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Abstract

The world’s largest community of scientists disintegrated following the dissolution of the
Soviet Union. With extremely scarce resources and limited academic freedom as starting
points, researchers in this region have been creating new knowledge; they have been build-
ing on rich scientific traditions in selected disciplines and, at times, paving new paths in
non-traditional disciplines. At present, the cumulative contribution of post-Soviet countries
to global research output is only three percent, indicating that these countries are not key
players on the global research scene. This study uses bibliometric methods to offer novel
empirical insight into the quantity and impact of academic publications; it also looks at the
quality of journals in which the output is published. The findings reveal that fifteen post-
Soviet countries differ considerably in terms of how much they have prioritised research,
as well as the quantity, quality, and impact of their publications. The research productiv-
ity across the region has not been high and, taken together, these countries have produced
publications of considerably lower quality and lower impact when viewed in the context of
global research output. At the same time, researchers from post-Soviet countries tap into
international collaborative networks actively, resulting in an exceptionally large proportion
of publications from this region being internationally co-authored. In the historical context
of Soviet research being known as one of the least collaborative globally, this finding indi-
cates that researchers in the region are attractive to international collaborators and may be
seeking such partnerships due to relatively modest research capacity at home.

Keywords Bibliometric analysis - Research output - Research impact - Quality of journals -
Post-Soviet countries - International collaborations - Mega-collaborations

<l Maia Chankseliani
maia.chankseliani @education.ox.ac.uk

Andrey Lovakov
lovakov@hse.ru

Vladimir Pislyakov

pislyakov @hse.ru
1 Department of Education, University of Oxford, 15 Norham Gardens, Oxford OX26PY, UK
Center for Institutional Studies, HSE University, 11 Pokrovsky Boulevard, Moscow, Russia 109028
3 Library, HSE University, 11 Pokrovsky Boulevard, Moscow, Russia 109028

@ Springer


http://orcid.org/0000-0003-0910-3287
http://orcid.org/0000-0001-8644-9236
https://orcid.org/0000-0002-4889-9858
http://crossmark.crossref.org/dialog/?doi=10.1007/s11192-021-04124-5&domain=pdf

8702 Scientometrics (2021) 126:8701-8730

Introduction

The world’s largest community of scientists disintegrated in the period following the dis-
solution of the Soviet Union. The Soviet Union was the first country to build an atomic
power plant, to launch the artificial satellite, and to send the first human into space. The
Soviet research community was uniform and centralised, highly politicised, and entirely
state-driven. As the Soviet system broke down in the early 1990s, a minority of constituent
republics started exploring the possibilities of establishing their own, new structures and
practices of research. Three decades later, some of the former Soviet countries have not
yet charted their research and development (R&D) strategies. Research achievements from
this part of the world rarely make it into international news. Yet, researchers at universities,
research institutes, and industrial research centres in post-Soviet countries have not stood
still. There exists only a small number of published studies about post-Soviet period cover-
ing either selected countries or regions, such as studies examining the research output from
the Baltic countries (Allik, 2008, 2015; Hirv, 2019; Kristapsons et al., 2003; Lauk & Allik,
2018; Zavadskas et al., 2011), Russia (Kirchik et al., 2012; Markusova et al., 2009; Moed
et al., 2018; Moskaleva et al., 2018; Pislyakov & Shukshina, 2014; Wilson & Markusova,
2004; Yegorov, 2009), post-Socialist Eastern Europe (Kozak et al., 2015), the Caucasus
(Gzoyan et al., 2015), and Central Asia (Adambekov et al., 2016; Yessirkepov et al., 2015).
A recent paper uses bibliometric analysis to compare the productivity of Russian research-
ers with those from other post-Soviet countries (Alimova & Brumshteyn, 2020). A num-
ber of publications analyze research output from post-Soviet countries in selected fields of
studies, such as modern composite materials (Dickenson, 1996), computer science (Fiala
& Willett, 2015), nanotechnology (Karaulova et al., 2016; Terekhov, 2017), psychology
(Lovakov & Agadullina, 2019), and higher education research (Lovakov and Yudkevich
2021). With limited academic freedom and extremely scarce resources as starting points,
researchers in post-Soviet countries continued to create new knowledge; they have been
building on well-established scientific traditions while at times paving new paths in non-
traditional disciplines in social sciences (Temkina & Zdravomyslova, 2003; Weinberg,
2017).

