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Abstract

The paper uses a variant of the Revealed Comparative Advantage index to examine com-
parative advantages of the European Union (EU) countries in 254 research areas and their
development from 1998 to 2018, focusing mostly on the split into the old and new EU
members and their convergence. The results confirm that there has been convergence inside
the groups as well as between the groups. EU researchers from different countries now
publish papers in more similar research areas and the countries’ research-area mix is more
coherent than before. The EU has increased its comparative advantage in the majority of
research areas in the field of Science and in almost all research areas in Social Sciences and
Arts and Humanities in the last two decades. On average, the growth has been faster in new
members than in old members. Science is still the dominant source of comparative advan-
tage for the bloc, but Social Sciences and Arts and Humanities are set to challenge its lead.

Keywords Academic publishing - Web of science - Comparative advantage - RCA -
European Union
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Introduction

For nearly two decades now the European Union has followed the goal of trying to
“become the most competitive and dynamic knowledge-based economy in the world”
(European Commission, 2000). It has set out to establish a European Area of Research
and Innovation, harvesting the synergies of individual national research systems working
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together. Numerous measures were taken to stimulate a catch-up process in countries
which were soon to become new members of the bloc. Increased mobility of researchers
via Erasmus and COST, or a separate “Widening and Strengthening” part of the framework
programs are just the most well-known examples. Overall, the competitiveness strategy has
had mixed success (Rogge, 2019), but studies suggest that an internal market for research
has, at least partially, been achieved (Makkonen & Mitze, 2016).

While multiple papers have tried to assess the development of EU’s research com-
petitiveness (e.g. Leydesdorft, 2000; Pastor et al., 2015), only a handful have studied the
intra-EU convergence of research between the “old”! and the “new”? member states. This
is where our contribution finds its place in literature. The goal of the present paper is to
quantify the scientific comparative advantages of the EU countries across various research
areas and assess their development over time with a special focus on possible convergence
between the old and the new member states. Such a research has a double importance.
First, knowing advantages will allow policy-makers and research institutions to take meas-
ures to either further strengthen them or to support other desirable research areas with a
current disadvantage. Second, measuring comparative advantage convergence will be an
additional pebble in the mosaic of testing the “internal market for research” hypothesis. As
will be seen later, theoretical arguments can be made for both intra-EU comparative advan-
tage convergence and divergence.

The paper uses a variant of the Revealed Comparative Advantage index, applied origi-
nally in economics (Balassa, 1965) and introduced to scientometrics by Lattimore and
Revesz (1996). The concept is mathematically similar to the more widely used activity
index (Rousseau & Yang, 2012).

The paper is divided into seven sections adhering to the usual structure. Introduction is
followed by two sections offering literature review of the revealed comparative advantages
concept and research convergence in the European Union. Section ““Data and methodol-
ogy’’ focuses on data and methodology. The results are presented and discussed in sec-
tions ~"The development of RCA in the European Union’’ and “*Discussion: convergence
between the old and new countries’’. Finally, the last section concludes and provides ideas
for further research.

Literature review: revealed comparative advantages

Revealed comparative advantages is a concept known mostly from international econom-
ics, but it has also found use in an array of other fields. Its original version was developed
by Balassa (1965) trying to quantify the extent of comparative advantage the countries had
in exporting individual products. The index can be calculated as
Xi
RCA, = — 2%

i C ¢
1

PIDNES

! Countries which entered into the EU before 2004: Austria, Belgium, Denmark, Finland, France, Ger-
many, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden and the UK. As the paper
is based on data up to 2018, the UK is still considered a member of the EU.

2 Countries which have entered into the EU since 2004: Bulgaria, Croatia, Cyprus, Czechia, Estonia, Hun-
gary, Latvia, Lithuania, Malta, Poland, Romania, Slovakia and Slovenia.
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where x{ is export of product i by country ¢. The numerator can be described as a product’s
share on country’s total exports. The denominator is the product’s share on global exports.
The index takes values from zero to infinity, the crucial point being 1 — values larger than 1
mean the country has a revealed comparative advantage in the product, while values lower
than 1 mean the country has a revealed comparative disadvantage in the product.

Despite its wide use, the acceptance of RCA is far from universal. Numerous shortcom-
ings of the index have been identified, including but not limited to asymmetry, variabil-
ity and inconsistency (Yeats, 1985). As a result, alternative indices have been proposed,
such as Symmetric Revealed Comparative Advantage (Laursen, 2015), Weighted Revealed
Comparative Advantage (Proudman & Redding, 2000), Additive Revealed Comparative
Advantage (Hoen & Oosterhaven, 2006) or Normalized Revealed Comparative Advantage
(Yu et al., 2009). These will be discussed in detail in ““Data and methodology’’ section.

The RCA index has enjoyed considerable popularity in economics due to its simplic-
ity, easy calculation and interpretation (Balance et al., 1987). Apart from its usual role in
international trade (OECD, 2011; Yue & Hua, 2002, and hundreds of other studies) it has
been used to analyze investment (Feliciano & Lipsey, 2017) or technological specializa-
tion (Malerba & Montobbio, 2003). Applications outside of its field of origin include cli-
mate policy (Boehringer et al., 2017), historical studies of technological innovations (Streb
et al., 2006) as well as information science (Radosevic & Yoruk, 2014).

The use of RCA in scientometrics was introduced by Lattimore and Revesz (1996).
They used numerous indicators to analyze the performance of Australian science by scien-
tific field. They applied the usual RCA logics from economics implicating that “a country
has a revealed comparative advantage in a field if the share of that country’s papers or cita-
tions in that field is much higher than the world share of papers or citations in that field”
(p- 9). They enumerated the fields where Australia had a comparative advantage, but also
made an interesting conclusion that only a weak positive correlation existed between com-
parative advantage in a field and quality.

Since Lattimore and Revesz (1996), a few papers borrowed RCA for scientometric anal-
yses. Chuang et al. (2010) conducted a study of 26 mostly developed nations, calculated
their RCA in 24 scientific fields and applied clustering methods to observe and compare
scientific performance of the nations. Harzing and Giroud (2014) published an analogous
research based on a set of 34 countries and 21 scientific fields. Similar to the previous
paper, the choice of the countries was somewhat random. Both studies came to some inter-
esting conclusions regarding country clusters with different RCA patterns, and tried to
explain the causes of these differences. Lee et al.’s (2011) database consisted of 25 coun-
tries. They used RCA for clustering purposes in their study of correlation between research
and economic growth.

