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ABSTRACT

The impact of the scientific output produced by different nations in different fields varies extensively. In
this article, we apply bibliometric and econometric analysis to study how citation impact varies across
countries. This paper differs from previous research in that a cross-section model is put forward to account
for such variation. A special focus is given to the Global South, as countries in this group have been
converging with the Global North recently. We find that previous citation impact, level of international
collaboration and total publications in a specific scientific field are important determinants of citation
impact among all nations. However, specialization in particular scientific fields seems significantly more
important in the Global South than in the Global North. These findings imply that most lower- and
middle-income countries would better concentrate their resources in generating higher critical masses
in specific fields, in addition to pursuing long-lasting international collaboration partnerships, as these

actions may lead to higher impact research.
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1. Introduction

There is a widely held assumption that scientific research has
positive effects on economic development, namely by increasing
human capital, by driving productivity growth, or by providing
evidence to inform policies and practice (DFID, 2014; Salter and
Martin, 2001). However, the process by which this happens is com-
plex, and there has been extensive debate about the extent to
which development funders and governments in the Global South,
or more generally in the peripheries, should invest in research.

A crucial aspect for analysing the scientific performance of coun-
tries is to understand whether their scientific output is having an
international impact or influence. The impact of published articles
can be regarded as being one crucial aspect of scientific quality, and
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is thus a “proxy” for quality, as follows from the bibliometrics liter-
ature (Moed, 2005). Studies that focus on measuring the scientific
impact of countries usually use citation analysis, as this arguably
enables international comparisons to be more objective (Garfield,
1979).

There are numerous studies in this field that assess research
at the country level, however only a few try to understand what
the determinants of citation impact are. This type of analysis can
help to understand why some scientific systems are performing
better than others. Overcoming this gap in the literature can be
particularly helpful to provide relevant insights for science policy,
for furthering the policy learning cycle and ultimately for increasing
the accountability of public policies.

Using the InCites™ tool of Web of Science/Thomson Reuters
(WoS™), this article applies bibliometric and econometric analysis
to evaluate which countries in the world are producing research
with higher research citation impact, and to account for those fac-
tors that lead to higher results. The ability to estimate the expected
number of citations of countries, by taking country characteristics
and other variables at the subject category level, can be helpful for
policy-makers in low-income and middle-income countries (the
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Global South), where public funds for financing the research system
are scarce.

Our main objectives are: first, to create a comprehensive frame-
work that can be used in the interpretation of different countries’
citation impact, particularly in the Global South; second, to con-
tribute to citation theory by understanding how the citation impact
indicators commonly used in high-income countries can be used
in lower income contexts, and; third, to provide assistance to
policy-makers by identifying those independent variables that sig-
nificantly influence the citation impact of countries.

In what follows, we will first focus on the framework aspects
of our analysis, then we will describe the data and methodology
used, and afterwards we will discuss the results obtained. Finally,
conclusions will be put forward.

2. Background
2.1. Science in the Global South

The North-South divide is generally considered based on its
political and socio-economic dimensions. Commonly, definitions
of the Global North include North America, Western Europe, and
developed parts of East Asia, while the Global South is perceived
as being made up of Africa, Latin America, and developing Asia,
including the Middle East. In this study we define Global North and
Global South in two ways: firstly, by using the World Bank defini-
tion of low & lower-middle-income countries versus upper-middle
& high-income countries'; and secondly, by dividing the world
between OECD countries? and non-OECD countries. This possible
division of the world into Global South and Global North has been
perceived to be not only in terms of wealth or human development,
but also in terms of scientific development.

In this context, the understanding of the links between research
investment and development has attracted an increasing attention.
Although it has been recognized that there is no unique path to
successful economic development which should be emulated by
every country, scholars such as Bernardes and Albuquerque (2003),
Fagerberg and Godinho (2004) and Lall (2000) have stated that, in
recent decades, countries that have caught up rapidly have tend
to invest in their higher education system and have developed
indigenous research efforts. According to Mazzoleni and Nelson
(2007), the research programmes that effectively contributed to
catch-up did not operate within “ivory towers”, but were rather
oriented towards an actual, or potential user-community. These
programmes were projected to help solve problems, and to advance
technology, being applicable to a particular economic area.

There are several ways in which research carried out within
national borders can help provide both effective and focused
responses to domestic problems, namely by being an enabler for
providing up-to-date and qualified training for the new genera-
tions of university graduates, and also by helping to attract qualified
people to the country, whilst improving the quality of local advice
to government and industry (Goldemberg, 1998). Investments in
science can not only provide knowledge and skills for increasingly
knowledge-intensive industries, but they also generate a “domestic
base of good scientists, which can break into the international net-
works where new technologies are being hatched” (Nelson, 2005).
These scientists can act as important conduits of frontier knowl-
edge into the local academic research community (Barnard et al.,

1 See the list of countries here: http://data.worldbank.org/about/country-and-
lending-groups.

2 See the list of countries here: http://www.oecd.org/about/
membersandpartners/list-oecd-member-countries.htm.

2012), which can potentially diffuse that knowledge to students,
the economy, and the general public.

Hence, the “scientific culture” of nations (Godin and Gingras,
2000) has been recognised as being a relevant dimension which is
achieved through countries investing in science. As stated in the
latest UNESCO Science Report, “the critical thinking that comes with
science education is vital to train the mind to understand the world
in which we live, make choices, and solve problems. Science literacy
supplies the basis for solutions to everyday problems, reducing the
likelihood of misunderstandings by furthering a common under-
standing. It provides answers that are testable and reproducible
and, thus, provides the basis for informed decision-making and
effective impact assessments” (UNESCO, 2015).

These arguments reveal the importance of science for interna-
tional development, although from an economic perspective, one
has to take into account the opportunity costs arising from invest-
ing in research. Therefore, a necessary and integral part of science
policy is to monitor and evaluate the various facets of the scien-
tific enterprise. By measuring the different characteristics of the
scientific systems, it is possible to create and manage policies for
improving the scientific performance of countries.

2.2. Can the Global South use the same bibliometric indicators as
those used in the North?

The use of bibliometric indicators for assessing the impact of sci-
entific publications has been on the rise in recent years. The ability
of the use of such indicators to lower costs and time of assess-
ment, without being invasive, and to enlighten political choices
by carrying out international comparisons, as well as their per-
ceived objectivity, have all been some of the main forces behind
its growing popularity (Moed, 2005). However, the bibliometric
assessment of research performance is based on a central assump-
tion: namely that scientists who have to communicate something
important, do so by publishing their findings in international peer-
reviewed journals. This choice unavoidably introduces a limited
view of a complex reality (van Raan, 2004). For instance, regionally
focused papers in the Global South (e.g. in Agricultural Sciences)
may make particularly important contributions to the local econ-
omy, yet remain uncited, as researchers elsewhere are indifferent
to those topics. Citation patterns can also differ for other rea-
sons: there are considerable database coverage biases (Moed, 2005;
Rafols et al., 2015); the research focus can be locally or more inter-
nationally oriented (van Raan, 2003); there is a language bias, as
most journals in WoS™ are written in English (Leeuwen et al.,
2001), and; finally, countries have different levels of access to some
journals, due to their financial constraints, selectivity, or publica-
tion policies (Lawrence, 2003). This last limitation is particularly
relevant in the Global South and may have acted in the past as a
stimulus for researchers from those countries to seek publication
through other channels, namely through other means that are not
registered in WoS™, or in other similar databases. This problem
was challenged recently by the Research4life® partnership, which
intends to provide developing countries with easy access to peer-
reviewed content. This initiative, which aims to reduce the “e-gap”
between rich and poor countries, could contribute to a “normaliza-
tion” of access to the international circuit in the future. Yet this is
still a limitation that we have to keep in mind when interpreting
our results.

At the same time, both WoS™ and other indexing systems
have considerably enlarged the database’s coverage of Latin Amer-
ican and Caribbean (LA-C) journals in recent years. According to

3 http://www.research4life.org/.
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Collazo-Reyes (2014), the number of LA-C indexed journals in
WoS™ has increased from 69 to 248 titles in just a period of four
years (2006-2009). This unprecedented growth is mainly related
to a change in the editorial policy of WoS™.,

For these reasons, and despite some recognized limitations, the
use of bibliometric data and indicators has also been rising in the
context of the Global South, where this type of analysis can be par-
ticularly relevant to understand successful processes of closing the
S&T gap with the most advanced economies (Albuquerque, 2004).

