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Abstract

A standard approach to compare research collaborations between pairs of countries is to
look at the citations accrued by all publications with authors from both countries. This
approach is often misleading, as aspects only marginally related to the collaboration
between the country pairs may bias the result considerably. Among them, the main aspect
is the number of co-authors. Publications with many co-authors have on average higher
citation impact. If the mix of co-publications between two countries has a high share of
such publications, the citation impact will likely be high. Moreover, publications with
many co-authors tend to include many countries and are thus only to a limited extent char-
acterising the actual collaboration between the selected pair of countries. The purpose of
this study is to develop methods for comparisons of country pairs useful for policy mak-
ers, who use SciVal or similar tools. Five methods to compare international collaboration
are developed and tested. It is noted that the standard approach for comparisons deviates
the most. Fractional methods to calculate the citation impact are recommended, as they
allow for the use of citations to all co-publications with a higher weight on the citations to
publications in which the country pair dominates. As fractionalisation is laborious to carry
out based on SciVal data, a more convenient option is also suggested, which is to use co-
publications with maximum 10 co-authors. Elsevier should introduce better methods for
comparisons of international collaborations and, until this has been made, help its users
understand the limitations of the standard approach featured in SciVal. A by-product of the
study is that international co-publications deliver a higher citation impact also when publi-
cations with the same number of co-authors are compared.
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Introduction

Which countries should we prioritize in our portfolio of international research collabora-
tions? One straight-forward approach to answer this typical policy question would be to
compare the citation impact of co-publications involving each pair of countries. This is
easily done in tools such as Elsevier’s SciVal. Unfortunately, such an approach tends to
give misleading results. The main distorting factor is the positive correlation between the
number of co-authors and the citation impact (Glénzel & Thijs, 2004; Puuska et al., 2014;
Waltman & van Eck, 2015). If the mix of co-publications involving the two countries is
dominated by publications with many co-authors, the citation impact will probably be
high. Publications involving many co-authors and countries not only have a large influence
on the overall citation impact, they are also the least relevant to consider when studying a
specific pair of countries as they also represent research from several other countries.

This study was triggered by three related aspects. First, there is a clear need for fact-
based selections of preferred partner countries in research. Second, not only the author but
probably many others have used SciVal or similar tools rather uncritically to analyse the
citation impact of co-publications in attempts to compare different international collabora-
tions (Kahn, 2018). Third, there appears to be limited guidance in the existing literature for
how to make this type of comparisons, especially if the ambition is to rely on tools avail-
able to policy makers. The aim of the study is therefore to provide such guidance obtained
through an investigation of different approaches to compare the citation impact of collabo-
rations between country pairs, within the limits of broadly available tools such as SciVal.
The resulting recommendations take both the quality of the comparison and the work asso-
ciated with the analysis into account. A by-product of the study is a comparison of national
and international co-publications, are the latter delivering a higher citation impact also
when the influence of the number of co-authors is removed?

Studies have investigated various dimensions associated with international co-publica-
tions. They are more cited (Confraira et al. 2016; Kamalsky and Plume 2013; van Raan,
1998; Wagner et al., 2017) and they have higher numbers of co-authors (Kahn, 2018).
Shortcomings of the field-weighted citation impact or the mean normalized citation score
(MNCS) in combination with full count approaches are explained in Waltman and van Eck
(2015). Partly to reduce the influence of varying co-author numbers, fractional instead of
full count methods are recommended for the analysis of institutions or countries (Aksnes
et al., 2012). Potter et al (2020) suggest a method to study the citation impact of a coun-
try through a separate analysis of different types of publications, essentially divided into
groups based on their numbers of countries involved. Among the few studies specifically
addressing international collaboration between different country pairs, Adams and Gurney
(2018) differentiate between co-publications based on the number of countries involved.
Their analysis illustrates that the partner country to the United Kingdom generating the
highest citation impact differed if exclusively bilateral, or publications with additional
countries, were considered. Previous literature highlights that the citation impact of inter-
national co-publications should be analysed with the co-author numbers in consideration,
either through a fractional count or by dividing the publications into different groups based
on the number of co-authors or countries involved.

It could be argued that policy makers should not select partner countries and rather
leave the decision to the researchers themselves. Moreover, it should be noted that a selec-
tion of partner countries should be guided by many different types of data, where the cita-
tion impact of existing co-publications is just one possibility. However, if we care about
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how the research performs, an analysis of research collaborations between countries is still
relevant. Even though all research collaborations do not lead to co-publications, it is widely
acknowledged that such data has relevance for the study of international collaboration
(Glénzel et al., 1999). If the collaborative research has generated highly cited publications,
it is probable that also future collaboration will deliver such publications.

Following a review of previous studies of citation impact indicators and their use on
international co-publications, data and methods used in this study are described. There-
after, an analysis comprising nine countries is made of how the number of co-authors and
countries involved in the publications influence the citation impact. Five approaches are
tested and the results are discussed. Finally, conclusions follow with recommendations to
policy makers as well as providers of tools for publication analysis.