Arguably the most encompassing research effort applying RCA was undertaken by
Radosevic & Yoruk (2014) who explored the changes in science-output patterns in sev-
eral world regions for the period 1981-2011. Their RCA statistics was based on 21 “broad
disciplines” and included publications as well as citations. On the whole, they concluded
that the center of the scientific gravity has been shifting towards the Asia—Pacific, but also
noticed some subtler changes in Europe, namely sings of convergence of the post-socialist
countries of Central and Eastern Europe with the rest of the world and their divergence
from declining science output of other former USSR countries.

Other papers employed RCA in a simple one-country setting. Wang (2016) used the
index to observe the rising quantity and quality of China’s scientific output between 2005
and 2013, thus confirming an earlier report by Huang and Tian (2014) which had applied
a similar method. Wang and Wang (2017) were interested in scientific collaborations of
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Chinese and European authors. They noticed that these collaborations lead to an improve-
ment in the RCA scores of China, but not necessarily in the RCA scores of the European
Union countries. Horta (2018) focused on Hong Kong and Singapore and found out their
“scientific wealth” has been decreasing recently. Lee et al. (2012) studied Taiwan, but were
interested in the bibliometric analysis of agriculture-related fields only. Most recently,
Horta and Shen (2019) used RCA to assess the evolution and current situation of the Chi-
nese research system. In general, a half of the papers applying RCA in scientometrics focus
on research in Chinese-speaking regions.

Literature review: research convergence in the European Union

Dozens of research papers have been published on different aspects of research out-
put of the European Union. Some of them offer a complex scientometric analysis (Pas-
tor et al., 2015), others compare the bloc’s scientific performance with USA (Albarran
et al., 2010; Herranz & Ruiz-Castillo, 2013), China (Basu et al., 2018) or both (Leydes-
dorff et al., 2014), yet others focus on partial regional-level (Murashova & Loginova, 2017)
or research-area-level issues (Micheli et al., 2011). Interestingly, despite the fact that in
other fields of science, social sciences and humanities there have been hundreds of research
attempts to study convergence between the “old” and the “new” EU members, i.e. to quan-
tify whether there has been any catching-up process related to the new members’ entry into
the EU, this type of literature is scarce in the field of scientometrics.

Three years after the largest enlargement of the EU Glinzel and Schlemmer (2007)
published the first study offering a glimpse into how the new EU members from Central
and Eastern Europe fare on the EU scientific market. They analyzed changes in authorship
structure, i.e. whether the old “socialist” pattern of high share of papers published by acad-
emies of sciences still prevails, or whether there has been a move closer to what they call
the “Western mode” — a stronger collaboration with universities and industry. Even though
all their data is pre-enlargement, they show that the latter is true and conclude that slow
process of European homogenization and convergence has been taking place.

Teodorescu and Andrei (2011) focused on international co-authorship of papers and
their impact on citations. They identified an increase in the share of intra-EU research col-
laborations and highlighted how joint publication with scholars from old EU members
raise the citation impact of new countries. However, they did not calculate any specific
convergence indicators.

Cecere and Corrocher (2013) studied international projects and have shown that R&D
cooperation among old members is stronger and much more frequent than cooperation
among new members or between the two groups. Contrary to the previously mentioned
papers, they were not able to find any traces of convergence.

Pastor et al. (2015) proposed a new composite indicator of quantity and quality of
research. They tested it on data for European higher education institutions for 1996-2010.
They found that the situation among EU countries is “highly diverse”, but they also indi-
cated that to a certain extent convergence appears to be underway.

Makkonen and Mitze’s (2016) paper is the most recent example. Their research con-
cerns the level of co-publication intensity among authors from old and new EU members.
They applied Difference-in-Difference approach using data for 1991-2012 and came to the
conclusion that entry of the new countries into the EU increased the co-publication inten-
sity between the old and new members (with the exception of Bulgaria and Romania) and
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this increase was statistically significant. Moreover, the number of co-publications among
new member countries has surged as well.

As can be seen, the papers usually focus on co-authorship of scientific publications or
international projects. The majority of them compare results of the old and the new mem-
ber states, the latter being either referred to as EU-12 (before Croatia’s accession to the EU
in 2013), EU-10 (before the 2007 enlargement) or CEE-8 (Central and Eastern Europe;
before 2007 and excluding Malta and Cyprus). Only few papers study a single country,
such as Hirv’s (2018) research on Estonia or Szalavetz’s (2014) analysis of innovation pat-
terns in Hungary. Importantly, the studies use different methods and come to different con-
clusions. Predictions that “there is no doubt that entrance into [the] European Union will
boost research cooperation of new member states with the core of EU” (Marshakova-Shai-
kevich, 2007, p. 14) have not been verifiably fulfilled.

We are not aware of any published paper which would investigate the development of
old and new member states’ comparative advantages in scientific publishing before and
after the EU enlargement(s).

Data and methodology

The research presented in this paper is based on Web of Science (2019) Core Collec-
tion data for years 1998, 2008 and 2018, extracted from the database in June 2019. The
years were chosen to be equidistant from each other, the first being well before the larg-
est enlargement in the history of the European Union, the second right after Romania and
Bulgaria joined the bloc to make it EU-27, and the third the last one available at the time
of writing. We decided against using time series data for the whole period, as this would
bring only marginal benefits not offsetting the disproportionately higher resource demands
of the data analysis. We will mostly use data for 1998 and 2018. Document type was set to
“article”. We extracted papers published by 28 current EU members using the “countries/
regions” menu. Papers with authors from multiple countries were assigned to each of the
countries, hence appearing more than once in our database. As a result, the total number of
articles in the database is higher than the real number of articles published.

We are aware that the Web of Science is not an ultimate database which would include
all the research papers published anywhere in the world. Indeed, it is relatively highly
selective and in the past used to focus mostly on “Western” journals. While it definitely
cannot be considered “a seal of quality”, it provides a useful filter of academic papers and
in many EU countries academic career advancement is based on papers indexed in the
WoS. Another alternative which could be used is Elsevier’s Scopus — a database similar
to the WoS with a significant overlap with it. We believe both of the alternatives would
be suitable for the current research, but chose to use the WoS due to its (in our opinion)
superior analytical capabilities and higher number of years in operation. One service which
arguably includes a wider range of papers than both WoS and Scopus is Google Scholar,
but it is not a database and hence does not offer the required analytical tools.