The former Soviet countries had a number of common characteristics in the early 1990s.
The Soviet Union was a world leader in selected disciplines such as physics and math-
ematics; it also had a strong scientific tradition in oceanography, seismology, metallurgy,
magnetohydrodynamics, and chemical catalysis (Graham, 1992). The advancements in
atomic weapons development and space technology, the so-called “big technology”, were
explained by the unprecedented level of centralised government control of personnel and
resources which allowed the Soviet government to focus on selected high-priority projects
(Graham, 1992). Most of the large research projects were concentrated in the urban cen-
tres of the Russian SFSR such as Moscow, Saint-Petersburg, and Novosibirsk as well as
Kiev in the Ukrainian SSR. The Russian Federation subsequently became the legal heir of
the Soviet Union, inheriting a large portion of the Soviet scientific infrastructure (Schnei-
der, 2013). The bulk of the Soviet scientific activity was carried out at research institutes,
affiliated with the Soviet or republican Academies of Science or sectoral ministries. Higher
education institutions had a minor role in research, employing only one third of the R&D
personnel (USSR, 1988).

Similar to other countries where the “collaborative imperative” dominated the hard dis-
ciplines (Kyvik & Larsen, 1997; Lewis, 2013), the military and space research projects
in the Soviet Union were undertaken by large teams of scientists (Kojevnikov, 2002). In
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disciplines such as physics or medicine/epidemiology, mega-collaborations prevailed.
Then and now, mega-collaborations have been a common practice in many countries. Nor-
mally, publications with large numbers of authors tend to be more cited and the impact of
such publications can greatly affect the overall bibliometric indicators for countries, espe-
cially if the country has a small total number of publications (Aksnes & Sivertsen, 2004;
Hirv, 2019; Potter et al., 2020). In contrast, “the lonely scholar” model remains prevalent
in humanities and to a certain extent in social sciences (Kwiek, 2017; Lewis et al., 2012).
Mega-collaborations normally involve researchers from multiple countries. The Soviet
mega-collaborations were different in this respect.

A key characteristic of Soviet research was its seven-decade-long isolation from inter-
national influence. Soviet citizens were seldom allowed to travel abroad (Matthews, 2011).
Hence, opportunities for international collaborations were extremely limited (Kozak et al.,
2015). By and large, research collaborations in the Soviet Union were domestic and the
USSR was recognised as one of the least collaborative countries globally (Schubert &
Braun, 1990). The dissolution of the Soviet Union led to the opening of borders in most
of the former Soviet countries. Yet, building research collaborations from scratch was not
straightforward, considering the researchers’ limited experience of international collabo-
rations, the language barrier, scarce resources available for establishing such collabora-
tions, and the limited knowledge of the global state-of-the-art developments in respective
disciplines.

Following the dissolution of the Soviet Union, 15 countries chose divergent paths of
economic, social, and political development (Chankseliani, 2018; Chankseliani & Silova,
2018a). Higher education and research policy discourses across post-Soviet countries
emphasise global norms, global reputation, and global competitiveness (Chankseliani &
Silova, 2018b). Global is becoming a condition in which individuals, institutions, and
countries aspire to act. Yet, the investments in R&D are not aligned with the aspirations.
The Gross Domestic Expenditure on R&D (GERD) ranges between 0.10 and 0.13% of
GDP in Tajikistan, Kyrgyzstan, Kazakhstan, and Uzbekistan (Table 1). In contrast, Bela-
rus, Latvia, Lithuania, and Russia allocate between 0.61 and 0.99% to R&D. Azerbaijan,
Armenia, Moldova, Georgia, and Ukraine spend between 0.18 and 0.47% of their GDP on
R&D. Estonia spends the largest proportion of its GDP—1.43%—on R&D. In contrast, the
Soviet Union spent far more—6% of Gross Domestic Income—on science (USSR, 1988).