Previous research: citation impact indicators and international
co-publications

There is a wide range of indicators based on the citations a publication receives. A direct
count of all citations of an author’s publications might be used on individual level but for
larger entities, other slightly more elaborated indicators are often preferred. One group of
such indicators is the share of publications in the top X citation percentile. To account
for differences in the publication and citation traditions, this indicator can also be field-
normalised. An article-level indicator accounting for the field of study as well as the publi-
cation year and the type of publication is the field-weighted citation impact (FWCI), which
will be used as the main indicator in this study. A similar concept is used for the mean
normalized citation score (MNCS).

Purkayastha et al (2019) describe the FWCI in some detail. It uses the All Science Jour-
nal Classification category (334 level) for the field normalisation, which means that all
publications in each field are normalised by the average number of citations in the field. It
also takes the publication year and the type of publication into account. A baseline of 1.0 is
thus obtained.

International co-publications and their associated citation impact have been studied a
lot and given the steadily increasing shares of international co-publications (Wagner et al.,
2015), it is not surprising. Gldnzel and Schubert (2001) studied publications in chemistry
and noted that international co-publications on average were more cited than national ones.
However, in the selection of 35 countries, a few had higher (Canada, Morocco, Switzer-
land, Taiwan) or very similar (UK, USA) citation rates for domestic compared to interna-
tional publications. In another paper by Glédnzel (2001), covering a broader data set, the
on average positive citation impact of international co-publications is confirmed. However,
the positive influence of international collaboration on the national citation indicators is
not systematic, there are cases where both partners do not exhibit advantages. Many other
studies find that international co-publications are rewarded with higher impact (Confraira
et al. 2016; Kahn, 2018; Kamalsky and Plume 2013; van Raan, 1998; Wagner et al., 2017).

Using data from the extensive 2021 Research Excellence Framework in the United
Kingdom, Thelwall et al (2024) managed to show that international co-publications typi-
cally have a higher quality than national (co-)publications. This was achieved using peer
review data, thereby, at least not explicitly, avoiding the use of citation indicators.

The number of co-authors increases in all parts of science (Thelwall & Maflahi, 2022).
One small but often not negligible share of international co-publications is hyper-authored.
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Such publications have up to several thousands of co-authors and involve sometimes more
than 100 countries. These publications influence several indicators, not least the citation
impact. According to Thelwall (2020), the citation impact of large consortia publications is
twice the world average. Kahn (2018) argues that science policy for collaboration between
the BRICS countries has been distorted by hyper-authored co-publications and thus the
policy is not targeting the involved countries research specialisations. He argues for a sepa-
rate analysis of publications with very many co-authors.

In a study of whole count and fractionalised methods by Aksnes et al (2012), countries
with high shares of international co-publications have a larger difference between whole
and fractional citation counts than countries with low shares of international co-publica-
tions. They argue for fractionalised methods when countries are to be compared.

Puuska et al (2014) analyse how the number of co-authors relates to the citation impact
for six scientific fields using data for Finland. All fields exhibit a positive relationship
between the number of co-authors and the citation impact.

A pedagogic and detailed explanation of how full count and various fractionalisation
methods relate to the citation impact is given in Waltman and van Eck (2015). A “full
count bonus” is calculated and it is shown that field-normalisation in combination with full
count approaches might produce misleading results. The relationships between the cita-
tion impact and the number of co-authors, organisations or countries are plotted, indicat-
ing that an increase in any of the three factors leads to a higher citation impact. As long
as this relationship is true, the full count bonus increases with higher numbers of authors,
organisations and/or countries involved. It is also demonstrated that the full count bonus
has increased steadily over the period 1980-2010 on the country level. Also on the coun-
try level, a fractional approach leads to a slightly lower citation impact score compared to
the full count approach for all 25 countries included, however with some variation. This
variation is to a large extent similar to the reduction in publication volumes, when compar-
ing full count and fractionalised publication volumes per country. The authors consider it
absolutely essential to use fractional counting instead of full counting at the country and
organisational levels.

Addressing another dimension of the differences between full count and fractionalized
data, Perianes-Rodriquez et al. (2016) forward VOSviewer co-authorship network maps
based on each type of data. They differ considerably. Interestingly, a full count network
map based on publications with up to 20 institutions looks similar to the fractionalised one.

Closer to the purpose of this study, one approach to handle varying co-author numbers
caused by international collaboration is forwarded by Adams et al (2019) and Potter et al
(2020). Acknowledging the influence of co-author numbers, they suggest a split of the pub-
lications of an entity into five groups, single author, national collaboration, and interna-
tional collaboration with one, two or many partner countries. For each group a category
normalised citation impact is calculated and normalised within the group.

Directly relating to the purpose of this study, Adams and Gurney (2018) study inter-
national co-publications including the United Kingdom. They look at bilateral as well as
all publications including a selection of other countries. The normalised citation impact is
lower for the bilateral publications and whereas co-publications with the United States give
the highest citation impact if strictly bilateral co-publications are considered, co-publica-
tions with France give higher citation impact if all co-publications including France and
the United Kingdom are considered. They recommend that publications with more than 20
countries involved should be analysed separately.

Previous literature demonstrates that the citation impact for international co-publi-
cations is influenced by the co-author number or the closely related number of countries
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involved. It also argues that the citation impact is higher for international co-publications,
at least on a full count basis. One conclusion from the study of previous literature is that
the citation impact of international co-publications should be analysed with the co-author
numbers in consideration, either through a fractional count or by dividing the publications
into different groups based on the number of co-authors or countries involved.