The dataset used is based on 254 research areas as defined by Thomson Reuters in the
Web of Science (2019). Each one of these belongs to a citation index (Arts & Humani-
ties — AH, Science — SC or Social Sciences — SS). In nine cases, one area is assigned to
more than one index; these instances were treated separately and the authors of the paper
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selected the principal index for each.® The final set consists of 28 AH, 176 SC and 50 SS
research areas. Its basic descriptive statistics can be seen in Table 1.

Throughout the paper, we consistently consider all the EU members which entered the
bloc before 2004 as “old members” (15, including the UK) and the ones which have entered
since 2004 as “new members” (13). This is in line with the usual practice, and implicitly
accepts that there are significant differences between the EU-15 and the countries admitted
in the so-called Eastern enlargements. These differences encompass economic situation,
political climate, cultural factors and — crucially for our paper and as also evidenced in the
literature review section — research outputs and environment.

The calculation of RCA is relatively straightforward, using the approach known from
international economics and presented in " Literature review: revealed comparative advan-
tages’’ section of this paper. The share of a country’s papers in a given research area is
divided by the share of the world’s papers in that research area, i.e.

P,
TP,
"'" XiP

X XP

RCA

where P¢. is the number of articles in research area r published by country ¢ in a given
year. As can be seen from the equation, RCA is a relative measure which needs to be cal-
culated separately for each country and each research area. It does not depend on coun-
try size, but rather on how each country divides its research activity compared to how the
world does. For example, if 1% of a country’s research output is in Astronomy, but the
world average for Astronomy is just 0.2%, the country has a revealed comparative advan-
tage in Astronomy with the respective RCA value being 5. Conversely, if just 0.1% of a
country’s research output is in Astronomy, then it has a revealed comparative disadvantage
in the field with RCA of 0.5.

Even though the above form of the index has been used by multiple papers, it suffers
from asymmetry, variability and inconsistency (Yeats, 1985). In economics there has been
a lively debate on shortcomings of RCA and numerous new indices have been proposed.
Interestingly, this has not been the case in scientometrics. None of the published papers,
with the notable exception of Rousseau and Yang (2012), focuses on this issue. Rousseau
and Yang (2012) subjected the so-called “activity index” (a concept very closely related to
RCA) to a thorough mathematical scrutiny and point out some of its theoretical problems.
However, they do not offer solutions. Therefore, we have to turn to economic literature
again.

The RCA scrutiny follows two main directions: one branch of authors makes simple
changes to the index to address selected statistical deficiencies; another group offers more
robust alternatives. The first approach has led to several new indices. Weighted RCA was
proposed by Proudman and Redding (2000) to cope with the fact that the original RCA’s
arithmetic mean across sectors (or research areas in our case) is not usually equal to one.
Hoen and Oosterhaven (2006) achieved stability of the mean by a different approach called
additive RCA, substituting the multiplicative character of the index for subtraction. Yu
et al. (2009) tried to guarantee comparability of the index over time and across countries,

3 For example, research area “History — Philosophy of Science” belongs to all three citation indices. We
decided to place it in the AH category, taking into account that both “History” and “Philosophy” are in the
same.
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and developed normalized RCA. Finally, Laursen (2015) tackled the asymmetry problem
by subtracting one from RCA and dividing it by RCA 4 1. At the other end of the specter,
Costinot et al. (2012) offered what they “humbly” referred to as a “theoretically consistent
alternative” to Balassa’s RCA. Their work diverged significantly from the original index
and is based on OLS estimation of different types of bilateral-trade-flow fixed effects. Sim-
ilarly, French (2017) ventured into the world of gravity modeling to deliver his version of
the index.

Despite the relatively high number of alternatives to the original RCA index, none of
them is perfect (Sanidas & Shin, 2010). Moreover, the more robust of them cannot be
applied to scientometrics as they require country-level data on both sides (export and
import); publishing, obviously, is not a bilateral flow. Consequently, in this paper we will
use Laursen’s (2015) symmetric RCA (SRCA). It is straightforward to compute, solves the
asymmetry problem and allows easy comparison. It can be calculated as

srca,, = R~ 1
" RCA, +1

Its values range from -1 to 1, where zero is the breaking point between comparative
disadvantage and comparative advantage. SRCA is calculated for 15 old EU member states
and 13 new EU member states for each of the above mentioned 254 research areas for
1998, 2008 and 2018. In further text the values of SRCA indices are analyzed and com-
pared using standard statistical methods.

To study convergence, two approaches are taken. The first approach consists of cal-
culating sigma-convergence of comparative advantages for each research area across all
countries, and across old and new countries separately. The second approach is a bit more
computation intensive. It requires us to construct arrays of SRCA indices by research area
for each country. Spearman rank correlation is applied for each country pair and compared
across time. Then sigma-convergence of the same arrays in different country blocs is calcu-
lated and compared across time. Unlike some other convergence indicators (such as beta-
convergence) sigma-convergence is easy to calculate, standardized and does not lead to
diametrically different results when different specifications are used (Quah, 1993). We fol-
low the most frequent method of its calculation — the coefficient of variation defined as the
standard deviation divided by the mean of the sample.