2.3. Factors associated with higher levels of citation impact at the
country level

In line with this framework, one way to assess scientific impact
is by citation analysis. According to the seminal work of Merton
(1973), when a scientist cites a given article, he or she indicates
that the article was somehow relevant to their research. The citing
author calls attention to some useful information included in an
article, be it a method, a statistic, a result, or other? information, and
then acknowledges intellectual or cognitive influence. Therefore,
when a comparable article is cited more times than others, it is
considered to have more international scientificinfluence orimpact
(Moed, 2005).

Numerous studies assessing research at the individual, institu-
tional, and country level can be found in the literature. Many other
studies create and discuss new methods and metrics for evaluating
citation impact. However, few try to understand what the determi-
nants of citation impact are. Table A1 in the Appendix A summarises
some of the factors that are known to be associated with higher cita-
tion rates at the article, author, institutional, and country level. In
our study, we focus on those factors that are known to be associated
with higher citation impact at country level, namely: level of inter-
national collaboration (Gldnzel et al., 1995; Katz and Hicks, 1997;
Narin et al., 1991; Puuska et al., 2013; van Raan, 1998), Wealth
intensity® (King, 2004) and having English as an official language
(Leimu and Koricheva, 2005). These determinants centre on ad hoc
considerations, and the literature has not, to the best of our knowl-
edge, presented a comprehensive framework that could be used
to interpret a country’s citation impact, particularly in the Global
South. By bringing together the main arguments in this literature,
this study aims to fill such a gap in the literature.

In our analysis we will also include, as explanatory variables
previous citation impact, logarithmic scientific output, the percent-
age of publications in collaboration with industry, and we will also
control for population size. Our argument regarding previous cita-
tion performance is that there might be path dependency, or the
“Matthew Effect” (Merton, 1968) in science. Research communi-
ties, whose work has been highly cited in the past, are more likely
to receive citations in the future. Regarding scientific output, the
rationale is that a higher scientific production, in the specific sub-
ject area, is a sign of higher critical mass and resources applied
to the field that tend to foster quality and impact (Shibayama and
Baba, 2015). This measure can also be used as a proxy for scien-
tific specialization, as we are controlling for the total number of
publications produced by a country. With regards to the percent-
age of publications in collaboration with industry, we intend to

4 Authors also write self-citations, cite peers based on personal networks, use
flattery (citations of editors and potential referees), and write “negative” citations
(contradicting another author). However, it is reasonable to assume that most cita-
tions are “positive”, that is to say, they are a sign of the fact that the citing author
finds something useful in the material that they cite. Deviating citation patterns,
such as negative citations, can affect an analysis of an individual article or author,
however this adverse effect tends to disappear in an analysis of a larger aggregations
of authors, such as departments, universities, or countries (Moed, 2005).

5 Gross Domestic Product per capita.

understand whether citation impact is higher when research per-
formed by a country has a higher level of collaboration with
industry (Perkmann et al., 2011). This indicator can thus be seen
to be a measure of knowledge transfer between industry and
academia, and therefore, if a country has a higher percentage of
publications with at least one author from a corporation, then we
assume that this country is performing more applied research.’
At the same time, nations have obvious differences in size, and to
control for this we add logarithmic population as an independent
variable.

3. Methodology
3.1. Data

Publication data were extracted from the InCites™ (2014)
platform provided by Thomson Reuters, which facilitates national
comparisons across time periods. InCites™ provides output and
citation metrics from WoS™, based on a dataset of more than 27
million papers from 1981 to 2014. The metrics for comparisons
are created based on address criteria, using the whole-counting
method, that is to say, counts are not weighted by number of
authors, neither by addresses.

In this study, our main research question is to understand
whether there are different determinants of citation impact
between the Global South and the Global North across different
subject areas. To solve this, we used two different specifications for
South and North (GDPpc levels and being an OECD country or not),
and we adopted the disciplinary breakdown of the Essential Science
Indicators (ESI) areas.

The ESI scheme incorporates a selection of journals carried out
by Thomson Reuters. Our dataset covers 21 of the 22 ESI cat-
egories with a time span of 5 years (2008-2012). The research
fields retained are as follows: Agricultural Sciences, Biology &
Biochemistry, Chemistry, Clinical Medicine, Computer Science,
Economics & Business, Engineering, Environment/Ecology, Geo-
sciences, Immunology, Materials Science, Mathematics, Microbiol-
ogy, Molecular Biology & Genetics, Multidisciplinary, Neuroscience
& Behaviour, Pharmacology & Toxicology, Physics, Plant & Ani-
mal Science, Psychiatry & Psychology, Social Sciences (general),
and Space Science. The Multidisciplinary area was excluded, as the
publications included in this category could not be unambiguously
classified into any of the 21 disciplinary areas.

The option to choose the ESI scheme took into account the fact
that there are several approaches to define a research field: on the
basis of selected concepts (keywords), selected sets of journals, a
database of field-specific publications, or any combination of these.
The selection of a specific scheme’ for the division of research
fields needs to take into account the trade-off between robustness
of results and specificity of the subject category. Bibliometric data
are characterised by skewed distributions, and hence robust statis-
tics require considerably large sample sizes. This favours the use of

6 An industry collaborative publication is one that lists its organization type as
being “corporate” for one or more of the co-author’s affiliations. However, not all
single affiliations of all publications in InCites™ are unified as “university”, “research
institute”, “corporate”, etc. There are corporate affiliations which have not been
unified yet and which do not have an organization type assigned, and, therefore,
these are not identified as industrial collaborations. Large multinational corpora-
tions (MNE) have a higher probability of being identified and unified. Therefore,
publications listed as industry collaborations represent the lower boundary of real
co-publication activities. We would expect countries with a lower presence of MNEs
to have larger differences between the number of publications authored by the
industry captured by InCites™, and real activity.

7 InCites™ provides six further schemes besides the 21 ESI, based on a conglom-
erated of journals indexed in the WoS™, e.g. the 251 WoS™ subject categories, or
the 6 OECD categories.
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fewer categories, with more observations per category. However,
articles from different subject categories have different citation
propensities. Therefore, the use of very broad categories (e.g. the 6
OECD categories scheme) can lead to differences in citation impact
levels, which only reflect differences in the research portfolios of
countries, as some countries are more specialized in fields within
a given category which have a higher citation propensity.

We believe that the choice of the ESI scheme is the most ade-
quate solution for solving this trade-off in this study. A common,
although arbitrary, threshold is often a minimum of 50 full count
publications for citation analysis. We use this threshold at a coun-
try/category level, and we only consider those countries that have
atleast400 publications between 2008 and 2012. By applying these
thresholds, we dropped the outliers that have extremely low num-
bers of publications, which occur particularly in countries/subject
areas of the Global South. This is markedly the case for observa-
tions before 2003-2007, and therefore we are only able to use two
periods in our analysis (2003-2007 and 2008-2012).

A common debate in bibliometric studies is the use of social
sciences and humanities for analysis (e.g. Hicks et al., 2015; Marx
and Bornmann, 2014). The usefulness of citation impact indicators
depends on the extent to which the research outputs are covered
in bibliometric databases, and this coverage varies by subject cat-
egory. The coverage tends to be higher for natural sciences, which
gives high priority to journal publications. In the case of social
sciences and humanities, where the publication of books, book
chapters, monographs, etc. is more traditional, the extent of cov-
erage is reduced. The 21 ESI categories include three categories
which are related to social sciences, namely: Economics & Business;
Psychiatry & Psychology, and; Social Sciences (general), excluding
Humanities. Although the exclusive use of WoS™ data might not
be appropriate for the analysis of citation impact in the social sci-
ences, we decided that coverage was sufficient enough to include
these three categories in our broad, country-level, analyses.

3.2. Approach and metrics

It is well known that different subject areas have different out-
put propensities, and that publications belonging to each field have
singular characteristics. Therefore, to be able to explain the differ-
ent citation performances among countries and subject areas, we
compute a multivariate regression analysis (OLS) with fixed effects,
at the subject area level ®

At the same time, ordinary regression assumes that all obser-
vations are independent. However, in our case, each country has
21 subject areas.” As these potential 21 observations share spe-
cific country characteristics, our observations are not independent
of each other, which could potentially lead to a correlation of
errors within countries, implying that the findings of statistical sig-
nificance would be spurious. To tackle this, we had to relax the
independence assumption, by clustering the errors at the country
level (McCaffrey et al., 2012; Moulton, 1990).

