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In the race for knowledge, is human capital the
most essential element?
Laura Sinay 1,2✉, Rodney William (Bill) Carter2 & Maria Cristina Fogliatti de Sinay3

Clarivate Analytics, managers of Web of Science, publishes an annual listing of highly cited

researchers. The opening sentence of the 2019 report asks “Who would contest that in

the race for knowledge, is human capital that is most essential?”. They go on to state that

“talent—including intelligence, creativity, ambition, and social competence (where needed)—

outpaces other capacities such as access to funding and facilities”. These contradict previous

findings, according to which other factors are possibly more influential than human capital.

Using Clarivate Analytics’ database for 2018, we investigated which factors are most relevant

in development of scientific knowledge. Rather than human capital alone, we found that

language, gender, funding, and facilities introduce bias to assessments and possibly prevent

talent and discoveries from emerging. We also found that the profile of the highly cited

scholars, as established by Clarivate Analytics, is so narrow that it may compromise the

validity of scientific knowledge, because it is biased towards the perception and interests of

male scholars affiliated with very-highly developed countries where English is commonly

spoken and of their sponsors. This highly cited scholars accounted for 76% of the random

sample analyzed, absent were women from Latin-America, Africa, Asia, and Oceania, and

scholars affiliated with institutions in low-human-developed countries. Also, 98% of the

published research came from institutions located in very-highly developed countries. These

findings provide evidence that challenges the view that ‘talent is the primary driver of sci-

entific advancement’. This is important because search engines, such as Web of Science, can

modify their algorithms to ensure the work of scholars that does not fit the currently

dominant profile can have their importance increased so that their findings can more equi-

tably contribute to knowledge development. This, in turn, will increase the validity of scientific

inquiry.
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Introduction

Every year Clarivate Analytics, the company that manages
Web of Science, lists highly cited researchers from analysis
of their database of published peer-reviewed articles. Early

in the 2019 report, they asked “Who would contest that in the
race for knowledge, is human capital that is most essential?”
(Clarivate Analytics, 2018a, p. 5). They amplified this question by
stating that “talent—including intelligence, creativity, ambition,
and social competence (where needed)—outpaces other capacities
such as access to funding and facilities” (Clarivate Analytics,
2018a, p. 5). This understanding contradicts previous findings
that suggest other elements used in algorithms by automated
search engines such as gender, language and funding, might be
significantly restricting the development of scientific knowledge
(Sinay et al., 2019a; Angermuller and Hamann, 2019).

Using a randomly selected group of scholars listed on the
Clarivate Analytics’ database for 2018, we explored whether other
factors might be as, or more important than human capital in the
race for knowledge development. We hypothesized that if human
capacity and talent are the most essential criteria for knowledge
development, then the profile of prominent scholars that emerge
from databases should be equally distributed among gender, level
of country development, access to funding and languages spoken
in the country where scholars are affiliated.

Other elements affecting the race for knowledge
While Clarivate Analytics states that talent is the fundamental
element in the race for knowledge (Clarivate Analytics,
2018a, 2018b), other scholars have identified additional factors
that may as well be affecting science development. Among those,
gender is one of the most frequently described elements (Ceci and
Williams, 2011; Moss-Racusin et al., 2012; Nielsen, 2016; Cooper
et al., 2019). Female scholars’ influence on science have been
found to be negatively affected by stereotypes (Cooper et al.,
2019), family commitments (Ceci and Williams, 2011), implicit
favoritism of academic decision makers for promoting men over
women (Moss-Racusin et al., 2012) and by females’ lower
research productivity in comparison to males (Nielsen, 2016;
Mairesse and Pezzoni, 2015; Mayer and Rathmann, 2018). In this
context, currently and worldwide <30% of scholars are women
(UNESCO, 2019).

Another element frequently cited as an impediment for
knowledge development is language (Angermuller and Hamann,
2019). As English has been stated as the language of science
(American Society for Cell Biology, 2012), those scholars that are
not fluent in English tend to be disadvantaged in the race for
knowledge development (American Society for Cell Biology,
2012; Drubin and Kellogg, 2017). A frequent complaint is “that
manuscript reviewers often focus on criticizing their English,
rather than looking beyond the language to evaluate the scientific
results and logic of a manuscript” (Drubin and Kellogg,
2017, p. 2).