It is important to note that we do not predict in advance whether convergence or diver-
gence will be found to be present due to the fact that two conflicting theories are possible.
On one hand, the East—West integration of Europe can be expected to strengthen interna-
tional scientific cooperation and hence should lead to convergence of research structures
(and comparative advantages) among countries. On the other hand, however, integration
can lead to a higher level of specialization, meaning countries will focus more on utilizing
the comparative advantages they already possess, possibly creating regional research clus-
ters; this would lead to divergence of comparative advantages on the EU-level. The present
research will offer a hint indicating which one of the two conflicting theories prevails.
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Fig.1 Research areas by their share on old and new members’ total publications in 1998 (left) and 2018
(right). Note: The diagonal line represents equal share on total publications in both new and old member
states group. AH — Arts & Humanities, SC — Science, SS — Social Sciences. Source: Own elaboration

The development of RCA in the European Union

Between 1998 and 2018, the number of papers published by authors from the European
Union has increased more than two-fold (Table 1). Similar to the situation in the USA, the
growth has been slower than the world average, which can be explained by huge accel-
eration of publication efforts of developing countries.* Old and new EU members have
followed different paths, the latter growing significantly faster (3.5 times compared to 2.3
times). Interestingly, on a country level, the best performer was an old member (Luxem-
bourg, 17.7 times) and the worst performer was a new member (Bulgaria, 1.7 times), well
in contrast with the general trend. Luxembourg’s high growth rate was caused by its very
low starting point and subsequent changes in research infrastructure in the last two dec-
ades, which can be witnessed by the establishment of the University of Luxembourg in
2003 and the Luxembourg Institute of Science and Technology in 2015, currently the larg-
est research institutions in the country. Bulgaria’s slow pace is due to its relatively high
starting point linked to strong research tradition in physics and chemistry, several national
journals indexed in Web of Science even in the 1990s, and meager changes to scientific
career advancement requirements. In addition, Bulgaria has had problems with science
funding and related corruption (Vesper, 2018) and it was found to lag behind even in other
studies (Makkonen & Mitze, 2016).

The highest rate of growth in every single country studied was recorded in the fields
of Arts & Humanities and Social Sciences. The reasons include a switch from tradition-
ally published monographs (Hammarfelt, 2014) to publishing more scientific articles, and
a higher number of newly founded journals in these two fields (Sdnchez-Gil et al., 2018).
This can be visually observed in Fig. 1, where boxes representing individual research areas

4 In the same period, India’s publication output has increased 5.6 times and China’s a whopping 20.3 times.
Their starting bases were much lower than the starting base of the EU or USA, hence this faster growth is
not surprising.
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Table 2 Top 10 research areas by SRCA in old and new EU members in 1998-2018 (overall). Source: Own
elaboration

Old members New members
1998 1. Physics nuclear (SC) 1. Literature Slavic (AH)
2. Physics particles fields (SC) 2. Physics nuclear (SC)
3. Astronomy astrophysics (SC) 3. Chemistry multidisciplinary (SC)
4. Allergy (SC) 4. Physics particles fields (SC)
5. Rheumatology (SC) 5. Materials science textiles (SC)
6. Hematology (SC) 6. Chemistry analytical (SC)
7. Dermatology (SC) 7. Spectroscopy (SC)
8. Anesthesiology (SC) 8. Physics multidisciplinary (SC)
9. Physics atomic molecular chemical (SC) 9. Physics atomic molecular chemical (SC)
10. Geography physical (SC) 10. Mathematics (SC)
2018 1. Astronomy astrophysics (SC) 1. Literature Slavic (AH)
2. Physics particles fields (SC) 2. Physics particles fields (SC)
3. Allergy (SC) 3. Physics nuclear (SC)
4. Paleontology (SC) 4. Agricultural economics policy (SC)
5. Evolutionary biology (SC) 5. Materials science paper wood (SC)
6. Physics nuclear (SC) 6. Astronomy astrophysics (SC)
7. Rheumatology (SC) 7. Folklore (AH)
8. Archaeology (AH) 8. Forestry (SC)
9. Hematology (SC) 9. Engineering marine (SC)

10. Neuroimaging (SC) 10. Logic (SC)

AH Arts & Humanities, SC Science, SS Social Sciences

within SS and empty circles representing research areas within AH are gradually moving
towards right and up, signifying higher share in total publications in 2018 (right chart) than
in 1998 (left chart). In EU, the share of AH and SS in total publications has jumped from
5.6% to 15.7% in the respective period.

Another interesting thing to mention (Fig. 1) is that the vast majority of AH and SS
markers lie above the diagonal line, i.e., Arts & Humanities and Social Sciences have a
higher share on total publications in old EU members than in the new EU members. The
finding is in line with literature which has noticed that the socialist publishing pattern of
many of the CEE countries was skewed towards “hard science” (Glidnzel & Schlemmer,
2007), or “fundamental science” as some have called it (Radosevic & Yoruk, 2014); much
more so than in the West. Not only was this preferred by the governments, it also had
an additional advantage for the authors of being less ideologically dependent and hence
socially “safe”. Consequently, 82% of AH research areas and 86% of SS areas had a higher
importance in old EU members than in the new EU members in 1998. While the former
has decreased to 68% in 2018, the latter has increased even further to 94%. It might there-
fore appear that the gap has not been closing and especially Social Sciences continue to
play merely a minor role in the scientific landscape of the new members. However, this
conclusion could prove to be shortsighted without further analysis. This is why we turn our
attention to comparative advantages.

The list of research areas with the highest values of SRCA is dominated by Science
(Table 2). Social Sciences and Arts & Humanities have only a very marginal presence both
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Table3 Top 10 research areas by SRCA in old and new EU members in 1998-2018 (country level).
Source: Own elaboration

Old members New members

1998 Limnology (SC) 0.92 LUX Green sustainable sc. tech. (SC) 0.97 MLT
Virology (SC) 0.92 LUX Development studies (SS) 0.96 MLT
Medical labor. technology (SC) 0.85 LUX  Anthropology (SS) 0.95 CRO
Folklore (AH) 0.80 AUT Materials sc. composites (SC) 0.94 LAT
Mycology (SC) 0.75 LUX  Literature Slavic (AH) 0.92 CZE
Medical ethics (SC) 0.75 BEL Social issues (SS) 0.92 CRO
Materials sc. paper wood (SC) 0.74 FIN Materials science textiles (SC) 0.92 CRO
Anesthesiology (SC) 0.74 AUT Public administration (SS) 0.90 MLT
Construction building tech. (SC) 0.71 LUX Physics particles fields (SC) 0.90 CYP
Forestry (SC) 0.69 FIN Nursing (SC) 0.90 MLT

