of the NRF ratings. We considered both a linear, and a non-linear (on the presumption that higher NRF ratings become
increasingly more demanding in terms of objective output and impact scores) scoring of the NRF ratings. The findings that
emerge are consistent with those reported above, and support the NRF rankings of its peer review. Specifically, the finding is
that improved objective performance leads to a higher ratings score on either the linear or the non-linear scale. We report the
findings as Tables A3 and A4 in the Appendix for readers’ reference.
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are that the rating that the NRF awards is B, while other scholars of directly comparable levels of output
and impact factors (often of considerably lower scores in these dimensions), receive an A-rating.
It is easy to understand why perceptions of inconsistency and favoritism follow.
INSERT TABLE 4 ABOUT HERE.
This point compounds by virtue of the fact that scholars at distinct NRF ratings, overlap substantially

in terms of their performance in terms of the objective measures of research output and impact. Consider
the evidence of Table 4, which reports the minimum and 25’th percentile values of the objective performance
measures used by this study, conditional on the range of NRF ratings. What emerges is that there exist
scholars under high NRF ratings (A-rated, NRF-chairs), that have recorded objective levels of output (eg.
papers published) and impact (eg. citation counts), that fall well below those of scholars with much lower
NRF-ratings (below the maximum score of B-, C- and Y-rated scholars), and are comparable to those scholars
holding the minimum scores at the lower NRF-ratings.
There is also nuance here, however. The anomaly that the probability of a B-rating consistently remains

higher than that of an A-rating applies to the majority of measures: specifically, the Papers, Citations per
Year, Citations per Paper, the h-index, the g-index, the hc-index, the e-index, hI-norm, the AW -index.
However, it does not do so in the case of a number of the measures: the Citations measure, Citations per
Author, the hm-index, the hI-index, Papers per Author, AWCR, AWCRpA. What is notable is that most
of the second category of measures, in which the probability of an A-rating does come to exceed that of a
B-rating at high levels of objective scholarly performance, correct for the number of authors that publications
carry (though the pure citations count also performs as expected). One possible interpretation is that the
NRF ratings processes favour scholars that work alone, rather than as part of collaboratively larger teams
of researchers. Alternatively, that the subjective peer review simply struggles to assess the contributions of
authors who are part of larger research teams.
If this is the case, it should be noted that the NRF evaluation process arguably would be biased against

disciplines in which multi-author publications are the norm, as well as multi-disciplinary work, which is
inherently collaborative.

5.3 Do Disciplines Matter?

One of the anecdotal sources of controversy surrounding the NRF peer review mechanism, has concerned
allegations that disciplines receive differential treatment by the NRF process. The defence on the part of
the NRF has been that the review relies on peers, and that the resultant decisions reflect the best possible
insight to be obtained from leading practitioners of each discipline.
To examine this question we begin by considering the following set of logit regressions:

Ji = α0 +
X

αkDk,i + ui (2)

where

Ji =

½
1 if ∃ an NRF rating of type J = {NRFChair,A,B,C, Y,L} , with probability Pr (Y = 1) = P
0 if @ an NRF rating of type J = {NRFChair,A,B,C, Y,L} , with probability Pr (Y = 0) = 1− P

whereDk,i is a dummy variable denoting the disciplinary classification k of scholar i, such that k = {Biological
Sciences, Business Sciences, Chemical Sciences, Medical Sciences, Engineering, Medical Sciences, Physical
Sciences, Social Sciences}. We employ the Social Sciences as the reference variable. To do so, all rated
scholars were assigned to one of these categories - of course with an inevitable attendant consequence of
more finely nuanced differentiation between scholars.75 Scholars were assigned classifications according to
the nature of their home department at the time of data collection.
INSERT TABLE 5 ABOUT HERE.
Estimation results are reported in Table 5.
What emerges is that there are statistically significant differential probabilities of achieving different

NRF classifications across disciplines. Specifically, relative to the Social Sciences, scholars in the Physical

75Use of the more disaggregated classifications that the panel consider is precluded by considerations of sample size in the
case of a number of categories that contain a relatively small number of scholars. For this reason we use relatively broad
classifications. Despite this, note that in the case of some researchers assignment was to mulptiple categories: for instance
biochemists might be recorded both in the Biological and the Chemical Sciences.
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Sciences have a statistically significant greater probability of obtaining an NRF Chair and a B-rating, and a
statistically significantly lower probability of obtaining a C-rating. Scholars in the Biological Sciences have
a statistically significantly lower probability of realizing an A-rating, and a statistically significantly higher
probability of realizing a Y-rating than Social Scientists. Engineers have a statistically significantly greater
probability of obtaining a Y-rating, and a lower probability of realizing an L-rating than Social Scientists,
while scholars in the Medical Sciences have a statistically significantly greater probability of obtaining a
Y-rating than Social Scientists.
The obvious limitation of this evidence is of course that it is unconditional on the underlying objective

performance of the scholars under the various disciplines. Thus, for instance, scholars under the Biological
Sciences might simply not produce the same number of papers, or citations as Social Scientists, thereby
explaining the lower probability of an A-rating in the biological disciplines.
INSERT TABLE 6 ABOUT HERE.
But consider the evidence of Table 6, which records the means and medians of scholars in the range

of disciplinary classifications we employ, over the measures of absolute output and impact of research we
have generated for the present study. What emerges is that in terms of the absolute measures of output
(the pure papers based measures), consideration of the discipline-specific means top-ranks the Physical,
Medical and Biological Sciences, followed by the Chemical Sciences and Engineering, while the Business and
Social Sciences are consistently bottom-ranked. This is largely invariant to correcting for large outliers by
considering medians rather than means, though it is noteworthy that under median measures the Biological
Sciences top-rank under the absolute output (paper based) measures, while the Social Sciences remain
bottom-ranked.
For the impact-based measures the inference is largely the same (either the raw citations-based measure,

or the many indexed derivatives that we consider for this study). The Medical, Biological and Physical
sciences are consistently top-ranked in terms of the mean measure, the Chemical Sciences and Engineering
are mid-ranked, while the Business and Social Sciences are bottom-ranked. Under the median measure of
central tendency, correcting for large outliers, the Biological Sciences are again top-ranked, while the Social
Sciences are consistently bottom-ranked.
Under these data, finding the lower probability of an A-rating for the Biological than the Social Sciences

does become surprising. In terms of either objective absolute (paper-based) measures of output, or measures
(citations-based) of research impact, scholars in the Biological Sciences outperform scholars in the Social
Sciences in every dimension, by a substantial margin, and nevertheless have a consistently lower probability
of obtaining an A-rating at any objective level of performance.
However, we have not yet considered the possibility that those scholars in the Social Sciences that have

achieved an A-rating, have achieved very high levels of output and research impact, a performance which
is hidden by the measures of central tendency that capture the performance of all Social Scientists. To
consider this possibility, we record the means and medians on the h-index measure across the alternative
ratings NRF-ratings categories and disciplinary classifications.76 We record the data in Table 7.
INSERT TABLE 7 ABOUT HERE.
The ratings deepen the suggestion that there are strong differences across the disciplines in terms of

the ratings, when considering objective data of performance. A-rated scholars in the Biological and Medical
Sciences on average have an h-index between 4 and 5 times as high as A-rated scholars in the Social Sciences.
Indeed, on average, C-rated scholars in the Biological Sciences have the same h-index as A-rated scholars in
the Social Sciences.
The evidence thus notes the existence of substantial cross-disciplinary differences in the NRF ratings.