Considering the substantial differences in these countries’ GDP per capita and the popu-
lation numbers, the variation in the GERD as a percentage of GDP translates into vast dif-
ferences in the GERD per capita (Table 1)." Tajikistan, Kyrgyzstan and Uzbekistan spend
$3 to $9 per capita on R&D. In Moldova, Armenia, Georgia, Azerbaijan, Kazakhstan, and
Ukraine, the GERD per capita ranges between $19 and $44. Russia ($275) spends more
than twice as much as Belarus ($121). Finally, the three Baltic States differ significantly
in their per capita investment in R&D, with Latvia spending $193, Lithuania—$333, and
Estonia—3$504.

Academic publishing is a fundamental domain of R&D systems and knowledge produc-
tion as it helps with the formation and maintenance of disciplines and knowledge networks
(Collyer, 2018). As new incentive and reward systems are being introduced, and research

! The UNESCO Institute of Statistics defines GERD per capita as the “total intramural expenditure on
R&D performed during a specific reference period per inhabitant” (UIS 2020a). Intramural R&D expendi-
tures are defined as all current and gross fixed capital expenditures for R&D, irrespective of the source of
funds (UIS 2020b).
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governance is becoming more output-oriented, the policy relevance of understanding the
latest trends and dynamics in the production of research output has been increasing. At
the same time, the research on research has been extremely scarce which means that there
exists very limited scholarly evidence on knowledge production in post-Soviet countries.
This study represents the first attempt of offering a big picture analysis of the quantity,
quality, and impact of academic publications by area of study, by authorship, and by coun-
try. In order to position the research output from this region in the global context, the study
is limited to the analysis of what we refer to as the global domain of research output from
post-Soviet countries.

Data and methods

Bibliometric indicators are widely used in the evaluation of research output by govern-
ments, university administrators, and researchers. At the same time, the institutionalisation
of international databases has supported the development of new knowledge on global sci-
ence (Gingras, 2016; Kwiek, 2020; Martinez & Sa, 2020; Muller, 2018). The present study
contributes to this body of knowledge and uses the Web of Science (WoS) as the source of
the bibliometric data. The WoS is a publisher-independent global database. The composi-
tion of journals indexed in WoS is selective and relatively stable over time which makes it
possible to analyse the dynamics of output and impact reliably (Moed et al., 2018). For the
purposes of this study, the WoS data was complemented with some macro-level indicators
from the UNESCO Institute of Statistics and the World Bank.

The bibliometric analysis was performed using InCites, an analytical tool which con-
tains a number of bibliometric indicators aggregated from WoS countries, organizations,
and researchers. We analysed publications in journals indexed in three widely used journal
citation indexes: Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (A&HCI). The stability and reliability over
time are the reasons why this study does not include publications in journals indexed in the
Web of Science Emerging Science Citation Index. The WoS database was accessed from
the National Research University Higher School of Economics Library and last updated in
August 2020.

The analysis includes all Articles and Reviews published in English and non-English
languages, such as Russian, Lithuanian, Ukrainian, and Estonian. English is the language
of global science, and the majority of the national journals from post-Soviet countries
included in the WoS are either published in English or have English versions. There were
1,100,775 publications analysed. We used 200 publications as an analytical minimum for
citation-based indicators. Each of the 15 countries had more than 200 publications for
the period 1993 —2019. When we report on a single year or a portion of publications, we
use an asterisk to denote that the specific citation-based indicator refers to fewer than 200
publications.