When interpreting the results presented in this study, it should
be borne in mind that indicators measuring citation impact capture
the influence of journal articles in the scholarly communication sys-
tem. As a consequence of the partial and one-dimensional nature

8 According to McCaffrey et al. (2012), this method is designed for efficient com-
putation in models with many fixed effects at one level, on the assumption that fixed
effects are included as nuisance parameters to control for differences among units
that could bias the estimates of interest (our coefficients).

9 Aswe use the threshold of at least 50 publications per subject areas, not all coun-
tries have 21 observations. This may lead to selection bias, as in those countries that
do not fulfil these threshold, the categories that are being computed are potentially
those that the country performs better in. Thus this hypothesis needs more research
in order to be fully understood.

of these impact indicators, it is recommended to use more than
one single indicator in order to obtain more robust conclusions
(Bornmann and Leydesdorff, 2013; Waltman, 2016). Consequently,
for this study, our dependent variable will be measured by two
different indicators: (1) the share of highly cited publications
(PPtop10%), which shows the proportion of publications belong-
ing to the top ten percent most cited documents in a given subject
category, year and publication type, and; (2) the field normalized
citation score (FNCS), which calculates the mean citation rate of
a country’s set of publications in a specific subject area, period of
time, and document type, divided by the mean citation rate of all
publications in that subject area/period/document type. Both these
variables are normally distributed indexes, with some outliers on
the right tale:

PPtop10% (n)

PPtop10% (%) = 5

P
2isaCi
Z:’D:l [“f ]i

Currently, there are several ways to calculate citation
impact indicators. From basic calculations such as: raw citation
counts; citations per publication; the h-index; geometric means
(Fairclough and Thelwall, 2015); or discretized lognormal and
hooked power law distributions (Thelwall, 2016), to normalized
methods controlled for research field, publication year, and docu-
ment type as: the “crown indicator”; field normalized citation score
(Waltmanetal.,2011); percentile-based approaches (Pudovkin and
Garfield, 2009), and; source normalized indicators (Waltman and
Eck, 2012), amongst others. As publications belonging to different
subject areas have different propensities for being cited (Bornmann
et al.,, 2012; Peters and van Raan, 1994; van Raan, 2003; Waltman
et al., 2011), we decided to use normalized indicators. The use of
percentile ranking and field normalized citation score can avoid
bias toward a large size of country or field. Both these indicators
can be computed by using the consistent InCites™/Thomson Reuters
databases, to which we had access.

In our model (3), I is a measure of citation impact in a certain
period t, subject area s, and country c. LI is a lag dependent variable
from the previous period, O is the number of articles and reviews in
WoS™, IC is the percentage of publications of a country in interna-
tional collaboration, and IND is the percentage of publications of a
country in collaboration with industry. Cis a set of country controls,
including total output, gross domestic product per capita (GDPpc),
population size, and English as an official language. Finally, « is the
constant, and ¢ is the unobserved residual.

Ies = o0+ pllcs + AOcs + NICes + ¢INDcs + ﬂcc + &c (3)

Some of our independent variables have an exponential distri-
bution (GDPpc, population size and number of articles). We decided
to apply logarithms in these cases. As for the multicollinearity prob-
lem, none of our independent variables is highly correlated with
another one (>60%).

Variables such as R&D intensity, or numbers of researchers, were
dismissed as typically these are highly correlated with GDPpc or the
number of articles. Furthermore, for many countries, the availabil-
ity or reliability of this type of data is dubious. In an earlier phase
we also included in our model the variable “percentage of individ-
uals using the internet” as a proxy for level of access to scientific
journals, which is provided by the International Telecommunications
Union. However, this indicator is also highly correlated with GDPpc.
Finally, we also try to include an indicator of civil liberties, which
is provided by the Freedom House, in order to account for country’s
freedom of expression and individual rights. Our argument is that a
freer society is more creative, and therefore it is more prone to gen-
erate radical ideas. Nonetheless, our preliminary results showed

(1)

FNCS = (2)



H. Confraria et al. / Research Policy 46 (2017) 265-279 269
280% -
260% | ® RWA
240% - ¢ BIH y = -0.0003x + 0.7053
o~ 240% y ik
B s R2=0.1011
220% |
2 t
E o 200% ALB
g
.
'«E oy 180% | e
N
* ™
S S 160% | + IRQ + coL Soi M
z Z * YEM A * ROU
g S 140% | T
=8
BT 120% A SKHM
& ecyP
SVNM MNG SMLT
Qo 100% 4 SMOZ : < 4CHN o
g *THA D *ruN ZI0 Ry
e #SDN ¢
o) 80% NPL. o BEN DZApeAZE
3 L mN, - BGD Nea™TT ¢ Gy ¢BRA PR o
T . SVN
60% ‘\7‘G’T’\B“§ e 3.’ i o ZAFe S SHL ROR FwN * oISL
i o . o = - RL .
40% A AR Ere S $GEO g .TL;{GR 898 2k emsp JOR ~
D ¢ QLR F %o % osVK & AUL ¢ ONK oy
20% EN * Wl A e L34 o *
%1 . Y — N * o
- NAM c®B o o N gpis “f’{\u\“\jﬁ% #USA  prv SWE
uzs ZVE BWAY e — B
0% 1 ¢ R a2e ) N SR
10 t 100 > 1000 :
BHR *KWT

20%

Scientific Producivity (Pubs/Pop) 03-07

Fig. 1. Scientific productivity (publications per million inhabitants): growth rate versus previous situation.
Source: Own calculations based on InCites™. Note: In this chart Pubs stands for Publications and Pop for Population (million inhabitants). The vertical axis shows the growth
rate of the Pubs/Pop ratio between 2003-2007 and 2008-2012. The horizontal axis shows the number of publications per million people (Pubs/Pop) in 2003-2007 (yearly

average).

that this variable was insignificant in all model specifications, and
therefore we decided to drop it from our model.

4. Results
4.1. Global trends

The world’s long-term publication output in WoS™ has
increased at an average rate of 3.5% since 1981. This growth rate has
increased in the decade between 2004 and 2013 to an average of 5%.
In 2013, the EU28 was still the world leader for publications (35%),
followed by the US (27%), China (15%), and Japan (6%). Despite these
impressive figures, the world shares of the EU28, US, and Japan all
fell during the preceding decade. This decline was not due to the
reduction of their scientific productivity (number of publications
per population size), but rather was due to the higher growth rates
of other rising players, such as China or Brazil.

In Fig. 1, by comparing the scientific productivity growth rates of
132 countries between 2003-2007 and 2008-2012 with their sci-
entific productivity in 2003-2007, we observe a modest trend of
convergence, denoted by the negative slope of the adjusted line.

The Chinese case is impressive. China’s scientific publications
have more than doubled over the past ten years. In contrast with
the explosive growth of publications, the citation impact of that
output has been perceived to still be at a relatively low level (Jin
and Rousseau, 2004; Zhou and Leydesdorff, 2006). Using the data
for the period between 1997 and 2001, Zhou and Leydesdorff (2006)
argue that Chinese citation rates do not match the exponential
growth of their scientific production. However, based on our more
recent dataset, which refers to the 2008-2012 period, our analy-
sis shows that the average Chinese citation impact is very close to
the world average, and that China already is performing consider-
ably better than the world average in some scientific areas, such
as “Agricultural Sciences”; “Engineering”; “Mathematics”; “Plant &
Animal Science”, and; “Social Sciences”. A similar finding has been
highlighted previously by Wang (2016). This rapid growth reflects
the coming of age of the Chinese research system, be it in terms

of publications, number of researchers, or investment (UNESCO,
2010).

As for Brazil, its share of world scientific output has increased
at a constant rate from 1993 to 2006, followed by a fast rise in
2007 and 2008 to the level shown by Brazil in 2013. Vargas et al.
(2014) argue that, in areas such as Agricultural Sciences, Brazil's
output increase since 2006 was mainly due to the expansion of
Brazilian journals in WoS™, and also to an increase in the number
of issues published by these journals. This phenomenon may have
led to more publications, but fewer citations, as journals edited in
Portuguese have less international visibility.

Iran presents another remarkable story. This country more
than tripled its number of publications between the two periods
analysed. According to Akhondzadeh (2013), “scientific progress
in Iran over the past few years was the result of the country’s
recent policies and programmes to develop knowledge and facili-
tate researchers’ access to the world’s top academic resources”.