Methodology and data
Outline of five approaches to be tested

Given the ambition to help policy makers in their work with publication analyses, the study
is limited to approaches possible to carry out in SciVal, or similar tools. This excludes
a development of completely new advanced indicators. However, given the emphasis on
fractionalisation in previous literature, one such approach is tested, even though it requires
some efforts to calculate.

In SciVal, the co-author number filters use the limits 10, 50, 100 and in some cases
also 1,000 co-authors. These filters are available on the institutional level but unfortunately,
there is no such filter on the country level. However, to study co-publications with a speci-
fied maximum co-author number, publication sets can be made. One limitation of publica-
tion sets is that they can include up to 100,000 publications.

The following approaches will be tested:

1. All co-publications including country A and B (the standard approach)

2. Co-publications including country A and B excluding publications with more than 100
co-authors

3. Co-publications including country A and B excluding publications with more than 10
co-authors

4. Co-publications including country A and B and up to two more countries
5. All co-publications including A and B and a country-level fractionalisation of the cita-
tion impact.

The standard approach is what you can get directly in SciVal’s Collaboration Module
and thus the approach that is probably used by most policy makers. One factor triggering
this study was that the FWCI when using this approach is very high, especially for collabo-
ration with countries not considered established academic super-powers. In Fig. 1, an illus-
tration of how the collaboration between two countries is illustrated, in this case between
Sweden and Bulgaria. The FWCI for Sweden, Bulgaria and the publications including both
countries are central indicators. The Collaboration Module is not visible in the new SciVal
navigation introduced in June 2024 but the data presented under Collaboration - Current
collaborators is similar to what Fig. 1 illustrates.

The second approach is used to reflect the recommendations to remove or treat hyper-
authored publications separately (Adams & Gurney, 2018; Kahn, 2018). As the analysis
in next section will show, publications with more than 100 co-authors also tend to involve
many countries.

The third approach uses the co-author filter with the lowest available number. How does
it change the citation impact when all co-publications with more than 10 co-authors are
excluded?

@ Springer



4756

Scientometrics (2024) 129:4751-4770

Collaboration with Bulgaria

Year range: 2019 to 2021

Research Performance  Areas of collaboration

Current co-authors ~ Potential co-authors

X

Shortcuts v

@ Metricguidance  + Add to Reporting  Export

Sweden Co-authored Bulgaria
221,057 4 B 6534 25314
co-authors with Bulgaria publications co-authors with Sweden
1.61 7:25 0.98

% Field-Weighted Citation Impact %5 Field-Weighted Citation Impact £ Field-Weighted Citation Impact

Authors 90,846 & - 14,494 a
¢ Scholarly Output 143,586 & - 214484
Views count (from Scopus) 3,789,610 99,898 659,259
Field-Weighted Views Impact 133 9.23 183
3;*, Citation Count 1,805,091 43,892 137,981

Number of Institutions 177 42

Fig. 1 Collaboration between two countries as presented in SciVal

The fourth and fifth approaches require considerably more efforts. Both use the number
of countries involved in each publication, which when the data exports for this study were
made were not directly available in SciVal. Using the export function in SciVal, which
allows for an export of up to 100,000 publications at a time, a count of the country numbers
was made in Excel. The selection of maximum four countries per publication in the fourth
approach is motivated by a wish to maintain a focus on the two partner countries studied,
without ignoring the fact that some countries appear to be important enablers of trilateral
or quadrilateral collaborations. With maximum four countries, the two partner countries
represent 50% of all countries involved in the collaboration, whereas with a higher number,
they represent a minority. A strict focus on bilateral collaborations would in many cases
reduce the co-publication volumes considerably and bias the analysis towards fields typi-
cally addressed in small collaborations. The fourth approach is to some extent similar to
the grouping proposed by Adams et al (2019).

The fifth approach deserves a more detailed discussion. Even though not explicitly
focusing on international co-publications, several studies suggest fractionalisation of
the citations. Fractional counting on author level means that the citations are divided
between the authors following some scheme, where an equal split probably is the
most common, but many different approaches exist (Gauffriau, 2021). To facilitate the

Fig.2 A world with three countries
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discussion of fractional approaches, a very simplified world with only three countries A,
B and C is depicted in Fig. 2. The overlapping areas indicate international co-publica-
tions. Country A’s international co-publications are the areas 1+ 2 +4. Strictly bilateral
publications between country A and B are in the area 1.

Further, let us assume two publications, one national with two authors based in coun-
try A, and one international with one author in country A and one in country B. If we
use fractional author-level counting, the nationally co-authored publication will contrib-
ute twice as much to country A’s total citation count as the international one. This is
true also when the fractional counting is implemented on country level. With three co-
authors, whereof one in country A, one third of the citations are counted for country A.
From this very simple example follows that a comparison of national and international
co-publications for a specific country will yield clearly different results when author or
country level fractionalisation is used.

The essence of this study is to answer the following question: For country A, do
the co-publications with country B or country C deliver the highest citation impact?
Obviously, the trilateral publications in area 4 contribute to both collaborations and as
publications with more countries involved on average receive a higher citation impact,
the share of such publications in the collaboration of interest plays a role. If the share of
trilateral publications among all international publications is larger for the collaboration
with country B than country C, the collaboration between A and B benefits more from
the presumably higher impact of the trilateral publications.