The question of course is how much these disciplinary differences matter?
To investigate this question we estimate:

Ji = α0 + α1Ri +
X

βkDk,i +
X

γk (RiDk,i) + ui (3)

where

Ji =

½
1 if ∃ an NRF rating of type J = {NRFChair,A,B,C, Y,L} , with probability Pr (Y = 1) = P
0 if @ an NRF rating of type J = {NRFChair,A,B,C, Y,L} , with probability Pr (Y = 0) = 1− P

76We record only the evidence from the h-index, since the evidence is consistent across the alternative measures. Evidence
for the other measures is available from the author on request.
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where Ri denotes the objective performance measure (we report the results for the h-index, though the
results are consistent across the alternative measures). For the we disciplinary binary variables, Dk,i, we
treat the Business Sciences as the reference category. Estimation is under the logit distribution.
INSERT TABLE 8 ABOUT HERE.
Results are reported in Table 8.
We continue to find that improved performance of scholars, as measured by the h-index raises the prob-

ability of realizing an NRF Chair, an A- and a B-rating, but that it lowers the probability of realizing a
C-, Y-, and L-rating, as already discussed under Section 5.2. In addition, it emerges that there are strong
disciplinary differences in terms of the impact that improved performance under the h-index measure has on
the probability of achieving the different NRF ratings, or an NRF Chair. In terms of statistical significance,
particularly the Physical Sciences are marked by a more rapidly rising probability of an NRF Chair, an A- or
a B-rating with a rising h-index, and a more rapidly falling probability of realizing a C-, Y- or L-rating than
the reference category (Business Sciences). The Chemical Sciences report a more rapidly rising probability
of a B-rating in response to improved performance under the h-index than the reference category (Business
Sciences) which is statistically significant, and the same holds for Engineering under the Y-rating, and the
Social Sciences under the L-rating. Finally, improved performance under the h-index measure reduces the
probability of a C-rating more rapidly relative to the reference category for Engineering and the Biological
Sciences, and in the Y-rating for the Social Sciences.
The inference is that the same increases in performance under the h-index, will result in more rapid

transition from the lower ratings (L, Y and C), and a more rapid rise through the higher ratings (B, A and
NRF Chair) in the Physical Sciences than in the Business Sciences. Transition out of the C-rating is also
"easier" (as measured by performance under the h-index) than for the Business Sciences for Engineering and
the Biological Sciences, and out of the Y-rating for the Social Sciences, while achieving a B-rating is more
readily achieved under the Biological Sciences.
Cross-disciplinary differences in terms of the relation between ratings outcomes and objective measures

of performance thus undoubtedly emerge from the data.
To illustrate how substantial these disciplinary differences are, we report the implied probability densities

from the estimations of achieving the alternative ratings under varying levels of performance in terms of the
h-index, across the disciplines in Figure 2.
INSERT FIGURE 2 ABOUT HERE.
The inferences that follow confirm that the probability of realizing an NRF Chair and an A rating increases

most dramatically for the Physical and the Social Sciences, followed by Engineering and the Chemical Sciences
(though the Chemical Sciences are the least responsive to h-index increases of all disciplines in the case of
an A-rating), the Business Sciences, and increases the least dramatically for the Medical and the Biological
Sciences. In the case of a B-rating, the strongest probability response to a rising h-index again merges for
the Physical Sciences, followed by the Social and Chemical Sciences, then Engineering and the Biological
Sciences, then Business Sciences and finally the Medical Sciences.
What the evidence implies is that the disciplines in which it is easiest to translate objective performance

(as measured by the h-index - though symmetrical results follow for the other measures employed in this
study) into a higher NRF rating are the Physical Sciences, closely followed by the Social Sciences. Engineering
and the Chemical Sciences are the next most responsive to improvements in objective performance measures.
The Business Sciences, the Biological and the Medical Sciences appear the most demanding in terms of their
requirements in terms of objective performance in the NRF rating system.
It is worth noting that the responsiveness of the various disciplines not only vary, but vary substantially

in terms of the probability of realizing higher ratings in response to increases in the objective performance
measures (h-index). By way of illustration, an h-index rating of 55 translates into a probability of approxi-
mately 80% for an NRF Chair in the case of the Physical and Social Sciences, but of only 30% in the case
of the Business Sciences, and only 10% in the case of the Medical and Biological Sciences. In the case of
an A-rating, an h-index rating of 55 translates into a probability of approximately 90% for the rating in the
case of the Physical and Social Sciences, but of only 70% in the case of the Business Medical and Biological
Sciences.
In short, in the Physical and Social Sciences high ratings are "easy" to obtain in the sense that little

objective performance evidence is required. While in the Business, Biological, the Chemical (in the case of
the A-rating) and Medical Sciences high ratings are "hard" to obtain in terms of the same metric.
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Our analysis cannot determine which of these alternative degrees of stringency in terms of objective
performance is the correct one. But the study can and does note that disciplines do appear to differ not only
statistically, but in terms of objective probabilities of alternative ratings emerging on the basis of similar
objective research impact performance.

6 Conclusions and Evaluation
This paper has examined the strength of association between the outcomes of NRF peer review based rating
mechanisms, and a range of measures of performance of scholars in terms of both absolute output (principally
counts of publications in either raw or normalized form), as well as measures of the impact of research output
(principally citation counts, either in raw or normalized format). The analysis is conducted on 1932 scholars
that have received an NRF rating or an NRF research chair.
Concern of the analysis is to address the often anecdotal debate concerning the reliability of NRF peer

review, and the perception that it is subject to bias and inconsistent standards.
Our findings are mixed.
Scholars with higher NRF ratings record higher performance on average against the objective measures

of absolute output and the impact of their research, than scholars at lower ratings. In addition, the higher
the performance of scholars against all objective measures of absolute output and impact, increases the
probability of an A- or B-rating and of holding an NRF research chair, and lowers the probability of a C-,
Y and L-rating, which accords with the implicit ranking amongst the various ratings the NRF awards.
Such evidence accords with NRF claims that its peer review mechanisms reflect the scholarly standing

of researchers, and in particular that ratings reflect impact as well as absolute levels of productivity.
But there is also countervailing evidence. First, we find that on a range of objective measures of perfor-

mance, the probability of achieving a B-rating remains higher than that of achieving an A-rating even at the
very highest levels of recorded performance for South African scholars. This is only reversed for objective
measures of performance that undertake downward corrections for output generated by multiple authors.
The inference is that the NRF peer review either does not, or cannot, value output generated by larger teams
of researchers. The implication is that researchers in disciplines where collaborative research is the norm,
or interdisciplinary research which by its nature is collaborative, will face greater challenges in achieving
higher ratings than researchers who work on their own, and in pure core disciplines. As such, the funding
provisions of the NRF are not aligned to the sort of research production that at least some of the literature
has identified as being critical to the development of a knowledge based economy.77

Second, we find that the variance of objective performance under each rating category is large. The result
is that scholars who have received the highest ratings (A-ratings or NRF research chairs) record objective
levels of research output and impact of their research that are no different from the minimum levels of
objective performance at much lower NRF ratings (eg. the C-rating). This finding is particularly striking
with respect to the category (NRF research chairs) that is advertised as being associated with attracting
world class scholars, and which is tied to the very highest level of funding grants (an automatic ZAR 3
million per annum, for a minimum of 5 years, but possibly 15 years). It is hardly surprising that scholars
report misgivings about the accuracy of NRF peer review. Research-active scholars are likely to have an
understanding of the impact of the work of their peers in cognate disciplines. When the outcome of NRF peer
review begins to bear weak association with objective measures of output and impact, it is not surprising
that the legitimacy of the review process is brought into question.
Third, across the probability of obtaining alternative NRF ratings is statistically significantly different

across alternative disciplines. For instance, researchers in the Physical Sciences have a statistically signif-
icantly higher propensity to realize an A-rating or an NRF research chair, while those in the Biological
Sciences have a significantly lower probability to do so. Such differences persist even when one considers
the objective performance in terms of research output and impact of scholars in disciplines. By way of
illustration, A-rated scholars in the Biological and Medical Sciences on average have an h-index between 4
and 5 times as high as A-rated scholars in the Social Sciences. Indeed, on average, C-rated scholars in the
Biological Sciences have the same h-index as A-rated scholars in the Social Sciences.