In general, the world figures show a global converging trend in
science regarding the quantity of publications from a significant
number of world regions. This result may be inflated by changes in
the size of the database, although we do not know to what extent
this may be the case. WoS™ significantly increased between 2005
and 2010, in order to enlarge its regional coverage (Testa, 2011),
and also in response to competition from ScopusTM, which entered
the market in 2004. Despite these relatively recent expansions of
WoS™ possibly being one reason for the convergence that has been
noted in scientific publication worldwide, a similar convergence
trend has also been observed for R&D investment by the public sec-
tor between the Global North and Global South (UNESCO, 2015). As
Radosevicand Yoruk (2014) argue, these trends are possibly associ-
ated with a change in the scientific absorptive capacity of countries
in the Global South. While ‘absorptive capacity’ has been generally
defined as being “the ability to learn and implement knowledge”
(Cohen and Levinthal, 1990), Radosevic and Yoruk (2014) defined
absorptive capacity in the context of scientific research as being
“the ability to recognize the value of new, external information,
assimilate it, and apply it in another context”. In accordance with
this view, researchers recombine and re-contextualize existing
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Fig. 2. Citation Impact (FNCS) versus GDPpc (2008-2012).
Source: Own calculations based on InCites™ & World Bank. Note: The vertical axis shows normalized citation impact in 2008-2012; the horizontal axis shows the logarithm

of GDPpc (constant 2005 USD) in 2008-2012 (yearly average).

scientific knowledge and are able to generate novelty through their
new publications.

There is still a huge gap to overcome between higher-income
and lower-income nations, however the convergence which has
been noted over the most recent years has certainly occurred due
to the fact that some countries in the Global South are expand-
ing their scientific capabilities, and are increasing their presence
in scientific journals that have high international visibility. Such
changing trends provide some support to our quest to understand
the determinants of citation impact in the Global South, despite the
fact that we analyse this by adopting indicators that are normally
used to assess science in the Global North.

4.2. Wealth intensity versus research citation impact

In this study, we are particularly interested in understanding
whether there are different determinants of citation impact (sci-
entific influence) at different levels of GDPpc. In order to have a
general overview of the relation between wealth intensity and cita-
tion impact, in Figs. 2 and 3 we scatter the relation between average
GDPpc and citation impact, as measured respectively by FNCS and
PPtop10% between 2008 and 2012, for countries that have more
than 400 publications.

In both charts we can observe a U-shaped pattern, with the
adjusted lines having their inflexion points close to the World Bank
borderline which divides “low & lower-middle-income” countries
from “upper-middle & higher-income” countries. For “low & lower-
middle-income” countries, the citation impact performance seems
to follow a downward trend, although with substantial deviations
from the curve. For “upper-middle & higher-income” countries,
there seems to be a positive relation between the two variables.
Such an upward trend has already been revealed by King (2004). In
contrast, the U-shaped pattern of our data seems to suggest that a
nation’s wealth only correlates positively with citation impact after
a certain level of GDPpc.

One should be aware that the countries shown in these two
charts have different size dimensions. If a small country, in terms
of publication output, has a set of publications that is very

influential, then the citations received by the articles produced by
those researchers will improve its citation intensity score signifi-
cantly. Mozambique, for example, is one of these cases. Despite its
total production normalized by population being very low when
compared to the world average (5 vs. 179 yearly publications per
million people), its FNCS is two times higher than the world aver-
age, and its PPtop10% is close to 14%. In Mozambique, from 2008 to
2012, 95% of the country’s publications have a foreign author. The
high levels of citation impact in Mozambique may stem from the
country having only a small group of scientists who produce sci-
entific publications with highly reputed international co-authors
(Confraria and Godinho, 2014).

Another outlier in our charts is Panama, and there is also an
explanation for this case. Its citation impact (in intensity) is 79%
higher than the world average for the FNCS indicator, and 18% of
its publications are in the top ten most highly-cited papers. If we
take a close look at the most highly cited publications from Panama
between 2008 and 2012, we find that most of them come from
researchers affiliated to the Smithsonian Tropical Research Institu-
tion. This organization is a bureau of the Smithsonian Institution
based outside the United States, which is dedicated to understand-
ing biological diversity. According to its website,!? its “facilities
provide a unique opportunity for long-term ecological studies in
the tropics, and are used extensively by some 900 visiting scien-
tists from academic and research institutions in the United States
and around the world every year”. In a country such as Panama,
which had a scientific output close to 1500 publications during
the five years analysed, the presence of this research institute cer-
tainly makes a difference. The Smithsonian Institution functions as a
hub, attracting world leading scientists, and it certainly has a huge
influence on the high citation impact of Panama.

On the right edge of the U curve, we find high-income countries
such as Switzerland, Denmark, Iceland and The Netherlands. These
are all relatively small European nations, which have been leading
performers in this indicator for quite some time. For example, in

10 http://www.stri.si.edu/english/about_stri/index.php.
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Fig. 3. Share of highly cited publications (PPtop10%) versus GDPpc (2008-2012).
Source: Own calculations based on InCites™ & World Bank. Note: The vertical axis shows the share of highly cited publications in 2008-2012; the horizontal axis shows the

logarithm of GDPpc (constant 2005 USD) in 2008-2012 (yearly average).

one of the first studies analysing this issue, May (1997) also found
that these countries were already leading the world in terms of
“citation intensity”.

In summary, our descriptive analysis suggests that higher lev-
els of international collaboration may be extremely relevant for
countries that may simultaneously have low GDPpc and relatively
smaller scientific communities. It is also perceivable that despite
middle-income countries may enjoy more resources and larger sci-
entific communities, they do not engage in overseas collaboration
so much, and this is reflected in the lower levels of impact on aver-
age. As we progress from the left to the right in our chart, the
initial downward trend of the U-shaped pattern indicates that the
improvement in GDPpc, from low-income to middle-income levels,
leads to lower citation impact, on average. Finally, for high-income
countries, both higher levels of GDPpc and country size, which
is again negatively correlated with higher levels of international
collaboration, seem to be critical factors.

4.3. Regression analysis

We used Stata™ (StataCorp, 2013) to compute the multilevel
regression (OLS) with fixed effects at the subject area level, and
errors clustered at the country level. The determinants of citation
impact for publications between 2008 and 2012 were examined
for 21 subject areas for countries with at least both 50 publications
in a subject area and a total of 400 publications. After applying
these restrictions, 126 countries and 1686 observations compose
our global sample (see Table 1 for descriptive statistics).

Previously, in Figs. 2 and 3 we have seen that for different levels
of GDPpc (below and above world average level), there are different
patterns of citation impact. To understand whether these differ-
ences are substantive for the purpose of our analysis, we split our
sample into two groups of countries, following the World Bank’s
definition of “low & lower middle income” countries (Global South),
and “upper middle & higher income” countries (Global North).
Furthermore, we also introduce another North-South distinction,
namely being, or not being an OECD country. In Table A2, in the
Appendix A, we provide descriptive statistics of these four groups.

In both North-South specifications, citation impact, number of pub-
lications, and level of industry collaboration is significantly higher
in the North. Level of international collaboration is substantially
higher in the South.

Regressions were carried out for each of these groups sepa-
rately. Generally, the results for both North and South specifications
are robust. Table 2 reports the effect of the predictor variables
on citation outcomes, using two dependent variables for the cita-
tion rates, which are respectively, PPtop10% and FNCS. The South
samples include 54 “low & lower-middle-income” countries (490
observations), and 89 non-OECD countries (928 observations),
while the North samples include 72 “upper middle & higher
income” countries (1196 observations), and 37 OECD countries
(758 observations).!! Our model not only identifies those variables
that are significant in predicting higher levels of citations, but it also
identifies the relative contribution of each independent variable to
the citation rates of countries.

These results show that, in both groups of countries, previous
citation impact, level of international collaboration, and number of
publications in the specific area are strongly associated with higher
citation rates.