Access to funding has also been found to influence the race for
knowledge (Jacob and Lefgren, 2011; Vlăsceanu and Hâncean,
2015; Cattaneo et al., 2016; Hottenrott and Lawson, 2017). The
degree of this influence, however, seems to vary according to the
amount and extent of funding (Kem, 2010; Rosenbloom et al.,
2015).

The algorithm currently used by automated search engines is
also believed to influence the development of science (Adam,
2002; American Society for Cell Biology, 2012; Hicks et al., 2015;
Sinay et al., 2019a). This algorithm was proposed initially in 1955
by Prof. Eugene Garfield as a tool to disseminate and retrieve
scientific literature (Garfield, 2007) and to recognize authorship
(i.e. who influenced who in the scientific world) (Garfield, 1956).

It was, then, a procedure developed to systematize the existing
scholarly literature, but now serves many different purposes
(Garfield, 2007). For example, it currently guides library-
purchasing policy for journals, author assessments on where to
publish, measurments of scientific productivity and for deter-
mining research funding and tenure of scholars and, of course, it
is also used to order the results of scholarly performance
(Garfield, 1965, 2007; Adam, 2002; Baneyx, 2008; Hall, 2015;
Sinay et al., 2019a).

Garfield’s algorithm was introduced to the public in 1964 by
the Institute for Scientific Information via the Web of Knowledge
platform (later Web of Science) (Clarivate Analytics, 2018b).
Today, it underpins most of the scholarly search engines. Some of
the fundamental assumptions of the algorithm of science, how-
ever, are believed to influence the development of knowledge by
overestimating the importance of some profiles of scholars over
others (Hicks et al., 2015; Bol et al., 2018; Sinay et al., 2019a).

One of these assumptions relates to Bradford’s law (Bradford,
1934), according to which a “small percentage of journals account
for a large percentage of the articles published in a specific field of
science” (Garfield, 1965, p. 112). Due to this understanding, when
using Web of Science, scholars can only access “research literature
linked to a rigorously selected core of journals” (Clarivate Ana-
lytics, 2019b, p. 3). A similar approach is used by Scopus (Else-
vier, 2019). Google Scholar may be the exception as, in 2018, their
webpage explicitly stated that all academic contributions from
‘sensible’ websites, including ‘gray’ literature, were incorporated
on their database (Sinay et al., 2019b). However, in 2020 they
specifically list their sources: “articles, theses, books, abstracts and
court opinions, from academic publishers, professional societies,
online repositories, universities and other web sites”, making no
reference to ‘gray’ literature (Google Scholar, 2019, 2 -
paragraph 2).

In the context of Bradford’s law, when a researcher makes an
automated search, results tend to only include articles published
in high-impact journals. Hence, despite their quality, papers in
journals with moderate to low-impact factors, often in the arts
and social sciences, are excluded from consideration by the
algorithm (Clarivate Analytics, 2018a; Elsevier, 2019). As most
high-impact journals are in English (Bortolus, 2012), also
excluded are works published in other languages (Amano et al.,
2016).

Another issue is that the algorithm of science is set to estimate
scholars’ productivity based on the number of papers they publish
in high-impact journals (Noorden and Chawla, 2019; Google
Scholar, 2019; Clarivate Analytics, 2020a). While this omits
innovative work published in languages other than English, it also
disadvantages scholars from less developed countries, usually
with more lecturing responsibilities and less time for developing
research (Boyer, 1990; American Society for Cell Biology, 2012).
It also introduces gender bias with women tending to publish less
than men (Mairesse and Pezzoni, 2015; Nielsen, 2016; Mayer and
Rathmann, 2018). More importantly, it ignores that in the race
for ‘productivity’, ‘top’ scholars are publishing an implausible
number of works, reaching as high as 3000 scholarly publications
per author (Sinay et al., 2019a).