77 See for instance the distinction drawn in Gibbon et al (1994) between Mode 1 ("in disciplinary boundary") and Mode 2
("cross-disciplinary boundary") knowledge creation, and the significance of the latter to knowledge-based growth paths.
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In fact, in terms of the impact of objective measures of performance on the probability of achieving
alternative NRF ratings, we find differences across disciplines that are both statistically significant and
substantial in terms of implied probability density. In summary, high ratings are "easy" to obtain in the
Physical and Social Sciences, and relatively "hard" to obtain in the Business, Biological, Chemical and
Medical Sciences, in the sense that in the case of the former disciplines high ratings are awarded at low to
moderate levels of objective output and impact relative to the latter group of disciplines.
The set of findings under disciplinary differences under the NRF rating mechanisms presents a direct

challenge to NRF claims that its peer review mechanisms are designed to ensure that no cross-disciplinary
biases emerge. Such claims do not accord with the data.
In summary, therefore, the empirical findings of the paper clarify both why the NRF suggests that its peer

review mechanisms reflect underlying research performance of scholars, and why researchers hold perceptions
of bias and inconsistency in the application of the NRF rating mechanisms. Both sets of claim have a basis
in fact.
Of course, all measures of objective levels of output and of research impact can be argued to be incomplete,

biased, or limited in some sense. One response by the NRF therefore might be that the objective measures
of output and impact used by this study therefore are incompletely reliable. However, it should be noted
that this study has used a wide array of measures of research output and research impact, which attempt
to correct for a wide range of limitations of single metric measures of performance. What is noteworthy, is
that the patterns that we have reported in this study are essentially invariant to the objective measure of
impact employed. In this sense, our inferences are robust to claims that the metric of objective performance
employed is inherently biased or incomplete in some way.
More importantly, however, limitations do not only attach to objective numeric measures of research

output and impact. It is just as easy to identify significant limitations to the NRF peer review process that
rests in the final instance on subjective and untransparent judgements. In section 3.2.1 of the paper we
listed a few of such limitations: it is based on subjective judgement; it favours a narrow disciplinary focus; it
covers only a limited time span; it favours researchers in institutions with greater capacity; it does not even
consider objective output and/or impact measures; the process is untransparent and unverifiable.
Historically, it has not been easy to obtain measures of objective performance of researchers. Given the

now almost universal reliance on electronic dissemination of research output this is no longer true. Such
measures are now readily computable, and are readily obtained from a wide range of search engines that have
zero marginal cost associated with them other the time taken to compile the data. It is therefore difficult
to understand why the NRF rating mechanism makes no use of such information at all, especially since
reliance on such measures can render the outcome of review much more transparent, subject to independent
verification, and can therefore aid substantially in increasing the legitimacy of the NRF’s processes.
South Africa’s official science policy claims that it is intended to aid long-term development prospects of

the society, by helping create a strong knowledge-based economic growth path. To realize such an objective
a necessary condition is that incentive mechanisms that are implemented by organizations such as the NRF
target and foster research output that is substantial both quantitatively and qualitatively as measured
by impact. Reliance on peer review mechanisms that are untransparent, unverifiable, and that accord as
imperfectly with objective measures of performance as our evidence suggests those of the NRF do, are very
incomplete realizations of the national policy priority of generating more, and more impactful scholarly
research.
Aligning the outcomes of NRF peer review more accurately with objective measures of output and impact,

and the implementation of mechanisms that not only are, but are seen and understood to be unbiased and
consistent across disciplines, would be a useful first step to realizing the objective of South Africa’s science
policy.

7 Appendix
INSERT TABLE A1 ABOUT HERE.
INSERT TABLE A2 ABOUT HERE.
INSERT TABLE A3 ABOUT HERE.
INSERT TABLE A4 ABOUT HERE.
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Table 1: Correlation Matrix for Output and Impact Measures 

  Papers  Citations  Years  Cites per  
Year

Cites per  
Paper

Cites per  
Author

Papers per  
Author

Authors per  
Paper

h‐index g‐index hc‐index  hI‐index hI‐norm e‐index hm‐index AWCR AW‐index AWCpA 

Papers  1.00         
Citations  0.44  1.00       
Years  0.54  0.13  1.00     
Cites per Year  0.38  0.91  0.01  1.00  
Cites per Paper  0.14  0.25  0.01  0.23 1.00  
Cites per Author  0.45  0.97  0.16  0.86 0.24 1.00  
Papers per Author  0.92  0.28  0.64  0.22 0.10 0.32 1.00  
Authors per Paper  ‐0.11  ‐0.003  ‐0.10  ‐0.002 0.23 ‐0.02 ‐0.13 1.00  
h‐index  0.64  0.95  0.23  0.86 0.23 0.93 0.45 ‐0.03 1.00  
g‐index  0.65  0.94  0.25  0.84 0.24 0.93 0.47 ‐0.04 0.99 1.00  
hc‐index  0.64  0.94  0.23  0.86 0.23 0.91 0.46 ‐0.04 0.99 0.98 1.00 
hI‐index  0.64  0.92  0.27  0.81 0.22 0.94 0.51 ‐0.06 0.97 0.97 0.96  1.00
hI‐norm  0.65  0.93  0.27  0.82 0.23 0.94 0.50 ‐0.05 0.98 0.98 0.97  0.99 1.00
e‐index  0.65  0.92  0.26  0.82 0.24 0.92 0.48 ‐0.04 0.94 0.99 0.97  0.96 0.98 1.00
hm‐index  0.64  0.95  0.25  0.84 0.23 0.94 0.48 ‐0.04 0.98 0.99 0.98  0.99 0.99 0.97 1.00
AWCR  0.45  0.98  0.13  0.92 0.24 0.94 0.27 0.01 0.93 0.93 0.93  0.90 0.91 0.91 0.93 1.00
AW‐index  0.70  0.90  0.26  0.82 0.23 0.87 0.50 ‐0.03 0.97 0.97 0.98  0.95 0.96 0.97 0.97 0.91 1.00
AWCpA  0.46  0.97  0.16  0.89 0.24 0.98 0.32 ‐0.01 0.99 0.98 0.91  0.93 0.93 0.91 0.94 0.97 0.90 1.00

 

Table 2: Means and Medians 

  Mean Median
  Full Sample  NRF Chairs  A‐Rated B‐Rated C‐Rated Y‐Rated L‐Rated Full Sample  NRF Chairs A‐Rated B‐Rated C‐Rated Y‐Rated L‐Rated
Papers  77.40  70.18  148.31 80.27 45.50 33.06 25.28 37.00  51.5 87 54 28 18 16.00
Citations  515.70  679.99  1618.35 511.12 231.13 228.20 110.64 132.50  256 496 253 71 58 26.50
Years  38.90  25.62  40.34 36.96 29.60 21.66 21.88 24.00  22 34 28 22 12 16.00
Cites per Year  18.08  26.49  39.27 17.10 8.34 9.19 4.06 5.34  8.17 19.37 9.71 3.78 4.93 1.56
Cites per Paper  5.83  8.03  7.93 6.02 4.34 5.26 2.95 4.00  5.1 6.13 4.59 3 3.8 1.94
Cites per Author  231.91  350.26  664.29 221.89 123.80 82.93 47.11 57.65  126.55 297.42 122.67 36.51 25.5 16.92
Papers per Author  40.38  33.28  79.35 39.76 25.19 17.23 14.14 18.12  24.56 58.15 28.68 14.61 8.69 8.65
Authors per Paper  2.55  2.74  2.38 2.49 2.49 2.85 2.44 2.58  2.80 2.45 2.55 2.5 2.98 2.42
h‐index  9.01  11.05  15.51 10.13 6.45 5.67 4.09 6.00  9 13 9 5 4 3.00
g‐index  15.69  20.50  24.84 17.27 10.63 10.21 6.04 10.00  17.50 19 16 7 7 4
hc‐index  5.65  7.16  9.34 6.11 4.35 4.64 3.15 4.00  7 7 6 4 4 2
hI‐index  3.51  4.22  7.02 4.21 2.72 2.05 1.90 2.29  3.54 6.56 3.76 2.27 1.71 1.5
hI‐norm  5.86  7.19  10.96 6.55 4.42 3.70 3.08 4.00  6.00 11 6 3.5 3 2
e‐index  11.64  15.16  21.71 12.80 8.27 8.43 4.83 7.00  12.05 17.2 11.87 6 6.24 3.32
hm‐index  5.63  6.41  9.45 6.44 4.18 3.33 2.65 3.75  5.08 7.5 5.72 3.42 2.8 2
AWCR  52.14  66.10  131.56 56.34 26.60 32.85 13.06 14.75  27.69 53.16 28.98 9.58 13.65 4.13
AW‐index  5.72  7.11  9.67 6.26 4.12 4.62 2.87 3.84  6.12 7.52 5.67 3.36 3.83 2.25
AWCpA  21.01  35.94  58.83 23.07 11.13 11.46 5.46 6.23  18.81 31.18 13.9 4.71 4.48 2.26

 

 



Table 3A : Logit Regression : NRF Ratings 

Figures in round parentheses denote standard errors; *** denotes statistical significance at the 1% level; ** denotes statistical significance at the 5% level; ** denotes statistical significance at the 
10% level;  LL denotes Log‐Likelihood. 