In the real world, the main reason why Sweden had a very high FWCI for co-publica-
tions with Bulgaria is that the collaboration had a large share of publications with many
co-authors. Out of the 653 co-publications illustrated in Fig. 1, 242 had more than 100
co-authors.

When the collaborations A—B and A—C are compared, it appears reasonable to count
the citations of the trilateral co-publications to a lower extent. If citations to bilateral
publications are counted fully (they include the targeted pair of countries to 100%), the
citations relating to trilateral publications could be included to 67%, assuming an equal
contribution from each country. One author in each country means that two are involved
in the selected country pair, which is 2/3 of the total. For publications with four coun-
tries involved, the country pair represents 2/4 of the total, or 50%. This type of fraction-
alisation on country level is analogous to the fractionalisation approaches proposed in
previous literature but adapted for international co-publications only.

The fractionalisation approach is far from perfect. One simplification is that all
countries involved in a publication are assumed to participate to the same extent. A
better way would be to weigh the citations based on the number of authors from each
country. Further complicating factors include that some authors have multiple affilia-
tions in different countries and that the position of the author in the publication might
matter for how the citations should be distributed. However, given the purpose of this
study to develop methods being possible to use by policymakers, such fine-tuning of the
approach had to be excluded.

It is possible to weigh the citations accrued by different types of international co-
publications differently. The full count approach equals a full weight for all types of co-
publications. A weight directly related to the number of countries involved as per above
(weight=2/number of countries involved) reduces the impact of the citations to publica-
tions with many countries involved considerably, with 10 countries involved the weight
is 20%. Other approaches, such as excluding publications with many authors or countries
involved, correspond to a full weight of citations to all publications up to a certain limit
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and zero weight for those above. In the next section, the relationships between the number
of authors, countries and the associated citation impact will be investigated, which among
others will tell how the weights relate to the increase in citation impact as the numbers of
countries increase.

Data

Nine countries were used to test the selected approaches. The countries were selected based
on the following. The two largest countries in terms of publication volume were selected
(United States and China), as they represent a large share of the total publication volume
in the world. Thereafter, five countries with a very high field-weighted citation impact
in 2016 were selected as they might be the most likely ones not enjoying higher citation
impact from international collaboration (Denmark, Netherlands, Singapore, Sweden, and
Switzerland). Finally, two countries with rapidly growing publication volumes represent-
ing the potential future research nations (Indonesia and Saudi Arabia) were selected to see
if they are different in the aspects studied (Pohl, 2020). When looking at the collaboration
networks of these nine countries, all 48 countries having more than 10,000 Scopus publi-
cations in 2016 were included in the comparison. A threshold is motivated as the co-pub-
lication volumes between some countries would otherwise be very small and the citation
impact rather random. For a discussion of small countries, Potter et al (2020).

To form a basis to better understand the different approaches to rank partner countries,
the selected countries were initially studied with a focus on their mix of publications with
different co-author and country numbers and the associated citation impact. The number of
co-authors per type of publication was also studied, which in this case means that the num-
ber of co-authors for national, bilateral, trilateral and so on were calculated. Even though
not the main purpose of the study, it was also investigated if international co-publications
give a higher citation impact also when the influence of the number of co-authors was
removed.

Data comes from the Scopus database, which is among the largest curated abstract and
citation databases (Baas et al., 2020) or, to use a more neutral source, the publication data-
base with the broadest coverage (Burnham, 2006). In the analysis of Scopus data, SciVal
and Excel were used. SciVal is a tool provided by Elsevier to facilitate the use of publica-
tion data (Elsevier, 2022). Publication data in SciVal are available from 1996. In SciVal,
international co-publications include at least two authors and affiliations in at least two
countries. The year 2016 was used and data was extracted in the beginning of 2022, which
means that there has been considerable time for citations to accumulate. All types of publi-
cations were included.

Results
Detailed study of the citation impact of international co-publications

In Table 1 below, some basic publication data for the country selection are presented.

In 2016, the United States was still the largest country in terms of publications, being
involved in more than 22% of all publications world-wide. China was number two. The
other countries have much lower volumes. The FWCI including self-citations is very high
for several countries, which is not surprising as it was a selection criterion when the sample
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Table 1 Basic publication data

All Scopus publications 2016

Country Volume Share of Citation impact incl. Citation impact International
world (%) selfcitations excl. selfcitations co-publications
(FWCI) (FWCI) (field-
weighted)
China 501,834 16.4 0.97 0.36 0.54
Denmark 28,961 0.9 1.92 1.59 1.51
Indonesia 12,740 0.4 0.97 0.56 0.79
Netherlands 61,871 2.0 1.86 1.50 1.51
Saudi Arabia 21,403 0.7 1.51 1.23 1.95
Singapore 22,259 0.7 1.83 1.57 1.60
Sweden 43,009 1.4 1.74 1.42 1.55
Switzerland 47,721 1.6 1.87 1.54 1.66
United States 690,443 22.6 1.44 0.75 0.85

of countries was designed. However, when excluding self-citations on country level, it is
predominantly the large countries with low shares of international co-publications that get
drastically lower values. Self-citations on country level means that citations from the same
country as at least one of the co-author affiliations are not counted. As this punishment of
size appears irrelevant, self-citations are not considered in the following analysis. In the
last column, the field-weighted internationalisation score is high for countries with high
FWCI. This value is to be interpreted the same way as the FWCI, which means that the
world average is 1.0 (for details, see Pohl et al., 2014).