2018 Literature British Isles (AH) 0.80 IRE Folklore (AH) 0.96 EST
Poetry (AH) 0.78 IRE Literature Afr. Austr. Can. (AH) 0.95 LAT
Urban studies (SS) 0.74 LUX Literature Slavic (AH) 0.93 CRO
Logic (SC) 0.74 LUX  Literature Slavic (AH) 0.90 SLO
Regional urban planning (SS) 0.72LUX  Physics particles fields (SC) 0.89 LAT
Literature romance (AH) 0.67 SPA Literature Slavic (AH) 0.89 SVK
Materials sc. paper wood (SC) 0.67 FIN Agricultural econ. policy (SC) 0.88 ROM
Physics particles fields (SC) 0.66 GRE Obstetrics gynecology (SC) 0.87 MLT
Social sc. math. methods (SS) 0.64 LUX Materials sc. paper wood (SC) 0.86 SVK
Folklore (AH) 0.64 FIN Physics nuclear (SC) 0.85 LAT

Research area (citation index/field) RCA score (country code)

in the old and new EU members, occupying one (old) or two places (new) in top 10 in
2018, namely Slavic Literature, Folklore and Archaeology. This is not entirely unexpected
considering the much higher number of SC research areas and their longer historical tra-
dition, as shown previously. Several fields of physics stand out, supplemented by a few
medical areas in the old and engineering in the new member states. Even if average values
of SRCA are taken, SC scores far better in the European Union than SS and AH do.’ This
finding is similar to what Radosevic & Yoruk (2014) observed in their study of RCA in
several global regions, where Science had higher comparative advantage than Social Sci-
ences in every single region in the world (including EU-15 and CEE) with the sole excep-
tion of North America.

The scene is a bit different if SRCA values for all research areas and all countries are
separated and ranked in a joint list (Table 3). The dominance of SC, which was still clearly
visible in 1998, disappears in 2018 when AH comes to the forefront. It is perhaps not

5 Average SRCA values in the European Union were the following: In 1998, AH -0.45; SC -0.10; SS -0.39.
In 2018, AH -0.13; SC -0.02; SS -0.07.

Average SRCA values in the old members were the following: In 1998, AH -0.37; SC -0.02; SS -0.24. In
2018, AH -0.07; SC -0.01; SS 0.08.

Average SRCA values in the new members were the following: In 1998, AH -0.56; SC -0.18; SS -0.56. In
2018, AH -0.19; SC -0.03; SS -0.21.

Please note these are not weighted averages, but simple averages of all research areas within the field.
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Fig.2 Split of top 10 research areas by SRCA in 1998-2018. Note: AH — Arts & Humanities, SC — Sci-
ence, SS — Social Sciences. Source: Own elaboration

surprising that different sub-areas of literature steal the show — who else should have a
comparative advantage in Slavic Literature if not Slavic nations, who in Romance Litera-
ture if not Romance nations etc.? In fact, taking a summary table of top 10 research areas
for each of the 28 countries in 2018, 16.4% of the items are AH (despite representing only
11.0% of the research areas). Twelve of them are literature, in 10 cases being a country’s
top research area by SRCA. Social Sciences have also increased their position, mostly in
the old member states.

Country-level split of top 10 research areas by SRCA further shows that Austria is cur-
rently the only EU member country where all the positions are taken by SC (Fig. 2). SS
and AH have the majority in six countries, compared to two countries in 1998. The United
Kingdom - traditional mecca of modern-day Social Sciences, Arts & Humanities® — has
been joined by Ireland, Luxembourg, Spain, Cyprus and Lithuania.

We have noticed earlier in the paper that the average non-weighted SRCA across all
research areas remains negative in the EU. Despite this, the trend is positive (Fig. 3 left).It
should be noted that negative average SRCA is not necessarily a problem and one cannot
transform it to the conclusion that the EU’s research is not competitive. It is logical that
there are usually more areas with comparative disadvantage than with comparative advan-
tage — a country simply cannot be good in too many things at once. Moreover, areas with
disadvantage are often completely neglected, while in areas with advantage the competition

® Economics, Linguistics or Geography are just a few examples of research areas which are considered to
have been born in the UK.
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is usually fierce, hence negative SRCA scores tend to be more distant from zero than posi-
tive SRCA scores. This is a well-known fact from the trade literature, the home of the
RCA. For example, in 2016, average SRCA of the world trade (222 countries/regions and
255 merchandise items) was -0.55. Even such a trade giant as Germany had a negative
average SRCA of -0.15 (own calculations based on UNCTAD data).

Returning to application of SRCA in scientometrics, in 22 out of the 28 EU members
there has been an increase in the average indicator value in the last two decades. The only
two countries with a positive average SRCA are currently the UK and Malta. Interestingly,
in 1998 there were five of these countries, which means that in several of them average
SRCA must have turned negative since then. The explanation of this seemingly undesirable
development lies in the fact that these are mostly small countries which were active only in
a relatively low number of research areas in 1998, whereas now their publication patterns
are much more diversified. As clarified before, higher number of research areas increases
the number of areas with disadvantage (not their share), where SRCA values tend to be
more distant from zero than in the ones with advantage, mathematically leading to lower
overall average. It can also be argued that countries might be trying to establish themselves
in new research areas, which is necessarily connected with low starting point and a hoped-
for higher future SRCA values.’

The positive trend is even more obvious when looking at shares of research areas with
positive SRCA (Fig. 3 right). This has increased in every single country except for Bulgaria
where it is stagnant; the problems of Bulgarian science are well known (Vesper, 2018).

7 The countries with positive SRCA values in 1998 are: Luxembourg (average SRCA 0.27 in 65 research
areas, now -0.05 in 207), Cyprus (0.15 in 105, now -0.05 in 228), Estonia (0.01 in 154, now -0.04 in 226),
Latvia (0.04 in 95, now -0.04 in 196) and Malta (0.46 in 57, now 0.02 in 181).
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In 1998, there were nine research areas where no (current) EU country had a positive
value of SRCA. In 2018, there was only one such research area left.® Also, in 1998, on
average 8.5 countries had a revealed comparative advantage in a research area, and in 8
research areas the comparative advantage was shared by at least 20 countries (Fig. 4).
In 2018, these numbers increased to 11.4 and 24. There are currently two research areas
where only a single EU-28 country does not have a revealed comparative advantage:

8 The research areas in 1998 were: Architecture, Art, Asian studies, Engineering marine, Family studies,
Film radio television, Law, Literature American and Psychology clinical. In 2018 the sole one remaining
was Literature American.
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these are Astronomy astrophysics and Physics particles fields (in both cases the country is
Luxembourg).