NRF Chairs 
  (1)  (2)  (3)    (4)  (5)  (6)  (7)  (8)  (9)  (10)  (11)  (12)  (13) 
Constant  ‐3.00915*** 

(0.1732) 
‐3.39476*** 
(0.1356) 

‐3.65591888 
(0.3838) 

Constant  ‐3.58468*** 
(0.1729) 

‐3.65436*** 
(0.1708) 

‐3.77692*** 
(0.1802) 

‐3.57599*** 
(0.1728) 

‐3.65100*** 
(0.1761) 

‐3.65966*** 
(0.1654) 

‐3.53112*** 
(0.1678) 

‐3.32488*** 
(0.1283) 

‐3.70576*** 
(0.1745) 

‐3.28435*** 
(0.1257) 

Papers  0.000579150 
(0.001584) 

    h‐index  0.0491243*** 
(0.01230) 

                 

Citations  0.000279455** 
(0.0001155) 

    g‐index    0.0321155*** 
(0.006566) 

               

Years  ‐0.0107877** 
(0.005175) 

    hc‐index      0.106351*** 
(0.01913) 

             

Cites per year    0.0176161*** 
(0.004523) 

  hI‐index        0.124304*** 
(0.03193) 

           

Cites per Paper    ‐0.00128416 
(0.01140) 

  hI‐norm          0.0851561*** 
(0.01900) 

         

Cites per Author    ‐0.000267225 
(0.0002907) 

  e‐index            0.0433112*** 
(0.008126) 

       

Papers per Author      0.00319256** 
(0.001556) 

hm‐index              0.0688654*** 
(0.01871) 

     

Authors per Paper      0.157125 
(0.1387) 

AWCR                0.00305171*** 
(0.0007160) 

   

        AW‐index                  0.0948040*** 
(0.01827) 

 

        AWCpA                    0.00538977*** 
(0.001727) 

LL  ‐325.53  ‐319.02  ‐330.88    ‐326.32  ‐323.03  ‐320.08  ‐326.71  ‐324.65  ‐321.20  ‐327.38  ‐325.99  ‐321.91  ‐324.52 
Baseline LL  ‐333.06  ‐333.06  ‐333.06    ‐333.06  ‐333.06  ‐333.06  ‐333.06  ‐333.06  ‐333.06  ‐333.06  ‐333.06  ‐333.06  ‐333.06 
N  1932  1932  1932    1932  1932  1932  1932  1932  1932  1932  1932  1932  1932 
NRF Chairs  80  80  80    80  80  80  80  80  80  80  80  80  80 

 

A‐Rated Scholars 
  (1)  (2)  (3)    (4)  (5)  (6)  (7)  (8)  (9)  (10)  (11)  (12)  (13) 
Constant  ‐3.79287*** 

(0.1781) 
‐3.65655*** 
(0.1574) 

‐3.37750*** 
(0.3856) 

Constant  ‐4.47693*** 
(0.2120) 

‐4.35729*** 
(0.2038) 

‐4.29030*** 
(0.2023) 

‐4.63905*** 
(0.2188) 

‐4.59820*** 
(0.2205) 

‐4.12569*** 
(0.1884) 

‐4.52056*** 
(0.2120) 

‐3.63966*** 
(0.1436) 

‐4.29758*** 
(0.1990) 

‐3.59369*** 
(0.1415) 

Papers  0.00212379* 
(0.001243) 

    h‐index  0.116212*** 
(0.01182) 

                 

Citations  0.000476189*** 
(0.0001044) 

    g‐index    0.0617873*** 
(0.006496) 

               

Years  0.000280089 
(0.002939) 

    hc‐index      0.165583*** 
(0.01876) 

             

Cites per year    0.0114730*** 
(0.004290) 

  hI‐index        0.328552*** 
(0.03085) 

           

Cites per Paper    ‐0.0313163** 
(0.01568) 

  hI‐norm          0.193640*** 
(0.01920) 

         

Cites per Author    0.00116731*** 
(0.0002433) 

  e‐index            0.0696809*** 
(0.008247) 

       

Papers per Author      0.00940983*** 
(0.001310) 

hm‐index              0.185456*** 
(0.01805) 

     

Authors per Paper      ‐0.115402 
(0.1482) 

AWCR                0.00592969*** 
(0.0007014) 

   

        AW‐index                  0.162750*** 
(0.01759) 

 

        AWCpA                    0.0134097*** 
(0.001755) 

LL  ‐282.32  ‐277.95  ‐298.07    ‐275.99  ‐280.04  ‐288.28  ‐265.69  ‐271.26  ‐289.58  ‐269.86  ‐289.89  ‐284.84  ‐293.87 
Baseline LL  ‐323.58  ‐323.58  ‐323.58    ‐323.58  ‐323.58  ‐323.58  ‐323.58  ‐323.58  ‐323.58  ‐323.58  ‐323.58  ‐323.58  ‐323.58 
N  1932  1932  1932    1932  1932  1932  1932  1932  1932  1932  1932  1932  1932 
A‐Rated Scholars  77  77  77    77  77  77  77  77  77  77  77  77  77 

 



Table 3B : Logit Regression : NRF Ratings 

Figures in round parentheses denote standard errors; *** denotes statistical significance at the 1% level; ** denotes statistical significance at the 5% level; ** denotes statistical significance at the 
10% level;  LL denotes Log‐Likelihood.  

B‐Rated Scholars 
  (1)  (2)  (3)    (4)  (5)  (6)  (7)  (8)  (9)  (10)  (11)  (12)  (13) 
Constant  ‐1.57334*** 

(0.07828) 
‐1.41706*** 
(0.07425) 

‐1.46174*** 
(0.1742) 

Constant  ‐1.81068*** 
(0.08750) 

‐1.77268*** 
(0.08491) 

‐1.75088*** 
(0.08750) 

‐1.87989*** 
(0.08999) 

‐1.88754*** 
(0.09097) 

‐1.70805*** 
(0.08241) 

‐1.82022*** 
(0.08675) 

‐1.34722*** 
(0.06120) 

‐1.73795*** 
(0.08592) 

‐1.33387*** 
(0.06111) 

Papers  0.00318643*** 
(0.0009126) 

    h‐index  0.0695641*** 
(0.007472) 

                 

Citations  ‐2.88587e‐005 
(8.308e‐005) 

    g‐index    0.0381038*** 
(0.004149) 

               

Years  0.00375549** 
(0.001489) 

    hc‐index      0.0999250*** 
(0.01202) 

             

Cites per year    0.00735423** 
(0.003235) 

  hI‐index        0.198897*** 
(0.02009) 

           

Cites per Paper    0.0105819 
(0.01137) 

  hI‐norm          0.119573*** 
(0.01211) 

         

Cites per Author    0.000165246 
(0.0001579) 

  e‐index            0.0460502*** 
(0.005425) 

       

Papers per Author      0.00569422*** 
(0.001005) 

hm‐index              0.111533*** 
(0.01164) 

     

Authors per Paper      0.0135477 
(0.06484) 

AWCR                0.00262966*** 
(0.0005482) 

   

        AW‐index                  0.0969536*** 
(0.01162) 

 

        AWCpA                    0.00576052*** 
(0.001351) 

LL  ‐1010.69  ‐277.95  ‐1019.37    ‐991.21  ‐992.53  ‐1001.22  ‐983.65  ‐984.30  ‐998.75  ‐987.57  ‐1024.78  ‐1000.80  ‐1025.98 
Baseline LL  ‐1036.59  ‐1036.59  ‐1036.59    ‐1036.59  ‐1036.59  ‐1036.59  ‐1036.59  ‐1036.59  ‐1036.59  ‐1036.59  ‐1036.59  ‐1036.59  ‐1036.59 
N  1932  1932  1932    1932  1932  1932  1932  1932  1932  1932  1932  1932  1932 
B‐Rated Scholars  440  440  440    440  440  440  440  440  440  440  440  440  440 

 

C‐Rated Scholars 
  (1)  (2)  (3)    (4)  (5)  (6)  (7)  (8)  (9)  (10)  (11)  (12)  (13) 
Constant  0.367138*** 

(0.06611) 
0.443685*** 
(0.06517) 

0.708163*** 
(0.1458) 

Constant  0.637565*** 
(0.07154) 

0.640122*** 
(0.06976) 

0.698743*** 
(0.07350) 

0.655995*** 
(0.07325) 

0.676416*** 
(0.07387) 

0.614709*** 
(0.06856) 

0.626040*** 
(0.07083) 

0.405644*** 
(0.05401) 

0.687913*** 
(0.07274) 

0.390425*** 
(0.05391) 

Papers  ‐0.00108749 
(0.0009690) 

    h‐index  ‐0.0572693*** 
(0.007189) 

                 

Citations  ‐0.000380525*** 
(0.0001056) 

    g‐index    ‐0.0339010*** 
(0.004056) 

               

Years  0.00173155 
(0.001457) 

    hc‐index      ‐0.103328*** 
(0.01191) 