The distribution of national and international publications per co-author number is pre-
sented with one figure per country in Table 2. For each number of authors from 1 (only
national publications) to 10, the share is calculated as a percentage of all publications
including the country in 2016. The intervals 11-20 and more than 20 are also presented.
On the right axis, the FWCI is indicated and the line shows the value for each co-author
number.

On the one hand, the patterns relating to co-author numbers differ between the coun-
tries. National publications show a decreasing share for all countries except China and
Indonesia, which have the highest share of national publications with 3 or 4 co-authors.
The international co-publications peak at 3 or 4 co-authors in all 9 countries. All coun-
tries in Europe have relatively high shares of publications with more than 10 co-authors,
whereas only China and the United States have 2% or more national publications with more
than 10 co-authors. It should also be noted that the international co-publications dominate
when the co-author numbers increase.

The share of international co-publications with more than 10 co-authors varies between
less than 3% (China) to approximately 15% (Switzerland). This has clear implications on
how the approaches 3 and 4, as described in sub-Sect. “Outline of five approaches to be
tested”, influence the citation impact.

On the other hand, the curve for the FWCI has a similar shape for all nine countries. The
scales differ but it is obvious that the FWCI increases with the number of co-authors per
publication and that publications with more than 20 co-authors differ substantially from
other publications.
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Table 2 Share of publications and FWCI per number of co-authors
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National, bilateral, trilateral, quadrilateral and multilateral publications (2016)
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Fig. 3 Proportions of publications with one, two, three, four and more than four countries involved

One rule of thumb is that a large country in terms of scientific publications has a low
share of international co-publications (Aksnes et al., 2012). In Fig. 3, this is to some
extent confirmed, as the two largest countries, China and the United States, both have
a large share of national publications. Saudi Arabia has the highest shares of bilateral
and trilateral co-publications. Denmark, Netherlands, Sweden and Switzerland all have
approximately 10% “multilateral” co-publications, which in this figure and in the fol-
lowing is defined as co-publications with more than four countries involved.

When looking specifically at the international co-publications, China has almost 80%
bilateral such publications, which is much higher than the other countries in the sam-
ple. The FWCI for each number of countries involved in the publications is indicated in
Fig. 4. All countries exhibit an increasing citation impact when the number of countries
involved increases. Publications with more than 4 countries involved differ substantially
with their very high citation impact.

When normalising the citation impact in line with approach 5 described in 3.1, the
differences in citation impact for the three categories bilateral, trilateral and quadrilat-
eral publications become smaller. For most countries, the opposite order is resulting
with the highest normalised citation impact for bilateral co-publications (counted 100%)
and the lowest for quadrilateral (counted 50%).

The number of co-authors per country number is presented in Fig. 5. Here, interna-
tional means all international co-publications as per definition, and not only those with
more than four countries involved. Despite this, the averages for international co-publi-
cations are quite high for countries like Denmark and Switzerland. China has the high-
est and Saudi Arabia the lowest number of co-authors for national publications. What
could be noted is that the numbers of co-authors per bilateral, trilateral and quadrilateral
publications are rather similar in all countries. International publications exhibit larger
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Citation impact for publications with different numbers of
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differences. A slightly more detailed analysis of co-author numbers per publication type
is available in Appendix.

Are international co-publications more cited?

Given the substantial attention in previous literature devoted to whether international co-
publications are more cited than national ones and the lack of approaches comparing publi-
cations with the same co-author numbers, this was tested using data as per above. A linear
regression model was used for publications with 2 — 10 co-authors to investigate if there
is a significant difference between national and international publications in terms of the
FWCI. As FWCI values are highly skewed, a logarithmic transformation was made, using
In(FWCI + 1). This is in line with other studies of similar type, among them Puuska et al
(2014).

The equation In(FWCI+ 1)=a+b*Co-authors + c*International was used, where Co-
authors represents the number of co-authors per publication and International is 1 for inter-
national co-publications, otherwise 0. In Table 3, some results are summarized.

For all countries, both b and ¢ are positive and p very small. It means that both co-
author numbers and whether the co-publication is international or not contribute signifi-
cantly (***) and positively to the FWCL Interestingly, China and the United States have
the strongest positive correlation between the citation impact and the number of co-authors
(b=0.035). China is also the country which most clearly benefits from international col-
laboration (c=0.269).

The omission of publications with higher co-author numbers has as illustrated Table 2
a negative impact on the citation impact for international co-publications. It means that
this test is more challenging for international co-publications than if all publications were
included.