In line with some previous conclusions, especially AH and SS have gone a long way
since 1998 with none of the research areas in these fields decreasing its number of EU
members with positive SRCA in the last two decades. From among Social Sciences Eco-
nomics and Business have reached the highest progress, jumping from 10 to 25 countries
and from 2 to 21 countries. Presumably, in case of these two research areas the general
positive trend has been further strengthened by the reforms of evaluation systems under-
taken in numerous new member countries (Grancay et al., 2017). In Arts & Humanities,
Archaeology has been the most successful area (from 7 to 24).

The rising comparative advantage of EU’s research in SS and AH can be strongly evi-
denced by analyzing full SRCA data for each research area in 1998 and 2018 (Fig. 5).
Among the old member states, there has been an increase in SRCA of every single AH
research area except for Folklore and every single SS research area except for Ergonomics.
Among the new member states there is only one AH area and five SS areas with negative
development.’ Comparative advantage of the majority of SC research areas has also grown,
but the ratio has been much lower here: 51% SC research areas for old and 67% for new
member states. Importantly, average SRCA growth was of a higher magnitude than average
SRCA decrease, so the general trend is positive even in the field of Science.'”

Several main patterns of scientific development in the EU could be clearly identified in
the analyses presented so far:

e The number of papers published by EU authors is growing. The growth is faster in SS
and AH than in SC, and faster in new members than in old members.

e The EU has enlarged its share in global publication activities in the majority of research
areas in SC and in almost all research areas in SS and AH, meaning it has increased its
revealed comparative advantage in these research areas. On average, the growth has
been faster in new members than in old members.

e The EU has traditionally had the largest comparative advantage in research areas
belonging to the field of SC. In the last two decades, SS and AH have challenged the
SC’s dominance.

None of these findings is unexpected. Global and regional increase in scientific publi-
cation activity is a well-researched fact, and even though literature does not offer a com-
plex analysis of EU’s scientific comparative advantages, increased dynamics of non-SC
research areas has already been observed in the EU as well as in other countries (Radosevic
& Yoruk, 2014; Wang & Wang, 2017).

It must be taken into account that our results are also a consequence of the WoS index-
ing policies. It is a well-known criticism that the database over-represents English-language
journals (Mongeon & Paul-Hus, 2015), which it has reacted to by launching an “Eastern
enlargement” (Grancay et al., 2017) in the recent years. To minimize the effect, we only
included Core Collection articles in the analysis. However, during the 20 years studied the

 AH: Literary Reviews. SS: Anthropology, Ethics, Psychology Multidisciplinary, Sociology and Urban
Studies.

19 In old members, average growth of SRCA in SC research areas was 0.11 and average decrease -0.09. In
new members, average growth of SRCA in SC research areas was 0.31 compared to average decrease of
-0.16.
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number of journals covered by the Core Collection still increased by 278%. We argue this
is not a concern for the current research, similarly as changes in global demand, technolog-
ical progress or decisions of multi-national corporations are not a concern for the validity
of the RCA concept in economics. Comparative advantage (or disadvantage) — irrespective
of the field — is a consequence of numerous factors. In case of scientific publishing these
include, among others, national research policies, university-level strategies and career
advancement requirements as well as indexing decisions of database owners. Whether the
academic community likes it or not, business strategy of the Web of Science significantly
influences individual, institutional and national RCA and will continue to do so as long as
the WoS is seen in many countries as the top scientific database which generates increased
impact by means of visibility and citations.

The preliminary results presented above give a hint of whether there has been any sort
of scientific convergence within the EU or the two groups of countries are moving in the
opposite directions; however, a more robust statistical approach is needed to reach final
conclusions. This will be provided in the next section.

Discussion: convergence between the old and new countries

Two of the most-widely used indicators of convergence are beta-convergence and sigma-
convergence. While the former is directly related to the neo-classical growth theory and
involves estimating a growth equation (Barro & Sala-i-Martin, 1992), hence being strongly
dependent on specification adopted, data available and grouping of statistical units, the lat-
ter studies development of dispersion of an indicator over time, is easier to use and has
lower dependence on specification adopted (Friedman, 1992; Quah, 1993). Moreover,
beta-convergence is a necessary, but not a sufficient condition for sigma-convergence. As
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Table 4 Spearman correlations of SRCA arrays among all EU member states 1998-2018. Source: Own
elaboration

Highest correlations Lowest correlations

1998 France-Italy (00) 0.6900 Germany-Malta (ON) -0.5681
Germany-Italy (00) 0.6709 Malta-Poland (NN) -0.5306
Austria-Germany (00) 0.6637 Austria-Malta (ON) -0.4989
Finland-Sweden (00) 0.6451 France-Malta (ON) -0.4925
Hungary-Poland (NN) 0.6425 Czechia-Malta (NN) -0.4702
Italy-Spain (00) 0.6311 Hungary-Malta (NN) -0.4660
Czechia-Slovakia (NN) 0.6311 Spain-Malta (ON) -0.4363
Bulgaria-Poland (NN) 0.6197 Luxembourg-Poland (ON) -0.4175
France-Spain (00) 0.6142 Malta-Slovenia (NN) -0.4141
Czechia-Poland (NN) 0.6098 Netherlands-Lithuania (ON) -0.4016

2018 Belgium-Netherlands (00) 0.7566 UK-Poland (ON) -0.3929
Austria-Germany (00) 0.7069 Ireland-Poland (ON) -0.3048
Czechia-Slovakia (NN) 0.7060 Ireland-Czechia (ON) -0.2881
Denmark-Sweden (00) 0.6978 UK-Czechia (ON) -0.2693
Netherlands-Sweden (00) 0.6804 Netherlands-Romania (ON) -0.2686
Finland-Sweden (00) 0.6750 Netherlands-Slovakia (ON) -0.2379
France-Germany (00) 0.6587 Malta-Poland (NN) -0.2251
Czechia-Poland (NN) 0.6487 Czechia-Malta (NN) -0.2157
Denmark-Netherlands (00) 0.6429 Netherlands-Czechia (ON) -0.2045
Belgium-Sweden (00) 0.5936 Netherlands-Poland (ON) -0.2004

00 0Old and old member state. NN New and new member state. ON Old and new member state

a result, sigma-convergence calculated as the coefficient of variation will be used in this
section.!!