             

Cites per year    ‐0.0176907*** 
(0.004424) 

  hI‐index        ‐0.152888*** 
(0.01921) 

           

Cites per Paper    0.00397396 
(0.01156) 

  hI‐norm          ‐0.0948681*** 
(0.01155) 

         

Cites per Author    ‐0.000304538 
(0.0001983) 

  e‐index            ‐0.0436197*** 
(0.005382) 

       

Papers per Author      ‐0.00505814*** 
(0.001038) 

hm‐index              ‐0.0883299*** 
(0.01123) 

     

Authors per Paper      ‐0.139802** 
(0.05392) 

AWCR                ‐0.00513850*** 
(0.0007631) 

   

        AW‐index                  ‐0.100823*** 
(0.01172) 

 

        AWCpA                    ‐0.0114135*** 
(0.001815) 

LL  ‐1300.92  ‐1291.65  ‐1313.10    ‐1294.75  ‐1290.74588  ‐1287.52963  ‐1294.32643  ‐1292.15812  ‐1292.62019  ‐1295.18517  ‐1297.26567  ‐1287.66637  ‐1301.05358 
Baseline LL  ‐1329.80  ‐1329.80  ‐1329.80    ‐1329.80  ‐1329.80  ‐1329.80  ‐1329.80  ‐1329.80  ‐1329.80  ‐1329.80  ‐1329.80  ‐1329.80  ‐1329.80 
N  1932  1932  1932    1932  1932  1932  1932  1932  1932  1932  1932  1932  1932 
C‐Rated Scholars  1061  1061  1061    1061  1061  1061  1061  1061  1061  1061  1061  1061  1061 

 



Table 3C : Logit Regression : NRF Ratings 

Figures in round parentheses denote standard errors; *** denotes statistical significance at the 1% level; ** denotes statistical significance at the 5% level; ** denotes statistical significance at the 
10% level;  LL denotes Log‐Likelihood. 

Y‐Rated Scholars 
  (1)  (2)  (3)    (4)  (5)  (6)  (7)  (8)  (9)  (10)  (11)  (12)  (13) 
Constant  ‐1.28390*** 

(0.1114) 
‐1.76355*** 
(0.09124) 

‐2.52667*** 
(0.2361) 

Constant  ‐1.42820*** 
(0.1019) 

‐1.54149*** 
(0.09809) 

‐1.71088*** 
(0.1017) 

‐1.10929*** 
(0.1076) 

‐1.27187*** 
(0.1059) 

‐1.63542*** 
(0.09637) 

‐1.23467*** 
(0.1034) 

‐1.81560*** 
(0.07601) 

‐1.67921*** 
(0.1011) 

‐1.74536*** 
(0.07843) 

Papers  ‐0.00574542*** 
(0.001967) 

    h‐index  ‐0.0684708*** 
(0.01320) 

                 

Citations  0.000144427 
(0.0001393) 

    g‐index    ‐0.0294937*** 
(0.006919) 

               

Years  ‐0.0127269*** 
(0.003903) 

    hc‐index      ‐0.0373383** 
(0.01737) 

             

Cites per year    0.0265110*** 
(0.006359) 

  hI‐index        ‐0.324314*** 
(0.04284) 

           

Cites per Paper    0.0282394* 
(0.01464) 

  hI‐norm          ‐0.144679*** 
(0.02274) 

         

Cites per Author    ‐0.00444308*** 
(0.0007701) 

  e‐index            ‐0.0283428*** 
(0.008638) 

       

Papers per Author      ‐0.0205579*** 
(0.003556) 

hm‐index              ‐0.165749*** 
(0.02423) 

     

Authors per Paper      0.437506*** 
(0.08001) 

AWCR                ‐0.00173973* 
(0.001007) 

   

        AW‐index                  ‐0.0445132** 
(0.01750) 

 

        AWCpA                    ‐0.00952448*** 
(0.003336) 

LL  ‐727.58  ‐722.97  ‐708.84    ‐737.11  ‐742.95  ‐751.28  ‐713.87  ‐727.49  ‐747.56  ‐721.68  ‐751.93  ‐750.20  ‐747.57 
Baseline LL  ‐753.77  ‐753.77  ‐753.77    ‐753.77  ‐753.77  ‐753.77  ‐753.77  ‐753.77  ‐753.77  ‐753.77  ‐753.77  ‐753.77  ‐753.77 
N  1932  1932  1932    1932  1932  1932  1932  1932  1932  1932  1932  1932  1932 
Y‐Rated Scholars  255  255  255    255  255  255  255  255  255  255  255  255  255 

 

L‐Rated Scholars 
  (1)  (2)  (3)    (4)  (5)  (6)  (7)  (8)  (9)  (10)  (11)  (12)  (13) 
Constant  ‐2.76414*** 

(0.2073) 
‐2.74684*** 
(0.1832) 

‐2.35384*** 
(0.3362) 

Constant  ‐2.56981*** 
(0.1943) 

‐2.61166*** 
(0.1867) 

‐2.66801*** 
(0.1917) 

‐2.64312*** 
(0.2012) 

‐2.53703*** 
(0.1997) 

‐2.64383*** 
(0.1841) 

‐2.63241*** 
(0.1948) 

‐2.92724*** 
(0.1599) 

‐2.61442*** 
(0.1938) 

‐2.89835*** 
(0.1614) 

Papers  ‐0.000522450 
(0.006062) 

    h‐index  ‐0.157213*** 
(0.03619) 

                 

Citations  ‐0.00240598** 
(0.001178) 

    g‐index    ‐0.0903245*** 
(0.02084) 

               

Years  ‐0.00683255 
(0.006989) 

    hc‐index      ‐0.209005*** 
(0.05131) 

             

Cites per year    ‐0.0416532 
(0.03608) 

  hI‐index        ‐0.345924*** 
(0.08774) 

           

Cites per Paper    ‐0.0469566 
(0.05765) 

  hI‐norm          ‐0.242978*** 
(0.05553) 

         

Cites per Author    ‐0.00286390 
(0.002191) 

  e‐index            ‐0.118982*** 
(0.02788) 

       

Papers per Author      ‐0.0184036*** 
(0.006711) 

hm‐index              ‐0.225759*** 
(0.05516) 

     

Authors per Paper      ‐0.276885** 
(0.1363) 

AWCR                ‐0.0244801*** 
(0.007404) 

   

        AW‐index                  ‐0.228696*** 
(0.05422) 

 

        AWCpA                    ‐0.0635240*** 
(0.01870) 

LL  ‐256.88  ‐255.76  ‐262.05    ‐256.58  ‐256.31  ‐259.35  ‐259.81  ‐256.77  ‐256.78  ‐258.41  ‐259.12  ‐258.03  ‐258.40 
Baseline LL  ‐270.81  ‐270.81  ‐270.81    ‐270.81  ‐270.81  ‐270.81  ‐270.81  ‐270.81  ‐270.81  ‐270.81  ‐270.81  ‐270.81  ‐270.81 
N  1932  1932  1932    1932  1932  1932  1932  1932  1932  1932  1932  1932  1932 
L Rated Scholars  61  61  61    61  61  61  61  61  61  61  61  61  61 

 