The analysis covers the period of 1993 —-2019. Despite the fact that the constitu-
ent republics of the USSR gained independence in 1991, the WoS output from 1991 and
1992 was “transitional”, i.e. the author affiliations in the output do not clearly differentiate
among the USSR, the newly independent states, the Russian SFSR, and Russia. Starting
from 1993, the data identifies the authors’ countries of affiliation much more precisely. A
publication was attributed to the country according to authors’ affiliations. For example, if
the country of at least one institutional affiliation of the publication’s author was Armenia,
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then the publication was considered as Armenian. For internationally co-authored publica-
tions we used the whole counting method. If the authors of the publication had affiliations
with several post-Soviet countries, the same publication was attributed to each of these
countries.

To analyse the subject structure of research output, the study used the OECD category
scheme which divides all journals into six major areas of study: Natural Sciences, Engi-
neering & Technology, Medical & Health Sciences, Agricultural Sciences, Social Sci-
ences, and Humanities (OECD, 2007). The use of the journal category for classifying the
output by area of study led to a certain overlap in the attribution of output published in
cross-disciplinary journals; this fully accounts for the contributions of output to more than
one area of study.

As the indicator of the quality of the research output, this study uses the WoS quartile
ranking of the journals where the research is published. Journals indexed in the WoS are
divided into Quartile 1, Quartile 2, Quartile 3, and Quartile 4, based on the journal impact
factor. The quality decreases as we move from Q1 to Q4. For journals indexed in A&HCI,
the impact factor is not calculated, as impact factor is considered to be a poor reflection
of quality in Arts and Humanities. The WoS does not provide quartile attribution for the
A&HCI journals as quartiles are based on the impact factor.

As the indicator of impact of the research output, this study uses the number of times
each publication is cited. Citations are considered to represent the impact of academic pub-
lications and are widely used in the analysis of academic output and research evaluation.
The following two indicators of impact are included in the analysis: Category Normalized
Citation Impact (CNCI) and the proportion of publications in the Top 10% of the most
cited publications in the InCites database. Both indicators are normalized by WoS subject
category, year of publication, and publication type.

While the indicators of impact and quality rest on the same measure—the citations, one
pertains to the publication itself (impact) and another the journal (quality). Two indicators
of impact (CNCI and Top10%) are based on the number of citations of a publication which
takes time to accumulate. The indicator of journal quality pertains to the average number
of citations received by papers in the journal in which the paper is published. Thus, while
the impact indicator pertains to the citations accrued to each publication included in this
analysis, the quality indication pertains to the journals in which publications included in
this analysis are published, and is a sign of meeting specific standards of quality, expressed
by the journal impact factor.

The use of WoS data for the analysis of the research output from post-Soviet countries
is not without limitations. The database has problems with the coverage of Humanities and
Social Sciences publications and the coverage of publications in languages other than Eng-
lish (Aksnes & Sivertsen, 2019). The use of this database underestimates publications in
these areas. National journals are published in a number of post-Soviet countries. Accord-
ing to Master Journal List (June 2021), Russia has 161 national journals indexed in the
SCIE, SSCI, and AHCI indexes of the WoS, Lithuania—?26, Ukraine and Estonia—11
each, Latvia—4, Azerbaijan—2. Armenia, Belarus, Georgia, and Uzbekistan have one
journal each indexed in Scopus. Kazakhstan, Kyrgyzstan, Moldova, Tajikistan, and Turk-
menistan have no national journals in Scopus. Thus, only a small minority of national jour-
nals are indexed in WoS which means that this study does not include the publications
from the majority of national journals publishing in English or vernacular languages, such
as Russian (Brumshteyna & Alimova, 2019). Globally, considerably larger shares of the
WoS publications in Arts & Humanities are published in non-English languages, when
compared to approximately five percent of non-English language publications in SCI and
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Table 2 Number of articles and

reviews by country, 19932019 oUItY i‘;gzzraﬁz
reviews
Armenia 14,150
Azerbaijan 9658
Belarus 30,048
Estonia 31,791
Georgia 11,267
Kazakhstan 12,027
Kyrgyzstan 1948
Latvia 13,901
Lithuania 38,281
Moldova 6005
Russia 800,135
Tajikistan 1500
Turkmenistan 290
Ukraine 120,701
Uzbekistan 9073