An important methodological decision is what sigma-convergence should be applied to.
In the usual setting, researchers have a single value of an indicator for each country for
each year and can perform simple calculations in a straightforward way. In our case, how-
ever, there is no single indicator, but an array of values of SRCA for 254 research areas for
each country for each year.!?> We will tackle this situation using two approaches:

e First, similar to Grancay et al. (2015), for each EU member, we will rank all research
areas by SRCA in the decreasing order. We will then compute Spearman correlation
coefficients for all the country pairs and in the last step calculate sigma-convergence of
the SRCA arrays.

e Second, we will compute sigma-convergence for each research area individually. Due to
the nature of SRCA which consists of a mix of both positive and negative values, using
it would not be statistically sound, hence we will need to go back to applying the origi-
nal RCA index (where the values are positive by definition).

1" Some other common methods are Theil index, Atkinson index, Gini index or standard deviation.

12" A single indicator would be helpful for making the calculation easier, but is not really desired as it would
necessarily not be able to hold all the information a full array of SRCA values can hold.
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Fig.7 Average Spearman correlation of SRCA by country (left) and by country and country-pair type
(right) 1998-2018. Note: The diagonal lines represent reference lines with equal values in 1998 and 2018.
Source: Own elaboration

Out of the total of 378 country pairs within the EU,'? the Spearman correlation coeffi-
cient between the SRCA arrays increased in 218 cases (58%) in the studied period (Fig. 6).
The growth was much more frequent in country pairs consisting of one new and one old
member state (64%) than between old members (50%) or between new members (53%).
At 0.168 average correlation growth was slightly higher than average correlation decrease
(0.145).

Without exception, both in 1998 and 2018, the top 10 highest correlations were between
country pairs from the same group, often reaching values higher than 0.60 (Table 4). Apart
from the old couples, such as Austria-Germany, Belgium-Netherlands, France-Italy, or the
Scandinavian countries, which have traditionally had similar comparative advantages and
focus in science, the new member states with similar comparative advantages all belong to
the Visegrad region. This shows that regional research clusters are present. On the other
end of the specter, the majority of country pairs with the lowest values of correlation are
between the groups, or involve Malta. As an island state which is in many ways — including
science — significantly different from the rest of the continent, this is not surprising.

Average Spearman correlation of SRCA by country — calculated for each country as
simple average of 27 correlation values with all other member states — has increased in
the majority of cases in the last two decades (Fig. 7 left). This indicator can be used to
show which EU country has comparative advantages in research which are the closest to
(or which are the furthest away from) the other member states. Austria, Spain, Belgium and
Denmark belong to the first group while Luxembourg, Romania, Malta and Cyprus belong
to the second one.

As for the first group, Austria is a very interesting case. Being a neighboring country
of two old and four new members, it has an ideal position to be the unifying element in
many areas of life. Indeed, keeping its traditional scientific proximity to Germany intact, it
has increased its SRCA correlation with new members in the last two decades. This is par-
tially a result of the numerous grant schemes that support cross-border research between

3 27426+25+...+1.
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Table 5 Sigma-convergence of

All ies 1 Ni
SRCA arrays among EU member countries Old members ew members
states 19.9872018. Source: Own 1998 0.7901 0.5426 1.1190
elaboration
2018 0.3171 0.2838 0.2726

Table 6 Sigma-convergence
of RCA for each research area
1998-2018. Source: Own

All countries Old members New members Total areas

All areas 185 (73%) 183 (72%) 154 (67%) 254

elaboration
AH 12 (43%) 13 (46%) 28 (50%) 28
SC 132 (75%) 122 (69%) 176 (69%) 176
SS 41 (82%) 48 (96%) 50 (64%) 50

Share on total in brackets. Some research areas had no publications
in new countries in 1998, hence cannot show any convergence. These
are excluded from the calculation of share. AH Arts & Humanities, SC
Science, SS Social Sciences

Austrian scientists and their post-socialist foreign partners (such as Action Austria-Slova-
kia, Action Czech Republic-Austria etc.) and its advantageous geographical location. In
a similar fashion, Spain has been increasing its dynamics of scientific networking with
new EU members as well. This supports the results of Teodorescu and Andrei (2011) who
found that Spain has come from zero to becoming one of the most important collaborators
of East European nations between 1989 and 2009. On the contrary, Belgium and Denmark
have been maintaining their higher level of alignment with research in other old member
states without any significant overlap with the new members.

Countries with the lowest degree of SRCA similarity with other EU members are the
two small island states, Luxembourg and Romania. The first three of them are the smallest
EU members, and consequently have a tiny scientific output mostly concentrated in a few
areas. In Malta and Cyprus, some of the highest ranked SRCA areas are related to marine
sciences, where overlap with landlocked countries is hard to find. We have also discussed
the specifics of Luxembourgian science earlier already. An interesting case is Romania
whose position here does not have any ready explanation. Its comparative advantages in
research have low levels of correlation with other new members, and almost no correlation
exists with the old members. The situation has been worsening since 1998. Finding the
exact answer to why this is the case is beyond the scope of the present paper, but previous
research of co-authorship has shown similar pattern, namely gradual decrease of Roma-
nia’s international collaboration (Makkonen & Mitze, 2016; Teodorescu & Andrei, 2011).

In general, if country averages are split into two — i.e. each country will have a sepa-
rate average SRCA correlation with old members and a separate average SRCA correlation
with new members — old members have a higher correlation of SRCA with other old mem-
bers than new members with other new members, and old-new country pairs lag behind
both of these groups; however, the general trend is positive (Fig. 7 right).

The anecdotal hints of convergence presented up to now can be put to test by apply-
ing sigma-convergence to RCA and SRCA arrays among the EU members. Using the
first method and calculating sigma-convergence of average country-level correlation of
SRCA arrays we find out that convergence exists (Table 5). The coefficient of variance
has decreased considerably and the EU countries now have a much more coherent set of
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comparative advantages in research than twenty years ago. The convergence has been
faster within the new-member group than within the old-member group. This is not sur-
prising given a much more varied composition of the former, consisting of several distinct
regional groups such as the Baltic nations, the Visegrad countries or the small island states.
The Visegrad group has the lowest level of variation at 0.16.