Table 4: Minima and 25’th Percentile 

Full Sample
    NRF Chairs A‐Rated B‐Rated C‐Rated Y‐Rated L‐Rated
Papers  Min  1.00 1.00 1.00 1.00 1.00 1.00
  25’th Percentile  18.75 13.00 15.00 9.00 6.75 9.00
Citations  Min  1.00 1.00 1.00 1.00 1.00 1.00
  25’th Percentile  48.00 75.00 46.00 19.00 17.00 9.00
Years  Min  2.00 1.00 1.00 1.00 1.00 1.00
  25’th Percentile  14.00 21.00 20.50 14.00 8.00 9.00
Cites per Year  Min  0.25 0.11 0.11 0.10 0.11 0.15
  25’th Percentile  2.89 2.53 2.80 1.47 1.70 0.88
Cites per Paper  Min  0.50 0.27 0.13 0.10 0.10 0.14
  25’th Percentile  2.58 2.31 2.25 1.66 1.79 1.00
Cites per Author  Min  0.33 1.00 0.33 0.20 0.25 0.33
  25’th Percentile  25.50 32.79 25.99 12.93 7.50 6.17
Papers per Author  Min  0.57 0.58 0.25 0.20 0.25 0.33
  25’th Percentile  8.25 18.75 11.51 5.33 3.33 3.27
Authors per Paper  Min  1.00 1.00 1.00 1.00 1.00 1.00
  25’th Percentile  2.24 1.53 1.90 1.88 2.36 1.83
h‐index  Min  1.00 1.00 1.00 1.00 1.00 1.00
  25’th Percentile  4.00 5.00 4.00 3.00 2.00 2.00
g‐index  Min  1.00 1.00 1.00 1.00 1.00 1.00
  25’th Percentile  6.75 4.00 6.00 4.00 3.00 2.00
hc‐index  Min  1.00 1.00 1.00 1.00 1.00 1.00
  25’th Percentile  2.50 3.00 2.00 2.00 2.00 2.00
hI‐index  Min  0.25 0.20 0.25 0.20 0.20 0.20
  25’th Percentile  1.98 3.56 2.45 1.33 0.94 1.00
hI‐norm  Min  1.00 1.00 1.00 1.00 1.00 1.00
  25’th Percentile  3.00 5.00 3.00 2.00 2.00 2.00
e‐index  Min  1.00 1.00 1.00 1.00 1.00 1.00
  25’th Percentile  5.34 8.12 4.30 3.16 3.16 1.73
hm‐index  Min  0.25 0.20 0.25 0.20 0.20 0.20
  25’th Percentile  2.40 2.50 2.83 1.95 1.33 1.33
AWCR  Min  0.20 0.11 0.11 0.11 0.20 0.22
  25’th Percentile  8.13 13.86 6.65 3.17 3.46 1.59
AW‐index  Min  0.25 0.18 0.13 0.16 0.12 0.28
  25’th Percentile  2.61 2.77 2.70 1.86 1.92 1.48
AWCpA  Min  0.10 0.11 0.10 0.12 0.12 0.22
  25’th Percentile  3.29 4.97 3.43 1.72 1.58 1.24

 



Table 5: Logit Regression : NRF‐Ratings – the impact of disciplines 

Figures in round parentheses denote standard errors; *** denotes statistical significance at the 1% level; ** denotes statistical significance at the 5% level; ** denotes statistical significance at the 
10% level;  LL denotes Log‐Likelihood. 

  NRF Chair A‐Rated B‐Rated C‐Rated  Y‐Rated L‐Rated
Constant ‐3.26094***

(0.1866) 
‐3.54558***
(0.2555) 

‐1.30658***
(0.08858) 

0.283165*** 
(0.07427) 

‐2.07663***
(0.1131) 

‐3.05395***
(0.1948) 

Biological ‐0.164197
(0.2550) 

‐0.882714**
(0.4224) 

0.115959
(0.1167) 

‐0.145624 
(0.09894) 

0.249914*
(0.1427) 

‐0.477634
(0.3006) 

Business 0.181729
(0.3872) 

‐0.439190
(0.8067) 

‐0.0302239
(0.1973) 

0.108848 
(0.1658) 

0.0348814
(0.2427) 

0.0396942
(0.4469) 

Chemistry 0.212528
(0.2992) 

0.192461
(0.4987) 

0.0352571
(0.1504) 

0.172928 
(0.1294) 

‐0.160081
(0.1922) 

‐0.424691
(0.4447) 

Engineering 0.0384059
(0.2802) 

0.0471599
(0.4028) 

0.0395479
(0.1369) 

‐0.111045 
(0.1166) 

0.327358**
(0.1670) 

‐0.867661**
(0.4171) 

Medical  ‐0.0158679
(0.3311) 

‐0.987201
(0.5935) 

‐0.129794
(0.1539) 

‐0.0350914 
(0.1258) 

0.339486*
(0.1735) 

‐0.127950
(0.3605) 

Physics  0.648681***
(0.2984) 

0.0100034
(0.4848) 

0.403992**
(0.1606) 

‐0.385758*** 
(0.1450) 

‐0.0912565
(0.2217) 

0.0474070
(0.4205) 

 
LL  ‐325.697065 ‐315.06442 ‐1022.22956 ‐1311.77531  ‐744.482238 ‐265.404762
Baseline LL ‐329.1173 ‐319.6227 ‐1026.791 ‐1317.224  ‐749.1871 ‐270.1957
N  1913 1913 1913 1913 1913 1913
Chi‐square 6.8405 9.1166 9.1227 10.898*  9.4097 9.582

 



Table 6: Means and Medians of Performance by Discipline 

  Means Medians

  Biological 
Sciences 

Business  Chemical 
Sciences 

Engineering Medical 
Sciences 

Physical 
Sciences 

Social 
Sciences 

Biological 
Sciences 

Business Chemical 
Sciences 

Engineering Medical 
Sciences 

Physical 
Sciences 

Social 
Sciences 

Papers  61.01  52.80  54.18  53.00 62.20 66.99 43.08 36.50  26.50 34.00 29.00 36.00 36.00 21.00 

Citations  461.90  231.56  283.78  280.49 515.07 373.95 184.55 182.00  42.00 118.50 75.00 173.00 82.00 38.00 

Years  28.97  26.74  31.50  29.89 30.22 28.83 33.41 23.00  19.00 24.00 22.00 22.00 25.00 22.00 

Citations per Year  16.05  8.96  11.09  9.62 16.27 10.67 5.56 8.18  3.07 5.98 4.45 7.30 5.21 2.25 

Citations per Paper  6.62  4.22  4.58  4.42 7.15 4.39 3.18 5.26  2.60 3.60 3.15 5.33 3.45 2.00 

Citations per Author  197.84  151.74  113.71  130.27 191.72 178.39 130.98 74.10  29.58 47.11 42.55 64.70 48.50 27.00 

Papers per Author  28.76  30.14  26.79  28.68 25.10 31.39 32.92 16.81  15.75 17.65 16.25 14.80 17.79 15.50 

Authors per Paper  2.84  2.08  2.93  2.50 3.09 2.80 1.92 2.85  2.00 2.96 2.45 3.23 2.79 1.81 

h‐index  9.39  6.20  7.75  6.70 9.15 7.66 5.47 8.00  4.00 6.00 5.00 7.00 6.00 4.00 

g‐index  15.48  9.83  13.07  11.55 15.86 12.86 8.51 13.00  6.00 11.00 8.00 12.00 9.00 5.00 

hc‐index  5.84  4.11  5.14  4.74 6.16 5.03 3.54 5.00  3.00 5.00 4.00 5.00 4.00 2.00 

hI‐index  3.55  3.13  2.82  2.97 3.04 3.04 3.02 2.79  2.00 2.41 2.40 2.53 2.36 2.25 

hI‐norm  6.05  4.33  4.73  4.73 5.66 5.05 4.13 5.00  3.00 4.00 4.00 4.00 4.00 3.00 

e‐index  11.58  7.85  9.84  9.44 12.06 10.59 6.81 9.00  5.20 7.75 6.78 8.43 7.52 4.24 

hm‐index  5.72  4.22  4.60  4.58 5.00 4.51 3.93 4.69  2.92 3.89 3.70 4.17 3.71 2.88 

AWCR  48.71  35.00  37.24  37.22 45.94 35.93 20.89 23.38  6.33 17.90 13.33 21.79 14.32 6.02 

AW‐index  5.93  4.21  5.02  4.74 5.96 4.85 3.46 5.13  2.69 4.43 3.72 4.84 3.82 2.50 

AWCRpA  19.89  15.29  11.96  14.82 17.40 14.80 12.65 8.46  3.72 5.78 5.54 7.74 5.30 3.75 

 



Table 7: Means and Medians for the h‐index across alternative ratings and disciplines 

  Biological 
Sciences 

Business  Chemical 
Sciences 

Engineering Medical 
Sciences 

Physical 
Sciences 

Social 
Sciences 

Biological 
Sciences 

Business Chemical 
Sciences 

Engineering Medical 
Sciences 

Physical 
Sciences 

Social 
Sciences 

NRF Chairs  12  9  9  10  12  12  10  11  5  8  9  11  12  9 

A‐Rated  22  16  11  12  26  14  8  23  2  8  12  27  14  5 

B‐Rated  13  10  11  9  12  11  7  14  9  11  8  13  11  6 

C‐Rated  8  5  7  6  8  6  5  7  4  6  5  7  4  4 

Y‐Rated  7  4  6  6  6  4  4  6  3  5  5  6  4  3 

L‐Rated  6  5  4  4  5  7  4  5  4  3  3  4  6  3 

 

Table 8: Logit Regressions 

Figures in round parentheses denote standard errors; *** denotes statistical significance at the 1% level; ** denotes statistical significance at the 5% level; ** denotes statistical significance at the 
10% level;  LL denotes Log‐Likelihood. 