SSCI (Liu, 2017). Publications in languages other than English have lower citation counts
(Liu, 2017). Therefore, the WoS data is expected to underestimate the quality and impact
of research output from post-Soviet countries, especially in the area of Art & Humanities.

Results
Quantity

At the time of the dissolution of the Soviet Union, the research output produced in this vast
country constituted 4.6% of the total global research output. After two decades of inde-
pendence, the cumulative research output from post-Soviet countries had dropped to 2.7%
(2012) of the total global research output. This proportion started a slow rise in 2014 and
in 2019 reached 3.0% (58,944 publications) of the total global output. Out of the cumula-
tive regional contribution, 76% (45,052 publications) are (co-)authored by researchers in
Russia and 8% (4,964) by researchers in Ukraine. These are followed by Lithuania (3,260),
Estonia (2,629), Kazakhstan (1,664), Belarus (1,442), Latvia (1,155), and Armenia (1,028)
with a four-digit research output in 2019. There have been relatively smaller numbers of
publications emerging from Azerbaijan (922), Georgia (873), Uzbekistan (430), Moldova
(297), Kyrgyzstan (233), Tajikistan (143). Turkmenistan had only five WoS publications
included in 2019. The cumulative numbers for 1993 to 2019 are provided in Table 2.
When comparing the research output in 2019 to the research output in 1993, large differ-
ences are observed by country (Fig. 1). Lithuania is the leader with 1522% increase in the
research output. It is followed by Estonia (842%), Kazakhstan (582%), Kyrgyzstan (513%),
Armenia (397%), Azerbaijan (361%), Latvia (336%), and Georgia (316%). The growth
statistics in Russia, Tajikistan, Moldova, Belarus, Ukraine, and Uzbekistan are relatively
modest. Turkmenistan had fewer publications in 2019 than in 1993. The countries with
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Lithuania . 1522%
Estonia I 842%
Kazakhstan I 582%
Kyrgyzstan . 513%
Armenia . 397%
Azerbaijan I 361%
Latvia . 336%
Georgia . 316%
Russia N 94%
Tajikistan B 81%
Moldova W 45%
Belarus W 44%
Ukraine W 44%
Uzbekistan I 12%
Turkmenistan =79%
0 500 1000 1500

% change in research output from 1993 to 2019

Fig. 1 Research output in 2019, expressed as a proportion of research output in 1993

Estonia- I 27.4
Armenia- I 231
Lithuania- I 13.7
Latvia- I 10.2
Kazakhstan- S 74
Moldova - [N 6.7
Russia- [N 6.6
Georgia- [N 5.7
Ukraine- N 5.6
Belarus- [N 5.3
Kyrgyzstan- N 5.2
Azerbajjan- [N 4.6
Tajikistan - [N 3.6
Uzbekistan- Il 1.2
0 10 20 30
Number of publications in 2019 per 100 R&D personnel

Fig.2 Number of publications in WoS per R&D personnel (HC). Note: own calculations based on the WoS
(2019) and UIS data (2018). Turkmenistan data is not available

larger overall increases in the output (the top half of Fig. 1) appear to have achieved the
growth through a more or less steady annual expansion of their research output (Fig. 12).
The only exception is Kazakhstan. The number of publications in Kazakhstan was mostly
flat between 1993 and 2012. In 2012, the number of Kazakhstani publications started a
steep climb and increased threefold within six years.