The second method — computing sigma-convergence for each research area across all
countries — shows that 185 out of the 254 research areas have a lower value of sigma-
convergence in 2018 than in 1998, i.e. there is lower variance now than before. The higher
share of converging than diverging research areas applies to the EU as a whole, but also
to the old member states (183 areas converging) and the new member states (154 areas
converging) separately (Table 6). Strong convergence can be seen in the areas of Social
Sciences and Science. On the other hand, Arts & Humanities seem to be diverging slightly.
The reason for this can be found in the low number of publications in AH (as seen in
Table 1). Some of the AH research areas are very narrow, i.e. only a handful of countries
publish in them and even then they only publish a handful of papers. Average number of
papers per research area per country in AH was 10 in 1998, increasing to 52 in 2018. This
compares very unfavorably to SS (16; 115) or SC (104; 220). Consequently, SRCA values
have a much higher cross-national volatility. Another reason of the lower AH convergence
is — as we have already noticed — a higher share of region-specific research areas than in
other fields, such as different types of Literature (Romance, Slavic, German etc.).

On the overall level, convergence was confirmed to exist using both approaches. This
supports the conclusions of Makkonen and Mitze (2016) who found convergence of co-
publication intensity in the EU, or Pastor et al. (2015) who observed traces of convergence
in quantity and quality of research output of European higher education institutions.

Having established that there is convergence, a different question should be asked: To
what extent is convergence necessary? Obviously, creation of a single European research
area does not mean that all the countries will have comparative advantages in the same
research areas. This would not be desirable. On one hand, similar comparative advantages
strengthen the respective areas and bring synergies. On the other hand, however, as is the
case in trade and numerous other fields, different regions have different history and under-
lying potential, hence comparative advantages which take into account regional specifics
should be sought. It follows that divergence of SRCA is not necessarily a bad sign.

Caution has to be taken when trying to reach conclusions about the causality of the
relationship. We have found evidence that convergence exists but we have not used any
statistical methods which could confirm that it was induced by the countries’ membership
in the European Union. It appears likely, but is far from certain. Other factors have played
an important role in the world of science, such as the general boom of Social Sciences and
Arts & Humanities, “Eastern enlargement” of the citation databases (Grancay et al., 2017),
strategic decisions by the governments or changes in economic structure which necessarily
lead to changes in scientific focus. Exogenous factors, such as changes in research competi-
tiveness of third countries have surely also had an impact on the EU as well. In the end,
it is the nature of the comparative advantages (and other relative indicators) that they are
determined both internally and externally and a single change in a small country anywhere
in the world influences everyone else.

Co-authorship has also certainly affected our data. In our approach, a paper which is
authored by three researchers from three different countries is counted three times, once
for each country. Robust evidence exists that collaboration in the European Union and
resulting number of co-authored papers have increased significantly in the last two decades
(Makkonen & Mitze, 2016; Teodorescu & Andrei, 2011). Consequently, the higher number
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of joint papers translates into a higher similarity of comparative advantages. However, this
is a natural development connected to globalization of science which should not be of any
concern for the soundness of our concept.

Conclusions

Seventeen years have passed since the biggest enlargement of the European Union.
Between 2004 and today thirteen new members have joined the bloc, increasing its pop-
ulation by a quarter and its size by a third. The number of research outputs has not been
boosted so much. Today the 13 new members participate on the EU’s scientific publica-
tions with a 12%-share, which is just a small increase of 1 percentage point since 2008
(Web of Science, 2019; own calculations). While this might appear slow, a faster speed
can’t really reasonably be expected. Research systems of many of the new EU mem-
bers were directed by socialist principles for decades, and well into the beginning of the
twenty-first century tenure positions in several countries did not even require journal
publications (Grancay et al., 2017). The inertia is strong and the catch-up process will
take longer time.

The story of comparative advantages is slightly different. In the paper we have
assessed the development of scientific comparative advantages of the old and new EU
members using the SRCA indicator borrowed from international trade and adjusted for
our purposes. The results confirm that there has been convergence inside the groups as
well as between the groups regarding both (1) research areas with comparative advan-
tage and (2) average country-level SRCA correlation. EU researchers from different
countries now publish papers in more similar research areas and the countries’ research-
area mix is more coherent than before. The EU’s comparative advantages have grown in
the majority of research areas since 1998, faster in Social Sciences and Arts & Humani-
ties than in Science, and faster in new members than in old members.

The results also confirm what Glénzel and Schlemmer (2007) stated a decade ago:
Although convergence is taking place, individual countries have maintained their par-
ticularities. This is a positive sign. “United in diversity” is the EU’s multidimensional
motto, which in science can be translated to mean that one does not create competitive-
ness by suppressing regional differences and supporting uniformity. Quite the opposite,
the richness and long-term success lie in respecting local comparative advantages. The
EU has understood it and supports multinational education and research, and interdisci-
plinary approaches combining Science, Social Sciences and Arts & Humanities through
programs such as Horizon Europe, Erasmus + etc.

The paper presented the first research of scientific comparative advantages of the
EU and their development on national level. As such, it is of invaluable importance
for policy-makers and research institutions who can verify whether the current status
quo is in line with their projections, and based on a detailed analysis adjust their pol-
icies and adopt measures to either further strengthen the strong areas or support the
weak ones. Governments can use the scientific RCA to assess whether there is a match
between a country’s economic and research structures and invest into research areas that
could lead to fulfilment of long-term economic goals. While they can arguably do that
even without calculating RCA, it provides a useful tool for measuring progress and can
therefore be considered a vital key performance indicator for strategic plans. On the
EU level, the paper’s insights can be utilized in planning of future research framework
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programs, for example to adjust the so-called widening and strengthening policies and
to direct them towards specific research areas (as opposed to the current setting encom-
passing all fields of SC, SS an AH).

The research could be further expanded in numerous ways. First, it could use alternative
indicators of comparative advantage such as Weighted RCA or Additive RCA. Second, a
longer time period with annual data might be taken into account. Third, the focus could be
put not only on quantity, but also on quality of research, defined either by number of cita-
tions, papers in top journals or other frequently used measure — as Lattimore and Revesz
(1996) noticed, correlation between comparative advantage and quality tends to be weak.
A different database than Web of Science might be used as the main data source to test
whether the results are also valid in a set of papers with different research area structure.
Finally, other, perhaps more complex indicators of convergence could be applied.
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