  NRF Chair A‐Rated B‐Rated C‐Rated  Y‐Rated L‐Rated
Constant  ‐3.66823***

(0.1814) 
‐4.57401 ***
(0.2238) 

‐1.88336***
(0.09083) 

0.672796*** 
(0.07344) 

‐1.28407***
(0.1062) 

‐2.49316***
(0.1943) 

h‐index  0.0511075**
(0.02061) 

0.0985759***
(0.01783) 

0.0579240***
(0.01207) 

‐0.0397896*** 
(0.01178) 

‐0.0777203***
(0.02249) 

‐0.205436***
(0.05869) 

Biological x h‐index ‐0.0263144
(0.01951) 

0.0230973
(0.01493) 

0.0135261
(0.01062) 

‐0.0205551* 
(0.01056) 

0.0157744
(0.01967) 

0.0292923
(0.05028) 

Chemistry x h‐index 0.0174202
(0.02375) 

‐0.0164226
(0.02382) 

0.0296606**
(0.01363) 

‐0.000274238 
(0.01334) 

‐0.0189025
(0.02328) 

‐0.0961341
(0.09890) 

Engineering x h‐index 0.0179066
(0.02247) 

0.0229494
(0.02007) 

0.0122132
(0.01388) 

‐0.0307108** 
(0.01419) 

0.0435521*
(0.02232) 

‐0.163335
(0.1097) 

Medical x h‐index ‐0.0193000
(0.02330) 

0.000221826
(0.01668) 

‐0.0203075*
(0.01203) 

0.00906168 
(0.01164) 

0.00819546
(0.02150) 

0.0675228
(0.05346) 

Physics x h‐index  0.0435229*
(0.02312) 

0.0534653**
(0.02181) 

0.0491395***
(0.01618) 

‐0.0571203*** 
(0.01758) 

‐0.0713608**
(0.03612) 

0.0773959
(0.06466) 

Social Sci x h‐index 0.0359887
(0.02512) 

0.0236329
(0.02279) 

0.0229033
(0.01582) 

‐0.0159500 
(0.01544) 

‐0.180874***
(0.04906) 

0.104590**
(0.05238) 

   
LL  ‐315.758372 ‐267.053574 ‐967.692095 ‐1270.06945  ‐715.958064 ‐249.546783
Baseline LL  ‐329.1173 ‐319.6227 ‐1026.791 ‐1317.224  ‐749.1871 ‐270.1957
N  1913 1913 1913 1913  1913 1913
Chi‐square  26.718*** 105.14*** 118.2*** 94.309***  66.458*** 41.298***

 

  

 



 

Table A1 

Figures in round parentheses denote robust standard errors; *** denotes statistical significance at the 1% level; ** denotes statistical significance at the 5% 
level; ** denotes statistical significance at the 10% level. 

Dependent Variable:  Papers  Citations  Years  Cites per Year  Cites per Author  Papers per Author  Authors per Paper  h‐index  g‐index  hc‐index  hI‐index  hI‐norm  e‐index  hm‐index  AWCR  AW‐index  AWCpA 
Constant  54.24*** 

(2.34) 
308.85*** 
(22.01) 

33.23*** 
(1.05) 

8.39*** 
(0.58) 

137.37*** 
(9.84) 

28.54*** 
(1.37) 

2.40*** 
(0.03) 

6.50*** 
(0.18) 

10.82*** 
(0.32) 

4.06*** 
(0.11) 

2.56*** 
(0.06) 

4.29*** 
(0.11) 

7.90*** 
(0.25) 

4.12*** 
() 

29.31*** 
(2.15) 

4.06*** 
(0.11) 

12.52*** 
(1.19) 

NRF Chair  5.25 
(14.46) 

232.76*** 
(149.75) 

‐9.56*** 
(3.15) 

16.69*** 
(4.97) 

116.63 
(83.62) 

2.72 
(9.60) 

0.29*** 
(0.09) 

1.71*** 
(0.91) 

4.71*** 
(1.68) 

2.12*** 
(0.63) 

0.53 
(0.38) 

1.28*** 
(0.62) 

4.53*** 
(1.31) 

0.85 
() 

36.05*** 
(14.80) 

1.93*** 
(0.65) 

16.30*** 
(7.33) 

A  126.30*** 
(20.87) 

1583.50*** 
(299.29) 

18.16*** 
(5.21) 

35.19*** 
(6.99) 

757.44*** 
(148.14) 

64.02*** 
(10.69) 

‐0.09 
(0.09) 

10.56*** 
(1.48) 

18.15*** 
(2.70) 

5.49*** 
(0.87) 

4.50*** 
(0.55) 

6.99*** 
(0.91) 

12.48*** 
(2.04) 

7.43*** 
() 

136.59*** 
(25.03) 

6.06*** 
(0.92) 

59.87*** 
(10.62) 

B  39.04*** 
(5.12) 

330.46*** 
(43.46) 

10.22*** 
(2.28) 

9.46*** 
(1.24) 

147.39*** 
(20.98) 

18.42*** 
(2.97) 

0.01 
(0.04) 

4.02*** 
(0.37) 

7.18*** 
(0.68) 

2.25*** 
(0.24) 

1.61*** 
(0.15) 

2.67*** 
(0.24) 

5.13*** 
(0.52) 

2.68*** 
() 

31.74*** 
(4.36) 

2.36*** 
(0.24) 

13.19*** 
(2.08) 

Y  ‐14.61*** 
(4.99) 

‐43.19 
(50.83) 

‐9.99*** 
(2.30) 

2.47* 
(1.42) 

‐44.37*** 
(18.69) 

‐‐11.34*** 
(2.25) 

0.32*** 
(0.07) 

‐0.95*** 
(0.39) 

‐0.89 
(0.72) 

0.25 
(0.27) 

‐0.73*** 
(0.12) 

‐0.88*** 
(0.22) 

‐0.16 
(0.56) 

‐1.07*** 
() 

4.77 
(5.91) 

0.16 
(0.28) 

‐0.99 
(2.18) 

L  ‐25.01*** 
(6.03) 

‐202.41*** 
(34.43) 

‐10.72*** 
(2.94) 

‐4.57*** 
(0.89) 

‐89.41*** 
(15.43) 

‐11.64*** 
(3.97) 

‐0.10 
(0.13) 

‐2.60*** 
(0.50) 

‐4.54*** 
(0.89) 

‐1.37*** 
(0.31) 

‐0.84*** 
(0.20) 

‐1.62*** 
(0.31) 

‐3.34 
(0.68) 

‐1.54*** 
() 

‐17.06*** 
(3.65) 

‐1.47*** 
(0.32) 

‐7.53*** 
(1.60) 

                                   
Adj‐R2  0.11  0.13  0.04  0.12  0.13  0.09  0.02  0.15  0.14  0.12  0.19  0.17  0.12  0.17  0.11  0.13  0.10 

F  46.33***  56.44***  15.34***  53.31***  58.81***  38.35***  7.87***  70.7***  65.83***  52.24***  91.55***  81.97***  55.09***  82.91***  48.6***  56.34***  41.97*** 
N  1932  1932  1932  1932  1932  1932 1932 1932 1932  1932 1932 1932  1932  1932  1932  1932  1932 

 



Table A2: Standard Deviations 

  NRF Chairs  A  B  C  Y  L 
Papers  30.403  50.431  59.076  62.307  28.810  9.2403 
Citations  313.98  639.20  458.61  545.50  280.34  41.152 
Years  7.9040  13.290  27.061  30.139  14.225  5.4791 
Cites per Year  11.537  15.138  14.521  14.201  8.3773  1.1504 
Cites per Paper  2.4622  2.2500  3.7362  6.1533  2.7475  0.63823 
Cites per Author  165.69  311.30  213.54  240.17  96.965  18.480 
Papers per Author  18.859  25.777  31.870  35.692  11.827  5.9482 
Authors per Paper  0.54544  0.48024  1.0877  1.3530  0.99023  0.42614 
h‐index  2.7302  4.2327  5.5573  5.3862  2.7542  0.94122 
g‐index  5.1525  7.4216  9.7719  9.3914  5.0271  1.5899 
hc‐index  1.9239  2.4342  3.4522  3.3118  2.0503  0.62242 
hI‐index  1.0750  1.6845  2.2128  2.0057  0.86599  0.39921 
hI‐norm  1.8509  2.7302  3.6251  3.4341  1.5865  0.61706 
e‐index  4.0460  5.4074  7.2817  7.2576  3.8973  1.1835 
hm‐index  1.7835  2.8331  3.6014  3.3750  1.5736  0.61033 
AWCR  32.831  54.603  47.021  53.088  33.907  4.6188 
AW‐index  1.9311  2.5715  4.0295  3.3548  2.0558  0.61659 
AWCpA  22.632  28.632  19.026  12.755  4.4256  1.0078 

 



Table A3: Linear Rating Score 

Figures in round parentheses denote robust standard errors; *** denotes statistical significance at the 1% level; ** denotes statistical significance at the 5% 
level; ** denotes statistical significance at the 10% level;  LL denotes Log‐Likelihood. 