In a number of post-Soviet countries, universities have become key producers of global
knowledge. In Georgia, Kazakhstan, Estonia, Lithuania, and Latvia, more than 80% of all
publications have a university-based author. More than half of all publications from Russia,
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Fig. 3 Distribution (%) of publications by area of study (1993 —2019). Notes: a NS Natural sciences, E&T
Engineering & technology, M&HS Medical & health sciences, AS Agricultural sciences, SS Social sciences,
H Humanities; b the use of the journal category for classifying the output by area of study led to a certain
overlap in the attribution of output published in cross-disciplinary journals. This figure fully accounts for
the contributions of output to more than one area of study

Belarus, Turkmenistan, Ukraine, and Kyrgyzstan have a university-based author. Between
40 and 50% of publications from Uzbekistan, Moldova, Azerbaijan, and Tajikistan are
authored by university-based academics. Armenia has the lowest proportion of publica-
tions (36%) with at least one university-based author.

The research productivity, as measured by the number of publications per R&D per-
sonnel, is low across all countries (Fig. 2). In Uzbekistan, every 100 R&D personnel pro-
duced one publication in 2019. This is followed by Tajikistan with four publications per
100 researchers. Azerbaijan, Kyrgyzstan, Belarus, Ukraine, Georgia, Russia, Moldova, and
Kazakhstan have between five and seven publications per 100 R&D personnel. Lithuania,
Armenia, and Estonia represent relatively more productive systems with the productivity
ranging between 10 and 27 publications per 100 researchers.

The countries with larger GERD per researcher have higher numbers of R&D personnel
and tend to produce more publications. The GERD per researcher is positively correlated
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with the overall number of countries’ publications (Pearson’s product-moment correla-
tion r=0.77, p=0.001). As seen in Table 1, countries that prioritize R&D and have higher
GERD as a percentage of GDP, tend to have larger GERD per researcher.

When it comes to the analysis of the output by area of study, Natural Sciences dominate
the publications from post-Soviet countries (Fig. 3). The explicit interest in Natural Sci-
ences in this region is most likely due to rich scientific traditions in a number of Natural
Science disciplines. The proportion of publications classified as Natural Sciences ranges
between 53% of all publications in Lithuania to 87% in Armenia. More than four in five
publications in Uzbekistan, Moldova, and Turkmenistan have been in Natural Sciences.
While Natural Sciences is the single most prominent area of study in which post-Soviet
countries feature on the global stage, in the last two decades, the proportion of Natural Sci-
ences output has decreased in almost all post-Soviet countries (Fig. 2). The largest drops
in the proportion of Natural Sciences publications are observed in Moldova, Lithuania, and
Kazakhstan (Fig. 13).

The share of the Engineering & Technology output from post-Soviet countries (22%)
is close to the global share (23%) of Engineering & Technology publications. Notably,
Ukraine, Belarus, Latvia, Lithuania have significantly higher proportions of Engineering
& Technology publications when compared to the global share; in these countries almost
one in three publications are in Engineering & Technology. In contrast, only one in ten
publications from Turkmenistan, Kyrgyzstan, and Georgia are in Engineering & Tech-
nology (Fig. 3). In the last two decades, Engineering & Technology has seen the largest
(8%) increase across all areas of studies globally. Kazakhstan, Moldova, and Tajikistan had
increases higher than the world average. The majority of the former Soviet countries saw a
decrease in the share of their Engineering & Technology output since 1998, with the larg-
est drops observed in Armenia and Azerbaijan (Fig. 13).

Unlike Natural Sciences and Engineering & Technology, the proportions of publications
in Humanities, Social Sciences, Agricultural Sciences, and Medical & Health Sciences are
significantly below the proportions in the respective areas of studies globally (Fig. 3).

The Humanities publications constitute about 1% or less of the total publications for
10 out of 15 countries (Fig. 3). Only Estonia and Lithuania (6%) have a slightly higher
proportion of Humanities publications, when compared to the share of the Humanities pub-
lications globally (5%). In the last two decades, the proportion of publications in Humani-
ties has been rising slowly but steadily across most post-Soviet countries (where data is
available), with Estonia and Lithuania showing the largest increases (four to six percentage
points, Fig. 13).