The algorithm measures a scholar’s success based on the
number of times their work has been cited within the related
database (Garfield, 1970; Clarivate Analytics, 2020b), ignoring
negative citations and introducing potential bias towards well-
established schools of thought that reinforce a paradigmatic
position rather than innovation and discovery (Sinay et al., 2019a;
Agnieszka et al., 2019). This is particularly controversial when
works are being authored by thousands of scholars, which fosters
cross-citations (Noorden and Chawla, 2019).
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Lastly, the algorithm is based on Merton’s technical norms of
science (Merton, 1942; Merton and Garfield, 1979), which states
“race, nationality, religion, class, and personal qualities are as
such irrelevant” for science development (Merton, 1942, p. 53).
While we wish this were so, we are well aware that the perspective
of scholars limits the “problems that are studied, the methods and
technologies that are applied and, in the case of social sciences,
the moral values from where the observer considers the research”
(Sinay et al., 2019a, p. 553). While this assumption has been
denied for long and by many (Brightman, 1939; Ihde, 2002;
Angermuller, 2017), it remains in the algorithm of science by
default through lack of buffering of the influence of personal
characteristics (Clarivate Analytics, 2020b).

There is an obvious divergence between Clarivate Analytics’
understanding of the most impactful elements on the race for
knowledge and what has been published in the scholarly litera-
ture. The first states talent is the key element; the later asserts
gender, language, funding and the algorithm of science largely
define who is likely to win ‘the race’.

Method
A random sample collected from the Clarivate Analytics database
of Highly Cited Researchers for 2018 was used in this research to
explore other factors that might be as, or more important than
human capital in the race for knowledge development. The
database is organized in 22 areas of knowledge1 and comprises
3539 authors, listed alphabetically.

A random number generator2 was used to arbitrarily select
three numbers between 1 and 26, corresponding to the 26 letters
of the English alphabet. The numbers retrieved were 1, 11, and 15,
which correspond to the letters A, K, and O, respectively. For
determining the sample, within each area of knowledge, we
selected the first three scholars whose last name starts with each
of these three letters. Scholars whose first name was not available
or only the initials were available were excluded from the sample
because identifying gender would not have been possible. These
scholars were substituted by the next one on the list (by doing so,
it was possible to determine the gender of all the scholars on the
dataset). Also, there were cases in which there were less than three
scholars per area of knowledge whose last name started with the
selected letters; in these cases, too, the sample was completed with
the next scholar on the list. By this process, we randomly selected
198 scholars. Thus, the chosen scholars are not necessarily the
‘top’ scholars among the Clarivate Analytics’ dataset. They just
represent a random selection.

This research focuses on exploring the influence of gender,
access to funding (sponsorship), journal of publication, number
of co-authors, language and level of development of country of
primary affiliation in the race for knowledge development,
because these were identified in previous research as being rele-
vant. Other factors, such as religion and ethnicity, are likely to
also be relevant, yet information on these is not available.

Information regarding country of primary affiliation of scho-
lars was gathered on the Clarivate Analytics dataset and was
“specified by the Highly Cited Researchers themselves” (Clarivate
Analytics, 2019a, p. 19). These data were analyzed based on the
Human Development Report 2019 (United Nations Development
Program, 2020) to determine the level of human development of
the countries where top-scholars work. It was also used to analyze
the likelihood of top-scholars being fluent on English, as previous
research indicates that scholars fluent on English are more likely
to be cited (Drubin and Kellogg, 2017). In this context and in this
research, it was considered that English is commonly spoken in
countries where at least 30% of the population speaks the lan-
guage. This analysis was based on the World Fact Book (Central

Intelligence Agency, 2020) and, when additional information was
necessary, on Wikipedia.

Gender of the sample was discovered using Google Photos.
Information on the percentage of male and female scholars per
country is based on UNESCO’s Institute for statistics (UNESCO,
2020).

The latest ‘highly cited publication’ up to December 2018 of
each scholar was used to collect data about number of citations, of
co-authors and of sponsors, and journal of publication. These
publications were found using Web of Science, which auto-
matically highlights the ‘highly cited publications’; i.e. those that
“reflect the top 1% of papers by field and publication year”
(Clarivate Analytics, 2020a, 2020b, p. 6). Information regarding
number of citations was collected in August 2019.