The first of these results indicates that, despite the fast growth of
some countries in recent years, globally a strong path-dependency
in citation impact still holds. There are specific reasons for this
occurrence. It is well known in the literature that better-known
scientists tend to receive more credit than less well-known ones,
even if their research is similar (Merton, 1968). Frequently cited
researchers generally have higher status than those researchers
who are cited less frequently. Because status influences percep-
tions of quality, those with a high reputation are more likely to be
cited in the future, which thus further reinforces their status. If we
admit similar self-reinforcing mechanisms exist at a more aggre-
gate level, then we can argue that nations performing better are
also more likely to attract more tangible resources, such as research
funding and outstanding graduate students, which can result in

11 We count England, Scotland, Wales and Northern Ireland as separate nations.
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Table 1
Descriptive Statistics.
Variable N Mean SD Min Max Correlation
1 2 3 4 5 6 7 8 9 10
1) PPtop10%.0812 1686 9.39 5.28 0.00 55.51 1.00
2) PPtop10%_0307 1686 8.45 473 0.00 32.81 0.78 1.00
3) FNCS.0812 1686 1.02 0.44 0.09 5.75 0.90 0.69 1.00
4) FNCS_0307 1686 0.92 0.34 0.03 3.09 0.78 0.93 0.71 1.00
5) Pubs Area (log) 1686 3.03 0.72 1.72 5.57 0.24 0.29 0.19 0.29 1.00
6) Internat. Collab 1686 56.07 19.55 9.66 100 0.34 0.23 0.36 0.25 —-0.51 1.00
7) Industry. Collab 1686 1.75 2.50 0.00 23.38 0.35 0.28 0.32 0.29 0.13 0.09 1.00
8) Total Pubs (log) 1686 440 0.77 2.63 6.24 0.20 0.26 0.13 0.26 0.87 —-0.52 0.17 1.00
9) English Official 1686 0.25 0.43 0.00 1.00 0.20 0.17 0.18 0.19 0.09 0.03 —-0.02 0.08 1.00
10) GDPpc (log) 1686 3.95 0.62 2.38 491 0.38 0.36 0.30 0.38 0.47 -0.21 0.31 0.55 -0.02 1.00
11) Popul. (log) 1686 7.27 0.67 550 9.3 -0.20 -0.12 -0.20 -0.14 042 -0.27 -0.12 046 0.07 -0.39
Note 1: Correlation with bold numbers significant at p<0.05;
Note 2: The numbers 0307 and 0812 in the variables stand for the time periods 2003-2007 and 2008-2012.
Table 2
Determinants of citation impact in the Global South and the Global North.
Dependent variables
PPtop10%-0812 FNCS_0812
Independ. Variables South (GDPpc) North (GDPpc) non-OECD OECD South (GDPpc) North (GDPpc) non-OECD OECD
PPtop10%-0307 0.581*** 0.583*** 0.557*** 0.692***
(0.061) (0.046) (0.048) (0.053)
FNCS.0307 0.643™** 0.561"** 0.576*** 0.687***
(0.107) (0.067) (0.076) (0.086)
Pubs Area (log) 2281 1.189*** 2.049*** 0.944** 0.156™* 0.015 0.128*** -0.013
(0.572) (0.335) (0.404) (0.402) (0.062) (0.035) (0.040) (0.043)
Int. Collab 0.082*** 0.090*** 0.091*** 0.087*** 0.007*** 0.007*** 0.008*** 0.007***
(0.013) (0.011) (0.010) (0.010) (0.002) (0.001) (0.001) (0.001)
Ind. Collab 0.317*** 0.186** 0.268*** 0.188* 0.053** 0.012** 0.0371*** 0.010
(0.106) (0.090) (0.095) (0.107) (0.023) (0.006) (0.011) (0.006)
Total Pubs (log) 0.144 1.211%* 0.557* 0.253 0.047 0.209*** 0.104*** 0.131
(0.414) (0.423) (0.315) (0.758) (0.054) (0.049) (0.036) (0.08)
English Official 1.267*** 0.651** 0.929"** 1.001*** 0.059 0.043** 0.050* 0.066***
(0.445) (0.271) (0.324) (0.338) (0.051) (0.020) (0.029) (0.021)
GDPpc (log) -0.171 0.634 -0.067 0.146 -0.097 —0.002 -0.075** -0.034
(0.592) (0.435) (0.352) (0.650) (0.063) (0.036) (0.033) (0.053)
Popul. (log) —1.053** —1.723*** —1.292*** -0.820 —0.099** -0.176*** -0.122*** —0.099**
(0.410) (0.345) (0.336) (0.537) (0.041) (0.030) (0.031) (0.048)
Constant -0.277 -0.165 0.342 0.302
(2.652) (2.853) (0.220) (0.239)
Observs. 1686 1686 1686 1686
R-squared 0.730 0.729 0.649 0.644

Note 1: Robust standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.1.

Note 2: Linear regression, absorbing indicators. Std. error adjusted for 126 clusters (countries).

research of better quality and also perpetuation of higher levels of
citation impact. Our models do not suggest big differences between
South and North in this regard, however they do show that previ-
ous performance is strongly associated with future citation impact;
for example, for the PPtop10% indicator, those countries that have
1% more papers in the top 10% more-cited publications than others,
have around 0.6% more papers in that same “excellent” tier during
the next period.

As for the scientific output variable, those countries that pro-
duce more publications in specific subject areas also have higher
citation rates per paper. This is intuitive, as, in theory, these are
the subject areas in which countries have a higher scientific capac-
ity. At the same time, given the effect of scale, researchers in the
same subject areas probably cite their own compatriots more fre-
quently, which thus increases the number of citations received by
their country. This covariate represents not only the scientific out-
put, but also the intensity of involvement in scientific activities of a
country in a specific area (as gross expenditure on R&D, and number
of researchers are usually highly-correlated with number of pub-
lications). As this effect is significantly higher in the Global South,
one implication of this result is that the importance of generating a

higher critical mass in a specific field, in order to produce research
with more influence in the world, seems to be larger in the South.
For instance, those countries in the South that have 50% more pub-
lications in a subject area than others, have, on average, 1% more
papers in the top 10% most-cited publications in the world. In the
North this relation is significantly smaller.

With regards to international collaboration, it is well known in
the literature that citation impact s typically greater whenresearch
groups collaborate amongst each other, and the benefit strengthens
when co-authorship is international (van Raan, 1998). The rationale
behind this is that scientists are likely to develop new and alterna-
tive ways of thinking when they interact with other scientists with
diverse areas of expertise and backgrounds (Hollingsworth, 2006).
Co-publication allows access to a larger social network, which con-
sequently leads to increased visibility, which in turn is reflected in
higher citation rates (Goldfinch et al., 2003). This cross-fertilization
is amplified by international collaboration, as scientists who pro-
duce co-authored papers with foreign scientists are more likely to
belong to elite research groups within their own countries (Adams,
2013). As countries in the Global South depend a lot on interna-
tional scientific networks to produce research that has visibility and
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impact (see Fig. A1 in Appendix A), we would expect that this posi-
tive relation to be higher in the countries from the Global South. Yet
our results seem to show that the importance of international col-
laboration is not significantly different in both groups of countries.
Specifically, those countries that have 10% more internationally co-
authored publications in a subject area have, on average, 0.85%
more publications in the top 10% in that subject area.

An interesting finding is that industry collaboration seems to
matter for citation impact, especially in the Global South. This
is because most co-publications with industry are co-authored
by staff from the large R&D-intensive technology companies in
science-based industrial sectors, such as biotechnology, pharma-
ceuticals, electronics, chemicals, and computers (Godin, 1996). This
indicator can be seen as being a “knowledge linkage indicator”
(Tijssen, 2012) between multinational R&D-intensive technology
companies and public research organizations. This type of collab-
oration with industry is very likely to be driven by the need for
access to international R&D networks, advanced research facilities,
and contributions by scientists and research teams of interna-
tional repute. Whereas from the industry side, researchers may be
tempted to publish because they aspire to be active members of
a research community and they want to be regarded as such by
their peers, together with the other objectives of making corpo-
rate research findings public (Godin, 1996; Tijssen et al., 2009). The
industry side may feel a particular appeal to collaborate with sci-
entists from the South as a way of reaching specific resources, or of
testing new medicines.

We found that this type of collaboration may be relevant for
countries in the Global South, not only for updating their tech-
nological capabilities, but also for increasing their visibility and
impact in the scientific community of their field. However, it is
relevant to acknowledge that co-authorships with the industry
are far from common in science, which thus represents a case of
corner outcomes with an edge at zero, and a continuous distri-
bution for strictly positive values (our sample as mean value of
1.73%). Our results show that, in line with Tijssen (2012), the inten-
sity of science-industry co-authorship is lower in African and Latin
American countries, than in countries in the North. Therefore, we
should be cautious when interpreting this result, as the incidence
of few publications in collaboration with industry can substantially
change this indicator (high sensibility). Further to this, if we add a
variable to our model that interacts industry collaboration inten-
sity with international collaboration intensity, then the covariate
industry collaboration changes signal and the significance disap-
pear. At the same time, the international collaboration parameter
remains positive and significant. Therefore, it is not clear whether
the positive and significant effect of industry collaboration inten-
sity in citation impact in our general model is due to the industry
“effect”, or whether it just occurs because most industry collabora-
tions are also international collaborations.