Empirical test of five approaches to compare international partnerships

In this sub-section, the approaches described in 3.1 are calculated using publications
for 2016. As a complete listing of all values for five approaches for all 9 countries and

Table 3 Regression results for the comparison of national and international co-publications

a b c

Country Publications Value p Value p

China 466,265 0.26 0.035 0 0.269 0
Denmark 22,082 0.54 0.025 2.47E-43 0.103 1.88E-37
Indonesia 11,065 0.31 0.023 6.06E-15 0.157 1.6E-49
Netherlands 47,621 0.52 0.027 1.4E-110 0.106 1.45E-84
Saudi Arabia 18,194 0.38 0.034 3.84E-59 0.121 1.18E-29
Singapore 18,811 0.53 0.029 3.36E-38 0.107 2.42E-29
Sweden 33,404 0.50 0.028 7.82E-94 0.080 4.99E-35
Switzerland 35,967 0.52 0.028 1.88E-87 0.084 2.42E-34
United States 526,131 0.48 0.035 0 0.056 3.2E-242
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the selection of 47 partner countries would be space consuming, only the collabora-
tions between the 9 countries analysed above and two more are included in the tables.
The additional two are those with the highest rank in the standard approach (number 1),
which means the FWCI when all co-publications with both countries are counted fully.
They are placed in the last positions in the tables. Moreover, only results for three coun-
tries are presented here. In Appendix, tables for all 9 countries are available.

In the standard approach for United States and its partner countries, the collabo-
rations with the highest citation impact are with Indonesia, Ireland and Pakistan, see
Table 4. China gets the lowest rank.

When co-publications with more than 100 co-authors are removed, the rank of Indo-
nesia and Pakistan changes substantially, whereas Ireland still ranks number 2. For other
countries, the ranking improves and the Netherlands top the ranking.

A comparison of the FWCI for co-publications with maximum 100 and 10 co-authors
respectively, shows that the values are as expected clearly lower for the latter. Singa-
pore and China climb the rankings, whereas Indonesia, Ireland and Pakistan lose several
positions.

Quadrilateral collaboration typically yields a slightly higher FWCI than co-publi-
cations with maximum 10 co-authors. Exceptions are collaborations with Ireland and
Pakistan. Data illustrated in Fig. 5 tells that quadrilateral co-publications including the
United States on average have 9.61 co-authors. Given that the limit to maximum four
countries allows for a larger spread in the co-author numbers, this might be the reason
why this category tends to give a higher FWCI than publications with maximum 10 co-
authors. However, the differences in FWCI and ranks are relatively small.

Finally in Table 4, the FWCI normalised with the country number per publication is
listed. The highest ranked country in this approach is Canada with FWCl,. 1.61 (not in
the table) closely followed by Singapore. China has a clearly better rank in the fraction-
alised column. China was the largest partner to the United States. 74% of the publica-
tions were bilateral, which is a very high proportion, and they had a FWCI equalling

Table 4 Co-publications with the United States (2016)

United States

Partner country Field-weighted citation impact, FWCI (rank)

Approach no 1 2 3 4 5
Publications All Max 100 coauthors Max 10 coauthors Max 4 countries All
included (fractionalised)
Indonesia 5.66 (1) 2.33(24) 1.46 (28) 1.49 (29) 1.07 (29)
Denmark 3.67(7) 3.02(3) 1.96 (6) 2.16 (5) 1.45 (10)
Netherlands 3.61(10) 3.20(1) 2.16 (1) 2.28 (2) 1.58 (3)
Sweden 3.37(17) 2.85(8) 1.94 (8) 2.03 (8) 1.38 (13)
Switzerland 3.27(20) 2.91(5) 2.14 (2) 2.22(3) 1.49 (8)
Singapore 3.03(27) 2.50(19) 2.05 (4) 2.14 (6) 1.61 (2)
Saudi Arabia 2.67 (37) 2.11(31) 1.82(13) 1.84 (18) 1.34 (17)
China 1.91 (47) 1.82(38) 1.65 (23) 1.72 (22) 1.51(5)
Ireland 428 (2) 3.10(2) 1.88 (9) 1.87 (17) 1.37 (15)
Pakistan 4.13(3) 2.24(26) 1.38 (36) 1.35(38) 1.00 (36)
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1.59. In the fractionalised approach, bilateral publications have a large impact so even if
the FWCI for these publications was a bit lower than it was for some other partner coun-
tries to the United States, it contributed to a better rank.

In Table 5, China’s collaboration with the United States shows very similar results
with a gradual improvement in rank from the left to the right, in both cases starting
at the bottom (rank 47) and reaching rank 5. China and Saudi Arabia appear to have a
collaboration generating high citation impact. Singapore is another strong partner, as
it is also to the United States. All the top-ranked countries according to the standard
approach land close to the bottom of the list when a limit of maximum four countries or
fractionalisation is used. The ranks and positions in the columns “Max 10 co-authors”
and “Max 4 countries” are similar in all cases except for Colombia. The limited co-
publication volume (440 publications) appears to have some highly cited publications
with maximum 10 co-authors from more than four countries.

Indonesia got a very prominent rank in the rankings for the United States and China
(and several other countries, see Appendix) according to the standard approach. From
Indonesia’s perspective, many other countries give even higher FWCI, see Table 6.
This lack of symmetry is not surprising, as the high ranking of Indonesia in the other
countries’ tables predominantly reflects that a large share of Indonesia’s international
co-publications involves many countries and authors. The extremely high FWCI val-
ues in the standard approach should be noted, they are as the column Max 100 co-
authors shows to a large extent caused by publications with more than 100 co-authors.
A low number of co-publications makes the results volatile. There are several ways to
increase the publication volumes included, one is to use several years, another is to
exclude countries with few publications. Here, this has not been done.