Information related to sponsorship was gathered from pub-
lications as stated by the authors. Where authors did not dis-
closure funding, research was considered to have been developed
without sponsorship.

Descriptive statistic methods were used to analyze gender,
access to funding (sponsorship), journal of publication, number
of co-authors, language and level of development of country of
primary affiliation. This included estimating average, minimum
(min) and maximum (max) sample values, standard deviation
(SD), median and mode for distribution of parameters analyzed.

Results
Scholar profiles of the analyzed sample (N= 198) indicate that
about half (49.5%) of the authors are affiliated with institutions in
the USA. The remaining 100 scholars are affiliated with 29 other
countries. Therefore, of the 192 countries recognized by the
United Nations, 83% were not represented in the sample.

The same percentage (i.e. 83%) of scholars in the sample are
male. UNESCO has information on gender distribution for 21 of
the 30 countries to which top-scholars in the sample are primarily
affiliated (Fig. 1). The average percentage of male scholars in
these countries is 67 (SD= 8; min= 51; max= 85). Within the
analyzed sample, 90 scholars are primarily affiliated to the 21
countries for which UNESCO (2020) has gender distribution
data. Within this sample (N= 90), 80% are male scholars. That is,
not only are there fewer women than men in science, but it is also
more difficult for female scholars to reach the top.

Of the analyzed scholars, 98% are primarily affiliated with
‘very-highly developed’ countries.3 Within the sample, only one
scholar is affiliated with a country ranked as having ‘medium-
human development’ (Pakistan). However, this scholar is also
affiliated with the University of Pretoria (University of Pretoria,
2020) in South Africa, which is classified by UNESCO as a high-
developed country. No scholars within the analyzed sample are
primarily affiliated with countries classified as having ‘low-human
development’.

Among the countries analyzed, China, which is classified as
having a ‘high’ development level, has the highest number of
scholars (Fig. 2). We infer therefore that level of development is,
at least for the analyzed sample, more influential in the race for
knowledge than the total number of scholars.

Language follows a similar tendency with 93% of the analyzed
scholars being affiliated with countries where English is spoken by
at least 30% of the population. Of the remaining scholars, five are
affiliated with Spain, four with Japan, two with China, two with
Turkey and one with Brazil. China and Japan are among the three
countries with the highest number of scholars (Fig. 2). In com-
parison, the UK has less than half the total number of scholars of
Japan and about 80% less than China. Still, there are 15 scholars
affiliated to the UK within the sample. Therefore, English fluency
considerably affects knowledge development.
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The influence of language and level of development is even
more severe when we only consider the women’s sample
(N= 33). All 33 female scholars in the sample are primarily
affiliated with ‘very-highly developed’ countries where English is
commonly spoken. There are no female scholars affiliated to
Latin-American or African countries, and only two are affiliated
to countries in Asia, both from South Korea. That is, language
and level of development are key filters on female scholars’
influence in the race of knowledge.

The number of authors per publication varied between 1 and
2834. Considering the whole sample (N= 198), the average
number of authors per publication is 56.3 (SD= 229; median 11;
mode 4). The number of authors per publication of 1% of the
sample is greater than three times the value of the standard
deviation (outliers). If we exclude these from the sample
(N= 196), then the average number of authors per publication

drops to 36.5, but still with a high standard deviation (SD= 84).
That is, top scholars tend to publish with many authors, which
facilitates increasing the number of publications and reinforce-
ment of bias caused by cross-citation.

For sponsorship, 90% of the authors identified who sponsored
their research. Among the 23 authors that did not report spon-
sorship, only one (0.5% of the sample) is not affiliated to a very-
highly developed country. That is, with this exception, scholars in
the sample either had access to ‘1st world’ facilities or were
sponsored.