For those countries that have English as an official language, our
results show that the relation is positive and significant in almost
every model specification. As the majority of scientific journals
are written in English, and as articles published in a non-English
language have less potential readers, this positive relation was an
expected result. In the Global South, an Anglophone colonial his-
tory and concomitant opportunities for partnerships with English
speaking countries (e.g., by hosting international research insti-
tutes) may have a significant effect on their citation impact.

These results also indicate that, contrary to what has been
revealed by King (2004), the relation between GDPpc and citation
impact is not strictly positive. One would expect wealthier coun-
tries to have more resources to apply to science, and that therefore
they would perform better in terms of citation impact. However,
for countries in the Global South, the coefficients are negative,
and in the North they are positive and negative (non-significant),

depending on the model specification. We also tried to understand
whether the U relationship show in Figs. 2 and 3 holds in our model
with all countries. However, when we include the variable GDPpc
squared in the regression (see Table A3 in the Appendix A), the
coefficient is positive, but non-significant. These results indicate
that there are other elements beyond wealth intensity that matter
for research quality in the South, namely: previous performance, a
higher level of international collaboration, and more publications
in the specific subject area.

Finally, for country size, in terms of total scientific output, there
is no clear pattern, as our results differ depending on the model
specification. However, countries with higher population seem to
have, on average, less citation impact than smaller countries. A
possible interpretation for this is that smaller countries are more
involved in international collaborations to produce their scientific
articles. This may be so, as when we interact country size with
level of international collaboration, the negative effect of popula-
tion size is no longer significant, and the interaction variable seems
to capture this effect. For example, Frame and Carpenter (1979) also
argued that the scientific size of a nation determines the need for
international collaboration. Small countries have fewer opportuni-
ties to find collaborators inside their own country when compared
to larger ones, and thus have a greater need for research partners
from other countries (Narin et al., 1991). Our results do not show
significant difference between the South and North.

To complement this analysis, in the Appendix A we carry out
three different robustness checks. In Table A4, in order to explore
the performance of countries with different levels of international
collaboration, we create two sub-groups (i.e. low international col-
laboration intensity and high international collaboration intensity)
in both Global South and Global North. In Table A5, we carry out the
same analysis as in Table 2, but instead of separating the world into
South and North, we use four broad world regions to see whether
there are significant differences between them. In Table A6, we
computed our model for all countries in our sample, using subject
area groups, in order to check whether the results are consistent
in most areas of knowledge. In general, these results are consis-
tent with the previous models. In Table A4, we show that previous
citation impact contributes more in the lower international col-
laboration group, whereas number of publications and level of
collaboration with industry, all have a higher effect in the higher
international collaboration group. In Table A5, the main findings
are that previous citation impact is more relevant in Africa, and
that Latin America & the Caribbean is the region where interna-
tional collaboration has a higher effect on citation impact. Finally
in Table A6, we found that both level of international collaboration
and previous citation impact are positively and significantly asso-
ciated with higher levels of citation impact in almost all areas. The
same also occurs in eight areas for scientific output in the specific
area, and in eleven areas for English as an official language.

5. Discussion & conclusion

In this article, bibliometric and econometric analysis were used
to identify which countries are producing research with higher sci-
entific influence, and also to understand which factors lead to these
higher results. We focused particularly on the Global South, as the
scientific output of some of these countries has been converging
recently with that of the Global North.

We found some evidence suggesting that the determinants
of citation impact may not coincide across countries in differ-
ent wealth intensity levels. While previous citation impact, level
of international collaboration, and publication output in a spe-
cific scientific field are all important determinants of citation
impact among all nations, we observed that the variable number of
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publications in a specific disciplinary area appears to be substan-
tially more important in the South than in the North. This covariate
represents not only the scientific output, but also the intensity of
involvement in the scientific activities of a country in a specific
area. The agglomeration effects that may arise in some disciplines
in scientific communities that are generally much smaller than
their counterparts in the North seem therefore to be relevant. This
implies that the importance of concentrating resources and of gen-
erating higher critical masses in specific fields, in order to produce
research with more influence in the world, is seemingly greater in
the South.

As for our lag dependent variable, we confirmed that it has an
important effect on citation impact in both groups of countries.
Societies vary in their capacity to produce major scientific dis-
coveries over time. This happens because they are influenced in
various ways by previous historical processes and institutional set-
tings. This type of path dependency in scientific knowledge arises
as a consequence of researchers in different types of organizations
in the same country engaging in a great deal of common learn-
ing and socialization, which is transmitted across time and across
organizations.

Eventually, these path-dependencies can be transformed into
virtuous or vicious circles of development. Due to the fact that
countries in the Global South have, on average, few “excellent”
researchers with the know-how and tacit knowledge needed to
engage in virtuous circles, one potential implication is that a
“brain-drain” may have a severe negative effect on their scientific
performance. If their few best “minds” leave to carry out research
abroad and do not come back, or do not interact with their national
colleagues, then the tacit knowledge will decline and the potential
spillovers that they generate will stop being used for their coun-
tries’ benefit.

With regards to the level of international collaboration, as
has been widely shown by past research, a positive and signifi-
cant relationship exists with citation impact. With the advances
in information and communication technology and institutional
changes, scientists can more easily obtain relevant knowledge by
collaborating with other peers with diverse areas of expertise and
backgrounds. Accessing external complementary knowledge and
skills through networking, namely with scientists working in more
developed environments, seems to be extremely relevant for per-
forming research with high impact. However, interestingly, our
results suggest that, contrary to what could be expected, this covari-
ate does not seem more relevant in the South than in the North.
This therefore indicates that the interest in pursuing international
collaborations seems to be equally relevant in both environments.

Our analysis also suggests that industry collaboration seems
to be positively associated with citation impact, especially in the
Global South. However, it is not clear whether the positive and sig-
nificant effect of industry collaboration intensity on citation impact
in our general model is due to the “industry effect”, or just occurs
because the relatively few industry collaborations performed by
the South also happen to be international collaborations.

In our regressions we also used country controls. We found that
smaller countries (population wise) and countries with English as
an official language perform on average better than others in some
model specifications. A possible interpretation of this finding is
that smaller countries rely more on international collaborations to
produce their scientific articles. This was confirmed by assessing
the interaction of country size with level of international collab-
oration. When such a possibility was tested, the negative effect
of population size was no longer significant, with the interaction
variable seemingly capturing this effect. For those countries that
have English as an official language, as the majority of scientific
journals are written in English, and as articles published in other
languages have less potential readers, this positive relation was

an expected result. Besides this, those countries that have English
as an official language usually have a colonial legacy with Anglo-
Saxon countries (US, UK, Canada, Australia), and consequently have
more collaboration with them (Mégnigbéto, 2013; Pouris, 2010).
As these are the leading countries in many scientific fields, this
positive relation is therefore reinforced. Finally, there is no clear
relation between wealth intensity as measured by GDPpc and cita-
tion impact. It would be expected that wealthier countries would
have more resources to apply to science, and therefore would per-
form better in terms of citation impact. However, we found that
other elements beyond wealth intensity are much more relevant
for the research quality of nations.

It is worth noting in relation to the groups of countries that we
have assumed in this paper, that there could be other alternatives
for their classification. The division suggested by us allocates coun-
tries to one of two groups, respectively Global South and Global
North, or alternatively OECD and Non-OECD Countries. In doing
this, we mainly took into consideration differences in economic
wealth. However, as it has been shown by research on the same
topic, countries across the globe may cluster into different groups
depending also on geographical, political, ideological, cultural, or
demographic lines. For example, Moya-Anegén and Herrero-Solana
(2013) established a typology of three main groups of countries
worldwide, according to the thematic characterization of scientific
outputinjournals of international visibility. Their results show that
each of these groups accounted for specific behavioural models,
reflecting the distinctive characteristics of knowledge production
in each country.

Furthermore, scientific performance worldwide may be influ-
enced by the reputation of the affiliation, this being determined by
the institution that the authors belong to (Peters and Ceci, 1982),
or the country of the address of the submitted publications. Smith
etal.(2014)investigated specifically whether the country where an
author is based influences the notoriety of manuscripts. Their study
found that, generally, international co-authorship enhanced scien-
tific performance, but more specifically, they found that specific
combinations of countries for the authorship of papers influence
differently the performance of published papers, with the effect of
these specific combinations also varying across disciplinary areas.
This result suggests that the complexity of the factors determining
scientific performance across countries may go well beyond the
relationships stipulated by our econometric model.