The tables in Appendix for the other six countries are in line with the results pre-
sented above. An exclusive look at publications with up to ten co-authors or with four
countries give similar ranks and the standard approach including all publications with
country A and B, deviates the most from the other approaches.

Table 5 Co-publications with China (2016)

China

Partner country Field-weighted citation impact, FWCI (rank)

Approach no 1 2 3 4 5
Publications All Max 100 coauthors Max 10 coauthors Max 4 countries All
included (fractionalised)
Indonesia 10.78 (1) 2.24 (34) 1.12 (44) 1.04 (45) 0.77 (40)
Switzerland 4.55(24) 3.14 (7) 2.24 (3) 2.09 (4) 1.17 (14)
Netherlands 4.09 (30) 2.66 (20) 1.60 (28) 1.55 (34) 1.16 (16)
Denmark 4.02 (31) 2.26 (33) 1.69 (18) 1.77 (12) 1.19 (11)
Saudi Arabia 4.01 (32) 3.00(11) 2.81(1) 2.76 (1) 1.83 (1)
Sweden 3.69 (34) 2.59 (24) 1.68 (20) 1.74 (15) 1.26 (8)
Singapore 2.73 (39) 2.29 (32) 2.09 4) 2.18 (3) 1.82 (2)
United States 1.91 (47) 1.82 (44) 1.65 (22) 1.72 (17) 1.51 (5)
Argentina 942 (2) 5.53(2) 1.01 (46) 0.99 (46) 0.71 (41)
Colombia 9.15(3) 7.46(1) 1.93 (6) 1.57 (30) 0.59 (46)
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Table 6 Co-publications with Indonesia (2016)

Indonesia
Partner country Field-weighted citation impact, FWCI (rank)
Approach no 1 2 3 4 5
Publications All Max 100 coau- Max 10 coauthors Max 4 countries All
included thors (fractionalised)
Denmark 27.11 (21) 1.99 (33) 1.41 (14) 0.86 (36) 0.95 (35)
Sweden 21.94 (24) 3.21(14) 2.15(5) 2.05(7) 1.28 (12)
Switzerland 20.62 (27) 3.87(8) 2.09 (6) 2.19 (6) 1.11 (21)
Saudi Arabia 17.06 (31) 1.67 (41) 1.02 (29) 1.05 (25) 1.02 (31)
Singapore 12.25 (35) 2.65(22) 1.43 (13) 1.29 (17) 1.10 (22)
China 10.78 (36) 2.24 (30) 1.12 (25) 1.04 (26) 0.77 (44)
Netherlands 7.16 (42) 1.88 (38) 1.23 (23) 1.23 (19) 0.98 (34)
United States 5.66 (43) 2.33(28) 1.46 (12) 1.49 (13) 1.07 27)
Israel 82.12 (1) 4.04(7) 1.38 (15) 0.22 (45) 2.12(2)
Ireland 79.16 2) 1.90(37) 0.56 (45) 0.40 (43) 1.95(3)

Discussion

The main aim of this study was to provide guidance how to compare the citation impact
of collaborations between country pairs, within the limits of broadly available tools such
as SciVal. Implicitly, it is assumed that the citation impact is related to the quality of the
publications and thus to at least one aspect of the international collaboration. Given the
substantial interest in comparisons of the citation impact for national versus international
(co-)publications, an effort was also made to contribute to this discussion.

Starting with the latter question, almost all comparisons of the citation impact for
national versus international publications result in a higher impact for the international
ones (Confraira et al. 2016; Kahn, 2018; Kamalsky and Plume 2013; van Raan, 1998). Peer
review also indicates that international publications typically are of higher quality (Thel-
wall et al., 2024). As international co-publications have a higher number of co-authors, as
illustrated in Fig. 5, and higher co-author numbers on average generate a higher citation
impact, see Table 2 and Fig. 4, it was considered relevant to investigate if the higher cita-
tion impact only depends on the higher co-author numbers or if there is a difference also
when publications with the same co-author numbers are compared. This was investigated
for all nine countries in this study for all co-author numbers from 2 — 10. The result was
that yes, international co-publications were more cited also when the influence from the
number of co-authors was removed.

Previous studies highlight the large differences in how countries publish and collabo-
rate (Adams & Gurney, 2018). To support interpretation of the results, a brief analysis of
nine countries’ publication profiles was made with a focus on the co-author and country
numbers involved in the publications. The analysis confirmed large variations. One fac-
tor having an impact on how the share and mix of international co-publications is consti-
tuted is the size of the country in terms of the annual number of publications. However,
even for countries with approximately the same publication volumes, the differences
are far from negligible. For example, the share of China’s international co-publications
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involving more than four countries was only 3%, whereas the corresponding share for
the United States was 6%. The share of such publications for Denmark, the Netherlands,
Sweden, and Switzerland was 16—17%. Despite these differences, it was noted that the
relationship between the number of co-authors and the number of countries involved
was relatively stable, at least up to and including quadrilateral co-publications.

With inspiration from literature, five approaches to calculate the citation impact for
country pairs were developed and tested. Which recommendations emanate from the
comparison of the five approaches?