In Social Sciences, Armenia, Uzbekistan, Moldova, Belarus, Ukraine, Russia, and
Azerbaijan have particularly small proportions (less than 3%) of publications, as a
share of the country’s research output (Fig. 3). Only two countries—Estonia (11%) and
Kyrgyzstan (11%)—have slightly higher shares of Social Sciences publications when
compared to the share of Social Sciences publications globally (10%). In the last two
decades, the proportion of Social Sciences output has been rising in all countries with
particularly large increases in Lithuania, Estonia, Kyrgyzstan, and Georgia (Fig. 13).
In the same period, the smallest increases in the Social Sciences output are observed in
Russia, Ukraine, and Armenia. Belarus is the single country where we see a decrease in
the proportion of publications in Social Sciences.

The share of publications in Medical & Health Sciences ranges from 5% of all publi-
cations in Azerbaijan to 20% in Estonia and Kyrgyzstan. Globally, the share of M&HS
publications is 31% (Fig. 3). In the last two decades, the post-Soviet countries have seen
an increase of their Medical & Health Sciences research output in contrast to the global
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decrease by two percentage points (Fig. 13). The largest increase is seen in Moldova
and Kyrgyzstan, followed by Tajikistan, Uzbekistan, Lithuania, Latvia, Georgia, and
Kazakhstan.

Finally, in Agricultural Sciences, all post- Soviet countries except Kyrgyzstan, Lithu-
ania, and Estonia produce considerably lower proportions of publications when compared
to the 5% share of Agricultural Sciences publications globally (Fig. 3). Armenia, Belarus,
and Ukraine have particularly low proportions of Agricultural research. In the last two dec-
ades, the proportion of the output in Agricultural Sciences has increased in most of the
former Soviet countries, with Latvia seeing the largest increase by seven percentage points,
followed by Uzbekistan, Lithuania, Kazakhstan, and Estonia (Fig. 13).

The absolute majority of the publications from post-Soviet countries are co-authored.
The same applies to world output, as seen in Fig. 4. Co-authored publications include
smaller co-authorships of two to five individuals, larger co-authorships of six to twenty
individuals, and mega-collaborations with 21 +authors. The most popular form of author-
ship (ranging between 48 and 66% of all publications) across post-Soviet countries is small
teams of two to five. Larger co-authorships constitute 14 to 36% of all publications. All
countries included in the analysis have a larger share of mega-collaborations than the world
average of 0.4% (Fig. 4). Armenia and Georgia are noteworthy in this regard as the 24% of
research output from Armenia and 21% from Georgia are authored by mega teams of more
than 21 researchers. Azerbaijan and Latvia have the next largest shares of mega-collabora-
tions, one in ten publications.

Substantial proportions of co-authored publications emerge from international collabo-
rations. The larger the number of authors, the more likely the publication is to have at least
one author from another country (Fig. 5). International co-authorship is used in this study
as a measure of international collaboration, adopting the most widely used measure of col-
laboration that originates from Melin and Persson (1996). Almost all publications from
post-Soviet countries with 21+ authors have at least one international collaborator. The
practice of international co-authorship is markedly more widespread in this region than
globally (Figs. 5, 6).
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In 1993 —2019, every post-Soviet country had a higher proportion of internationally co-
authored publications than the world average of 20% (Fig. 6). Three in ten publications
produced by researchers from this region were internationally co-authored. Yet, the coun-
try-level variation is large. Turkmenistan, Kyrgyzstan, Georgia, and Moldova have about 7
in 10 publications co-authored internationally (Fig. 6). These are followed by Kazakhstan,
Latvia, Tajikistan, Armenia, and Estonia, with about 6 in 10 publications with international
co-authors. Russia has the lowest proportion of internationally co-authored publications—
less than one in three—but still above the world average of one in five.