Another open question has to do with the adequacy of bib-
liometric indicators in different socio-economic contexts. In this
article we were aware that potential biases could arise from apply-
ing bibliometric indicators to countries belonging to the Global
South. It is widely accepted that these types of indicators capture
poorly certain types of research and that they encourage certain sci-
entific activities and behaviours, including a shift towards English
publications (Hicks et al., 2015), diversion of research away from
local or national issues (Hicks et al., 2015), scientific supply poorly
aligned with societal needs (Sarewitz and Pielke, 2007) and bias
toward positive reporting (Fanelli, 2011), etc. As the Global South
has a “lower” status in the scientific enterprise, these effects may be
aggravated within this group. Another important issue when mea-
suring citation impact is to be aware that it is a relative indicator.
For example, if a country has the same citation impact (measured
in intensity) as the US, but it has 1000 times less publications than
the US, then evidently the actual absolute impact (scientific, societal
and economical) of its research in the world is completely different.
Therefore, even when using thresholds, as we did, indicators mea-
suring citation impact should always be interpreted within their
context, as we have done in the examples of Mozambique and
Panama.

Another possible limitation stems from this study being mainly
carried out in a macro perspective, based on bibliometric indicators.
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This has certainly impaired our understanding of the specificities
of the national scientific systems. The level of knowledge about
science in lower income contexts would certainly improve by com-
plementing this analysis with a more qualitative approach, such as
researching why specific institutions in the Global South have such
high performance levels, and by understanding their interactions.
Furthermore, as the relational dimension (who do you collaborate
with? What is the strength of the relationships?) seems to mat-
ter for citation impact (Gonzalez-Brambila et al., 2013), improving
this model by using measures of network centrality, instead of
level of international collaboration could give us a better under-
standing of the role of scientific network co-authorships for citation
impact. Lastly, as each subject area has singular characteristics, we
believe that our model can be expanded and adapted to each area,
by including other independent variables that are specific to each
field.

With regards to the normative implications, our findings allow
us to draw some potentially relevant indications. Lower and
middle-income countries with globally small scientific communi-
ties would better concentrate their resources in generating higher
critical masses in specific fields, in order to produce research with a
higher impact. Furthermore, the interest in pursuing international
collaborations seems more than justified. International scientific
collaborations have been pursued more intensely by smaller coun-
tries, which is comprehensible, given the fact that larger countries
may have larger numbers of researchers in every single major dis-
cipline, and thus the need to collaborate abroad does not arise as
much as in the former case. However, even for the larger coun-
tries, there may be good reasons for scientists to seek collaboration
abroad, at least in some fields, thus balancing this orientation with-
out jeopardizing the cohesion of their research systems.

These recommendations assume that increasing the impact of
scientific publication in the South is an important objective, and

that such impact is directly related to the quality of the research
produced. However, it may be relevant to bear in mind the distinc-
tion between academic and practical impact. Although one may
assume that in the long-term, both these impacts may coincide,
wise policy-makers in the Global South may recognize these may
well not coincide for shorter time-spans and in specific geographic
or institutional conditions.

Finally, the science policy-making process needs to keep in mind
the strong path-dependencies that dominate scientific activities
globally. Despite the success stories of a few lower and middle-
income countries that have forged ahead in scientific matters
during the most recent decades, most countries in the Global South
remain held back by the chains of path-dependency. Overcoming
such path-dependencies implies persistence, continuous invest-
ment, and far-reaching institutional change, as these successful
cases have confirmed.
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Appendix A.

Table A1
Significant determinants of citation impact, based on previous studies (not
exhaustive).

Level and Factors What associates with higher citation

Prior literature

Article
Number of authors Four or more authors
Length of the abstract Longer abstract

Journal impact factor (JIF)
Number of references
Impact of references
Length of the paper

Type of document
Language

Author
Country of origin
Previous performance

Institution
Size
Number of institutions

Specialization intensity

Country
Economic development

Number of countries of affiliation

Country of affiliation

Articles in journals with higher JIF
More references

Higher no. of citations

Longer paper

Reviews

English journal and paper

Native English-speaking authors
More citations in the past

Universities with a large publication
output

More institutions

Weak negative effect

Higher GDP per capita
More countries

English speaking country

Leimu and Koricheva (2005)

Leimu and Koricheva (2005)

Peters and van Raan (1994); Didegah and Thelwall (2013)
Peters and van Raan (1994)

Bornmann et al. (2012); Didegah and Thelwall (2013)
Peters and van Raan (1994)

Peters and van Raan (1994)

Peters and van Raan (1994)

Leimu and Koricheva (2005)
Merton (1968)

Moed et al. (2011)

Narin et al. (1991)
Moed et al. (2011)

King (2004)

Gldnzel et al. (1995); Katz and Hicks (1997); Narin et al., 1991; Puuska et al.
(2013); van Raan (1998)

Leimu and Koricheva (2005)

Source: Own elaboration.
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Table A2
Descriptive statistics in the Global South and the Global North.
Variables South (GDPpc) North (GDPpc) non-OECD OECD
Countries 54 72 89 37
Obs. 490 1196 928 758
PPtop10%.0812 Mean 7.64 10.11 7.54 11.66
Std. Dev. 522 513 5.02 4.67
PPtop10%-0307 Mean 7.02 9.03 6.78 10.49
Std. Dev. 4.88 4.54 4.62 4.01
FNCS_0812 Mean 0.91 1.06 0.89 1.18
Std. Dev. 0.52 0.39 0.46 0.35
FNCS_0307 Mean 0.81 0.76 0.79 1.07
Std. Dev. 033 0.96 0.32 0.3
Pubs Area Mean 2481 5580 2139 7790
Std. Dev. 10419 16226 8036 19835
Int. Collab (%) Mean 63.33 53.09 59.01 52.46
Std. Dev. 22.95 17.11 21.7 15.82
Ind. Collab (%) Mean 0.96 2.07 1.14 2.51
Std. Dev. 1.52 2.74 1.81 297
Total Pubs Mean 40023 116912 43185 163870
Std. Dev. 143143 241811 109194 291501
English Official Mean 0.27 0.24 0.25 0.25
Std. Dev. 0.45 043 0.43 043
GDPpc Mean 1814 24950 6949 32033
Std. Dev. 1166 17143 8945 16305
Population Mean 1.63E+07 3.26E+07 1.00E+08 3.44E+07
Std. Dev. 3.48E+08 5.38E+07 2.64E+08 5.65E+07

Source: Own elaboration.

Density

T T T T T
0 20 40 60 80 100
intcollab

| M Giobal South [ Global North |

Fig. A1. Distribution of international collaboration levels. South vs North (2008-2012).
Source: Own calculations based on InCites™. Note: Vertical axis shows the density of observations in a specific level of international collaboration in 2008-2012; Horizontal
axis shows level of international collaboration.

Table A3
Determinants of citation impact in all countries.

Variables PPtop10%-0812 FNCS_.0812

PPtop10%-0307 0.590***
(0.040)

FNCS_0307 0.606***

(0.060)

Pubs area (log) 1.507*** 0.066*
(0.324) (0.033)

Int. Collab 0.085*** 0.007***
(0.008) (0.001)

Ind. Collab 0.214** 0.017***
(0.084) (0.006)

GDPpc (log) ~2.867 ~0.350*
(2.140) (0.205)

GDPpc2 (log) 0.378 0.038
(0.291) (0.027)

English Official 0.910*** 0.053**
(0.254) (0.021)

Total Pubs (log) 0.803** 0.134***
(0.335) (0.037)

Popul. (log) —1.451"** —0.137***

(0.330) (0.029)



H. Confraria et al. / Research Policy 46 (2017) 265-279 277

Table A3 (Continued)

Variables PPtop10%_0812 FNCS_0812
Constant 6.764 0.992**
(4.486) (0.436)
Observations 1686 1686
R-squared 0.726 0.638

Note 1: Robust standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.1.
Note 2: Linear regression, absorbing indicators. Std. error adjusted for 126 clusters (countries).

Table A4
Determinants of citation impact in the Global South and the Global North by international collaboration groups.