  (1)  (2)  (3)  (4) 
Constant  2.90913*** 

(0.030186) 
3.00572*** 
(0.025556) 

3.01122*** 
(0.071602) 

3.09269*** 
(0.078676) 

Papers  0.00130768*** 
(0.00046140) 

    0.00492238*** 
(0.0012852) 

Citations  9.66823e‐005*** 
(3.6178e‐005) 

    ‐0.000378947*** 
(0.00012969) 

Years  0.00165695*** 
(0.00059837) 

    0.00359267*** 
(0.00078253) 

Cites per year    0.00563728*** 
(0.0020225) 

  0.00896777*** 
(0.0022318) 

Cites per Paper    ‐0.00761908* 
(0.0045169) 

  0.000819045 
(0.0064025) 

Cites per Author    0.000282657** 
(0.00013797) 

  0.000588272*** 
(0.00026255) 

Papers per Author      0.00377726*** 
(0.00084945) 

‐0.00670539*** 
(0.0022428) 

Authors per Paper      ‐0.0176305 
(0.025480) 

‐0.116840*** 
(0.033351) 

         
         
Adj‐R2 0.0687256  0.0623121  0.0486666  0.0958489 
F‐Test  48.5***  42.71***  50.39***  26.59*** 
N  1932  1932  1932  1932 

 

  (5)  (6)  (7)  (8)  (9)  (10)  (11)  (12)  (13)  (14)  (15)  (16)  (17) 
Constant  2.79634*** 

(0.030605) 
2.82550*** 
(0.028715) 

2.84657*** 
(0.030662) 

2.75012*** 
(0.031011) 

2.76084*** 
(0.032879) 

2.86306*** 
(0.028131) 

2.78245*** 
(0.032053) 

3.00511*** 
(0.023692) 

2.84146*** 
(0.031508) 

3.02134*** 
(0.02125) 

2.77526*** 
(0.030804) 

2.77829*** 
(0.031620) 

2.77359*** 
(0.038890) 

h‐index  0.0387331*** 
(0.0033742) 

                  0.0219569 
(0.018521) 

0.0364801*** 
(0.011789) 

 

g‐index    0.0205314*** 
(0.0018067) 

                0.0195127 
(0.0099405) 

   

hc‐index      0.0509972*** 
(0.0054353) 

              ‐0.0595937*** 
(0.015948) 

‐0.0538785*** 
(0.015257) 

 

hI‐index        0.114464*** 
(0.0089985) 

            0.0913569*** 
(0.039587) 

0.0988462*** 
(0.018046) 

 

hI‐norm          0.0659369*** 
(0.0058047) 

          0.0435054 
(0.032829) 

   

e‐index            0.0240600*** 
(0.0024015) 

        ‐0.0157715 
(0.0098524) 

   

hm‐index              0.0640790*** 
(0.0058563) 

      ‐0.0326375 
(0.031468) 

   

AWCR                0.00205693*** 
(0.00039052) 

        ‐0.00253536*** 
(0.0010966) 

AW‐index                  0.0517774*** 
(0.0056512) 

      0.0792166*** 
(0.012451) 

AWCpA                    0.00411669*** 
(0.0004586) 

    0.00251037*** 
(0.0021606) 

  0.0947049  0.0858734  0.0617888  0.119358  0.108958  0.0692882  0.109377  0.0443273  0.0677115  0.0395992  0.126218  0.125953  0.072467 
  203***  182.4***  128.2***  262.7***  237.1***  144.8***  238.1***  90.57***  141.2***  80.58***  40.85***  93.75***  51.26*** 
  1932  1932  1932  1932  1932  1932  1932  1932  1932  1932  1932  1932  1932 

 



Table A4: Non‐Linear Rating Score 

Figures in round parentheses denote robust standard errors; *** denotes statistical significance at the 1% level; ** denotes statistical significance at the 5% 
level; ** denotes statistical significance at the 10% level;  LL denotes Log‐Likelihood. 

  (1)  (2)  (3)  (4) 
Constant  4.10123*** 

(0.056999) 
4.25712*** 
(0.052535) 

4.21340*** 
(0.13094) 

4.43913*** 
(0.13921) 

Papers  0.00231913*** 
(0.0010368) 

    0.00964281*** 
(0.0027388) 

Citations  0.000328405 
(9.2338e‐005) 

    ‐0.000758356*** 
(0.00029407) 

Years  0.00211676* 
(0.0012903) 

    0.00635244*** 
(0.0016034) 

Cites per year    0.0133819*** 
(0.0044828) 

  0.0190254*** 
(0.0051314) 

Cites per Paper    ‐0.0195835*** 
(0.010133) 

  ‐0.00557448 
(0.014025) 

Cites per Author    0.000728443*** 
(0.00027136) 

  0.00154739*** 
(0.00058845) 

Papers per Author      0.00846290*** 
(0.0016925) 

‐0.0144737*** 
(0.0046891) 

Authors per Paper      ‐0.0102652 
(0.045844) 

‐0.210678*** 
(0.060239) 

         
         
Adj‐R2 0.092527  0.0952715  0.0621087  0.122133 
F‐Test  66.63***  68.78***  64.94***  34.58*** 
N  1932  1932  1932  1932 

 

  (5)  (6)  (7)  (8)  (9)  (10)  (11)  (12)  (13)  (14)  (15)  (16)  (17) 
Constant  3.81604*** 

(0.060253) 
3.87187*** 
(0.056438) 

3.89671*** 
(0.061597) 

3.72081*** 
(0.059611) 

3.74086*** 
(0.063781) 

3.95008*** 
(0.056169) 

3.78819*** 
(0.061157) 

4.24736*** 
(0.047400) 

3.88743*** 
(0.062991) 

4.28835*** 
(0.064542) 

3.75387*** 
(0.059962) 

3.75488*** 
(0.062036) 

3.83893*** 
(0.077582) 

h‐index  0.0851587*** 
(0.0074970) 

                  0.00795709 
(0.038245) 

   

g‐index    0.0457703*** 
(0.0040449) 

                0.0464399*** 
(0.021871) 

0.0221477*** 
(0.010500) 

 

hc‐index      0.118238*** 
(0.012169) 

              ‐0.0732471*** 
(0.033193) 

‐0.0602797*** 
(0.027811) 

 

hI‐index        0.249536*** 
(0.019614) 

            0.213832*** 
(0.081579) 

0.239179*** 
(0.034954) 

 

hI‐norm          0.144400*** 
(0.012521) 

          0.0572261 
(0.064071) 

   

e‐index            0.0542122*** 
(0.0054600) 

        ‐0.0324072 
(0.020347) 

   

hm‐index              0.140330*** 
(0.012368) 

      ‐0.0445620 
(0.062394) 

   

AWCR                0.00515715*** 
(0.00090053) 

        ‐0.00283141 
(0.0025978) 

AW‐index                  0.119520*** 
(0.012510) 

      0.139501*** 
(0.027664) 

AWCpA                    0.11952*** 
(0.0033962) 

    0.00419685 
(0.0054484) 

                           
Adj‐R2  0.117182  0.109268  0.0851268  0.145164  0.133739  0.0901054  0.134252  0.0715666  0.0924457  0.0624174  0.14724  0.147696  0.0935782 
F‐Test  257.3***  237.9***  180.7***  328.9***  299.1***  192.2***  300.4***  149.8***  197.7***  129.5***  48.63***  112.5***  67.42*** 

N  1932  1932  1932  1932 1932 1932 1932 1932  1932 1932 1932 1932 1932
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Figure 1A: Probability Values – Absolute Measures of Output (Papers) 
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Figure 1B: Probability Values – Raw Citation Counts 
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Figure 1C: Probability Values – Composite (index) Citation Counts 
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Figure 1D: Probability Values – Composite (index) Citation Counts, cont. 
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Figure 2: Impact of h‐index on Probability of Rating 
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