The number of sponsors per research paper varied between 0
and 221. If we consider the whole sample (N= 198) and that
non-identification of sponsors means no sponsorship, which
may not be always the case, then the average number of sponsors
per publication is 7.26 (SD= 22.2; median 11; mode 1). The
number of sponsors of 1% of the sample is greater than three

Fig. 1 Average gender distribution among scholars (based on UNESCO, 2020). UNESCO’s (2020) data were used to specify values of blue and read
bars. The dashed yellow line represents the ideal situation in which half of the scholars are female and the straight yellow line represents percentage of
male scholars within the complete analysed sample. The green dashed line represents the average percentage of male scholars at the countries considered
in the dataset but based on UNESCO’s data’s (2020) and the straight green line represents the same percentage but based on the reduced analyzed
sample.
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times the standard deviation (outliers). If we exclude these from
the sample (N= 196), then the average number of sponsors is
5.08 (SD= 5.3).

The 198 papers analyzed were published in 130 academic jour-
nals. All papers and all journals were published in English. The
average number of publications per journal is 1.5 (SD= 1.55,
median 1; mode 1). Yet, the number of publications of 23% of the
sample is greater than three times the standard deviation (outliers).
If we exclude these (N= 152), then the average number of pub-
lications per journal is 1.23 (SD= 0.57). The two most represented
journals were Science with 5.1% of the publications (10 articles), and
Nature and its family of journals having 17.6% of the publications
considered (11 articles in Nature plus 24 in its family journals).
While there are at least 40,000 scholarly journals actively publishing,
nearly half (45%) of the papers of the sample were published on just
10 families of journals (Table 1). That is, papers published in lan-
guages other than English or in less impactful journals, independent
of their scientific contribution, are less frequently cited. Also, the
race for knowledge development is being influenced by a very
reduced percentage of the active journals.

Is human capital the most influential ingredient for ‘top
scholars’?
Seven peculiarities of the sample are critical for considering
whether human capital is indeed the most essential characteristic
of ‘top scholars’ and most essential in the race for knowledge.

Fig. 2 Number of total scholars and of top-scholars on the analyzed sample organized per country. UNESCO’s (2020) data were used to discover the
number of scholars per million inhabitants and Worldometer’s (2020) data to determine the total population of each country.

Table 1 Journals most used for publication by most-cited
scholars.

Journal Number of publications

Nature 35
Science 10
IEEE 11
Lancet 6
Nucleic Acids Research 6
New England Journal of Medicine 5
JAMA—Journal of the American Medical
Association

4

Astrophysical Journal Supplement Series 5
Food Chemistry 3
Blood 3
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(1) Of the 198 scholars that compose the analyzed sample, there
are no women from Latin-America, Africa, Asia or Oceania. (2)
The database has no scholars affiliated with institutions in ‘low-
human-development’ countries, and only one scholar is affiliated
with a ‘medium-development’ country. (3) There are no papers or
journals written in languages other than English. (4) At least 90%
of the research outputs analyzed have been sponsored. (5) Of the
research, 94% has been developed in institutions located in ‘very-
highly-developed’ countries. (6) Of the scholars, 83% are males
affiliated with ‘very-highly-developed’ countries where English is
commonly spoken. (7) Almost half of the most visible researchers
are authors affiliated with institutions in the USA.

Consequently, either scholars affiliated with less developed
countries (especially women and those that do not have English
as their first language) are less talented, intelligent, creative,
ambitious and have less social competence than men affiliated
with institutions located in ‘very-highly developed’ countries
where English is commonly spoken, or language, gender, funding
and facilities play a major role in the race for knowledge. As there
is no scientific evidence to support that talent is related to gender,
level of development of country of affiliation or languages spoken,
one can conclude that the opening statement of Clarivate Ana-
lytics is misleading. Instead, the analyzed data demonstrates that
gender, language, funding (which is related to sponsorship) and
facilities (which largely depends on the level of development of
country of primary affiliation) are the essential factors in the race
for knowledge, which corroborates previous findings.