From a theoretical perspective, the fractionalisation approach is most appealing.
Fractionalisation is recommended by several researchers (Aksnes et al., 2012; Walt-
man & van Eck, 2015). In this study, an adapted version of fractionalisation specifically
for international collaborations was developed. It normalises the citations per publica-
tion based on the number of countries involved with 100% of the citations included
for purely bilateral collaborations, 67% for trilateral and so on. Compared to the other
approaches tested, it has the advantage that all publications are considered with a grad-
ual decrease of the influence on the citation impact as the number of countries involved
increase. Obviously, the weights for the citation scores for different numbers of coun-
tries could and should be discussed, there might be arguments to have a steeper or less
steep reduction of the weights. But as a starting point, the proposed model appears
sound.

From a practical perspective, fractionalisation required some efforts as the number of
countries per publication was not directly available in SciVal. To get the number of coun-
tries per publication, a count of the countries affiliated in each publication was made in
Excel. For the larger countries, this was associated with some work, as the publications had
to be exported in several portions to be merged in Excel. In this regard, the close dialogue
with Elsevier appears to have been fruitful, since the data-intensive part of this study was
carried out in 2022, the number of countries involved in the publications have been added
to the list of possible items to export from SciVal.

The approach only considering publications with up to four countries involved, requires
similar efforts as the fractionalisation approach and is thus not considered interesting for
practical use. However, the test was useful as it showed that the existing filter “maximum
10 co-authors” gives similar results in terms of the citation impact.

If fractionalisation is considered too demanding, the recommendation is to focus on
publications with up to 10 co-authors when comparing the citation impact between country
pairs. An exclusion of all publications with more than 10 co-authors is relatively easy to
carry out in SciVal.

Adams and Gurney (2018) studied international collaborations explicitly and their
results are in line with this study. They recommend an analysis of publications with more
than 20 collaborating countries separately, which is somewhat similar to approach 2 in
this study (exclude publications with more than 100 co-authors). However, as the five
approaches compared in this study show, the rankings may change considerably when
focusing more directly on the actual pair of countries.

A final recommendation is to avoid a full count of all publications involving country A
and B and their citations, which is the standard approach in SciVal. It gave the highest cita-
tion impact and differed the most from the other approaches. For collaborations between
small and medium sized countries, the mix of the co-publications has a large influence on
the citation impact. For example, if both countries have just one author each involved in
a big research consortium such as Atlas with many publications annually and more than
1,000 co-authors per publication, it might improve citation impact for the co-publications
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substantially. Even though it in some cases might be relevant to use the full count approach,
it must be used with caution and probably not for comparisons of different country pairs.

As always, this study has several limitations, among them that it is based on only a
few countries and it is only using Scopus data for one year. The main limitation is closely
linked to the purpose of the study, which is to use tools and methods available to policy-
makers to carry out the analysis.

On a higher level, one policy implication relating to this study is the role of publica-
tion analysis experts versus the availability of tools allowing policymakers to carry out
the analyses themselves. Given the rapid development of Al-supported tools to facilitate
advanced analyses, this question will probably become even more important in the future.
My experience from the user-friendly SciVal is predominantly positive. Even though there
are pitfalls such as the one highlighted in this study, a large majority of the insights that
SciVal delivers to policymakers and others are not at all problematic. Another benefit of
such user-friendly tools is that the use of publication data comes closer to the users of the
results, which typically increases the relevance of the analyses.

To conclude the discussion, there are many ways to compare international partnerships,
even when only scientific co-publications are used. This study illustrates some important
aspects to have in mind. The choice of approach depends on the purpose of the study and
the resources available. Based on the tests carried out in this study, it is recommended to
use country fractionalisation and as a second-best approach, to limit the co-publication set
to include up to 10 co-authors. Elsevier should develop SciVal to make it easier to perform
relevant comparisons of country pairs and make sure that SciVal customers do not use the
full count approach for this purpose without knowing its potentially misleading results.

Conclusions

International research collaboration is often promoted and there are many good reasons
for this. This study addressed one of the questions that a policymaker may ask; with which
country should we intensify our collaboration, and compared different approaches to use
citation data for the comparison of country pairs. Previous literature forwards many indi-
cators trying to capture the value of a publication. It shows that citations are positively
associated with the number of co-authors as well as the number of countries involved.
Fractionalised approaches are recommended, which means that the citations are split
between the researchers or countries involved. Broadly available tools to analyse publica-
tions do not offer fractionalisation. The contribution of this study is that it develops and
tests practical approaches to answer the policymaker’s question, acknowledging the limi-
tations of available tools such as SciVal from Elsevier. The analysis of empirical data for
nine selected countries shows clear differences in how their publications are distributed
and confirms that international co-publications, even when correcting for the number of
co-authors, exhibit a higher citation impact. Five approaches were tested, and it was high-
lighted that the standard approach, which is the default one in SciVal, gives the potentially
most misleading results. Country-level fractionalisation is recommended for the compari-
son of country pairs but as this approach is associated with considerable work in SciVal
and Excel, a second-best approach using all co-publications with maximum 10 co-authors
is also suggested. Elsevier and other providers of tools to study publications should help
their users understand the potentially misleading results of the standard approach to study
international collaboration and introduce better alternatives.
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