PPtop10%-0812

South (GDPpc) North (GDPpc)
Variables Int. Collab >=average (56%) Int. Collab< average (56%) Int. Collab >=average (56%) Int. Collab< average (56%)
PPtop10%-0307
0.482*** 0.526™** 0.663*** 0.688***
(0.074) (0.066) (0.094) (0.049)
Pubs Area (log) 2.461** 1.188* 0.322 0.495
(0.924) (0.622) (0.432) (0.391)
Int. Collab 0.125%** 0.153*** 0.056*** 0.047***
(0.023) (0.024) (0.017) (0.012)
Ind. Collab 0.325™* 0.249** 0.098 0.052
(0.129) (0.103) (0.204) (0.081)
Total Pubs (log) 0.031 2.339%%* 1.042* 0.641
(0.667) (0.730) (0.568) (0.528)
English Official 1.510** 0.758* -0.327 0.674**
-0.58 -0.387 —0.46 -0.307
GDPpc (log) 0.208 -0.307 -0.278 2.064***
(0.744) (0.696) (0.854) (0.658)
Popul. (log) —1.504** —2.292%%* 0.096 —0.956**
(0.632) (0.567) (0.428) (0.426)
Constant —1.069 —5.708
(3.627) (3.564)
Observations 815 871
R-squared 0.682 0.805

Note 1: Robust standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.1
Note 2: Linear regression, absorbing indicators. Std. error adjusted for 126 clusters (countries).

Table A5
Determinants of citation impact in four World regions (Africa; Asia; LA&C — Latin America & Caribbean; ERNA&P — Europe & North America & Pacific)

Dependent variables

PPtop10%-0812 FNCS.0812
Variables Africa LA&C Asia E&QNA&P Africa LA&C Asia E&QNA&P
PPtop10%-0307 0.690*** 0.477*** 0.532%** 0.598***
(0.062) (0.104) (0.077) (0.052)
FNCS.0307 0.811*%* 0.354** 0.558*** 0.602***
(0.171) (0.144) (0.068) (0.084)
Pubs Area (log) 1.139** 2.349*** 1.888*** 1.494*** 0.098* 0.197*** 0.074* 0.052
(0.523) (0.490) (0.524) (0.425) (0.056) (0.064) (0.044) (0.048)
Int. Collab 0.069*** 0.122*** 0.069*** 0.106*** 0.004** 0.013*** 0.006*** 0.009***
(0.012) (0.025) (0.014) (0.012) (0.002) (0.003) (0.001) (0.001)
Ind. Collab 0.353%** —0.097 0.109 0.252** 0.057 0.005 0.009 0.016**
(0.111) (0.081) (0.078) (0.100) (0.036) (0.006) (0.006) (0.007)
Total Pubs (log) —-0.610 —0.040 0.341 0.110 —0.062 0.034 0.122*** 0.102
(0.551) (0.669) (0.461) (0.697) (0.106) (0.055) (0.043) (0.077)
English Official 0.478 0.340 1.193** 1.120"** 0.033 0.085 0.049 0.080***
(0.401) (0.871) (0.509) (0.374) (0.066) (0.082) (0.035) (0.026)
GDPpc (log) -0.351 —0.892 0.571 0.374 —0.092** —0.263** —0.023 —-0.037
(0.650) (0.785) (0.406) (0.577) (0.043) (0.132) (0.035) (0.054)
Popul. (log) 0.028 —-0.566 —0.996** -0.925* —-0.007 -0.013 —0.104*** -0.107**
(0.401) (0.423) (0.411) (0.511) (0.068) (0.071) (0.034) (0.051)
Constant -1.814 0.233
(3.051) (0.274)
Observations 1686 1686
R-squared 0.740 0.661

Note 1: Robust standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.1
Note 2: Linear regression, absorbing indicators. Std. Err. adjusted for 126 clusters (countries).
Note 3: Africa=221 observations (28 countries); LA&C =195 observations (16 countries); Asia=329 observations (34 countries); ERNA&P =832 observations (48 countries).
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Table A6
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Determinants of citation impact in the World (2008-2012) by subject area using the percentile ranking (PPtop10%)

Independ. variables PPtop10%.0307 Pubs area (log) Int.Collab Ind. Collab  English Official GDPpc (log) Total Pubs (log) Popul. (log)
Subject Areas Obs.
Agricultural Sciences 91 0.548*** 2.451% 0.112%** —0.098 1.273** 0.188 1.997* —2.247%*
(0.093) (1.029) (0.018) (0.178) (0.613) (1.138) (1.086) (0.831)
Biology & Biochemistry 79 0.755*** 0.998 0.052*** 0.043 0.218 1.503 —-0.546 -0.365
(0.109) (2.040) (0.016) (0.200) (0.489) (1.038) (2.255) (0.747)
Chemistry 95 0.597*** 0.888 0.014 0.258* 1.856*** 2.114** -0.515 0.133
(0.116) (1.252) (0.016) (0.150) (0.658) (0.635) (1.418) (0.557)
Clinical Medicine 115 0.512*** 1.758 0.153*** 0.598*** 1.240** —-0.931 1.871* -2.166"**
(0.069) (1.116) (0.023) (0.184) (0.544) (0.788) (1.071) (0.686)
Computer Science 70 0.328*** 3.083** 0.135%** -0.156 0.458 -1.678 1.728 -2.227
(0.103) (1.374) (0.036) (0.111) (0.611) (1.812) (1.633) (1.409)
Economics & Business 53 0.405*** 6.723%%* 0.054** 0.650 -0.276 -0.267 -3.571** —0.842
(0.121) (2.446) (0.025) (0.438) (0.745) (2.499) (1.409) (1.348)
Engineering 87 0.680™** 1.968 0.039 —0.045 1.617** 3.255%** —3.574*** 2.044*
(0.171) (1.593) (0.028) (0.112) (0.684) (1.130) (1.172) (1.027)
Environment/Ecology 92 0.548*** 0.138 0.127*** 0.445 2.095*** 0.299 2.500 -1.529*
(0.105) (2.307) (0.023) (0.436) (0.723) (1.048) (1.873) (0.921)
Geosciences 87 0.429*** 2476** 0.165*** —0.155 1.222** 1.908 1.165 —0.866
(0.081) (1.242) (0.024) (0.112) (0.577) (1.293) (1.273) (0.948)
Immunology 85 0.021 2.715™* 0.145*** 0.052 1.994*** 2.000** 0.474 -1.381
(0.107) (1.131) (0.026) (0.084) (0.495) (0.907) (1.620) (0.836)
Materials Science 76 0.769*** 5.158*** 0.072*** 0.041 2.520%* 0.341 -2.997 -1.104
(0.087) (1.772) (0.027) (0.094) (0.758) (1.317) (1.959) (0.897)
Mathematics 76 0.747*** 0.349 0.027 —0.460 0.093 -1.892 1.664 -1.169
(0.153) (2.146) (0.045) (0.619) (0.756) (1.895) (2.627) (1.576)
Microbiology 71 0.545*** 2.116 0.109*** 0.276 2.578*** —1.552 3.024 —4.137**
(0.121) (1.699) (0.027) (0.241) (0.778) (1.649) (2.094) (1.322)
Molecular Biology & Genetics 66 0.521*** —2.434 0.081** 1.333*** 0.844 0.461 4.430 —1.489
(0.171) (3.959) (0.033) (0.305) (0.608) (1.400) (4.721) (1.144)
Neuroscience & Behavior 66 0.625%** —0.796 0.098*** 0.136 0.381 1.924 1.262 0.635
(0.096) (1.591) (0.037) (0.198) (0.742) (1.771) (1.631) (1.243)
Pharmacology & Toxicology 77 0.358%** —0.906 0.012 0.331%%* 1.826** 1.198 2.233% —2.364***
(0.093) (1.095) (0.020) (0.074) (0.711) (1.093) (1.075) (0.835)
Physics 92 0.676** 3.228 0.156*** —0.030 0.242 —-2.246 -0.145 -1.474
(0.227) (2.836) (0.046) (0.289) (1.140) (2.193) (3.486) (2.119)
Plant & Animal Science 103 0.599*** —0.009 0.078*** 0.776™* 0.759* 0.941 1.903* -0.391
(0.100) (1.042) (0.026) (0.363) (0.452) (0.906) (1.061) (0.824)
Psychiatry/Psychology 53 0.554*** 2.959* 0.064** 1.119*** 1.120 —2.062 -1.071 -1.328
(0.163) (1.619) (0.029) (0.331) (0.737) (1.769) (1.680) (1.313)
Social Sciences, general 98 0.406*** 2.558 0.157*** 0.664 0.498 -0.765 0.976 -1.289
(0.149) (1.580) (0.041) (1.372) (0.563) (1.319) (1.511) (1.310)
Space Science 54 0.574*** 3.767** 0.117** 0.568*** 1.364 —7.324*** 7.294%* —8.620"**
(0.114) (1.505) (0.053) (0.212) (0.994) (2.423) (2.261) (1.907)
Constant —0.830
(2.798)
Observations 1686
R-squared 0.800

Note 1: Robust standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.1.
Note 2: Linear regression. Std. error adjusted for 126 clusters (countries).
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