Why does it matter to prove that talent is not the essential
element in the race for knowledge?
“In a time when the influence of fake news prevails over the
influence of facts, science becomes, more than ever, the most
reliable source of knowledge” (Sinay et al., 2019a, p. 549). Yet, not
everybody believes in science. According to Butts (2016), “despite
extensive efforts at public science education, polling over the past
30 years has consistently shown that about 40–45 percent of
[USA] Americans believe that humans were supernaturally cre-
ated in the past 10,000 years… [and] Similar results have been
found for beliefs regarding anthropogenic climate change” (Butts,
2016, p. 286). While some (non) believers have negligible impact
on development, others can cause real harm. Denial of climate
change, for example, can threaten life itself (Butts, 2016), while
“the high-profile anti-vaccination movement has become influ-
ential in parts of the US and Europe” (Bedford, 2019, p. 16),
potentially bringing back fatal illnesses that were nearly extinct in
the recent past (Roberts, 2019).

People’s belief in science is related to trust in the scientific
method used to achieve verifiable results, and this trust is
somewhat dependent on people’s perception of (lack of) predis-
position and convergence of understandings. As such, knowledge
is expected to be developed based upon multiple lines of evidence
with different sponsors and in diverse settings, as this may
mitigate potential biases (Denzin and Lincoln, 1994) while
amplifying the possible questions and valid answers (Sinay, 2008).
Amplifying questions means studying the same issue from dif-
ferent perspectives and with different values, technologies and
interests.

Despite its importance, this diversity does not seem to be
occurring in science. Instead, a very restricted profile of scholars
(men fluent in English and affiliated with institutions located in
very-high developed countries) is directing knowledge, along with
their sponsors. Hence, issues such as, say, crop production in
Africa or infant attention deficit hyperactivity disorder (ADHD),
tend not to be studied by those closer to the problem, in these
cases, Africans, mothers, and teachers.

The restricted profile of scholars can be easily explained:
knowledge is power and, since the beginning of modern science,
power has largely been in the hands of the men of the wealthiest
nations. Hence, these men have historically directed knowledge
development. While the limited profile of scholars can be his-
torically explained, it diminishes people’s confidence in science. If
the number of people not believing in science were small, this
would not be a problem, but the number of people ignoring
scientific advice in the context of the SARS-CoV-2 and the
consequent fatalities cannot be ignored. If society wants to be
ready to react to threats such as the COVID-19 pandemic, the
number of people trusting and following science needs to
increase.

Increasing the number of scholars with different profiles on
knowledge development remains an enormous challenge, but
women and men of less developed countries are already doing
science and their contribution needs to be acknowledged.
Therefore, it is now just a matter of adjusting the algorithms used
in scholarly search engines (Adam, 2002; Baneyx, 2008; Hall,
2015; Sinay et al., 2019a), which are based on misleading
assumptions that neglect most of the work published by female
scholars and scholars affiliated with less developed countries
especially where English is not commonly spoken (Sinay et al.,
2019a). If algorithms are amended and the databases are aug-
mented, the discoveries made by a heterogenic group of scholars
will start to influence the development of knowledge (Sinay et al.,
2019a).

Reconsidering the question posed in this paper, it matters to
prove that Clarivate Analytics’ assumption is misleading, because
they manage the algorithm of Web of Science; hence, have the
power (and the knowledge) to update it. This, in turn, will
increase the validity of science.

Data availability
2018 Clarivate Analytics dataset is available at: https://hcr.
clarivate.com/resources/archived-lists/. The sample used for this
work is available at: http://research.usc.edu.au/vital/access/
manager/Repository/usc:29846.

Received: 12 November 2019; Accepted: 16 June 2020;

Notes
1 The 22 areas of knowledge: Agricultural Sciences Biology & Biochemistry Chemistry;
Clinical Medicine Computer Science Economics & Business Engineering;
Environment/Ecology Geosciences; Immunology; Materials Science Mathematics;
Microbiology; Molecular Biology & Genetics; Neuroscience & Behavior; Pharmacology
& Toxicology; Physics; Plant & Animal Sciences; Psychiatry/Psychology; Social
Sciences; Space Science and Cross-field.

2 The random number generator is available at https://www.random.org
3 UNESCO classifies levels of development as low, medium, high and very-high.
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