Figure 6 also shows that these countries have been expanding their practices of interna-
tional collaborations. The proportions of internationally co-authored publications are con-
siderably larger in 2019 than for the period of 1993-2019. The increase in almost all of the
former Soviet countries is much larger than the seven percentage point increase in interna-
tional collaborations for the same period globally. The single country where the increase in
the proportion of internationally co-authored publications is relatively small, and equals the
global statistic, is Russia. There are three possible explanations for this. First, researchers
in Russia may be less likely to seek collaborations abroad due to the large number of R&D
personnel at home (Table 1). Our analysis shows that post-Soviet countries with more R&D
personnel tend to have smaller proportions of internationally co-authored publications
(Pearson’s product-moment correlation= —0.78, p<0.001). The numbers of R&D per-
sonnel are positively correlated with the GERD per researcher (Pearson’s product-moment
correlation=0.74, p=0.002); this observation leads to the second potential explanation of
Russia’s relatively low engagement in international research collaborations. With the high-
est GERD per researcher in the region (Table 1), Russian scholars may be less likely to
seek international collaborations for the purpose of accessing international research fund-
ing. It is recognised that access to research funding can be a potent driver for international
collaborations (Jeong et al., 2014; Kwiek, 2017). Finally, there exist Russia-based journals
where Russian scholars publish (Alimova & Brumshteyn, 2020); these are in English and
in Russian, in almost all major disciplines. More than 150 of them are indexed in WoS;
this is several times more than the number of WoS-indexed journals from other post-Soviet
countries. In these ‘local’ journals co-authors from outside Russia are rather rare. Being
indexed in WoS, these journals/publications add to the denominator when we calculate the
percentage of international co-authorship. If we remove Russia-based journals from 2019
statistics, the proportion of international collaborations of Russian authors increases from
38.7 t0 56.3%.

Quality of journals

This study measures the quality of journals by the quartile ranking of journals in which
outputs are published. Our analysis shows that while the differences by country are large,
taken together, publications from the region are of considerably lower quality than the
world average (Fig. 7). In the period of 1993-2019, 43% of the global research output
appeared in Q1 journals. This is a significantly larger proportion than the average for post-
Soviet countries (23%). Estonia has produced the highest proportion of high quality and the
lowest proportion of lower quality output. In contrast, Tajikistan appears to have the lowest
proportion of Q1 publications and the largest share of Q4 publications. Approximately 45%
of all publications from Tajikistan and Russia are published in the lowest impact factor
journals. The former Soviet countries with smaller proportions of publications in Q1 jour-
nals tend to have larger shares of publications in Q4 journals (Fig. 7).
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As seen in Fig. 7, Georgia and Armenia have produced exceptionally high quality
output and are closest to the world average with more than four in ten publications in Q1
journals. At the same time, these two countries have large proportions of relatively low
quality research output, unlike Estonia. One way to explain the high proportions of Q1
publications from Armenia and Georgia is to look at the authorship patterns of output
published in QI journals (Fig. 8). The publications with larger numbers of authors are
more likely to be found in QI journals than publications with fewer authors across all
post-Soviet countries. The fact that some countries, notably Armenia and Georgia, have
larger proportions of papers emerging from mega-collaborations than other countries
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(Fig. 4) can offer one possible explanation for the relatively high representation of their
output in Q1 journals. In contrast, single-authored papers are less likely to be found in
Q1 journals (Fig. 8). Tajikistan, Russia, and Azerbaijan have large proportions of sin-
gle-authored output (Fig. 4) and are relatively overrepresented in Q4 journals (Fig. 7).
As for Russia, this effect is also largely explained by publishing in ‘national’ Russian-
language journals which were mentioned before. These journals, due to their relative
isolation, often have low impact factors.

The examination of the quality of output by area of study (Fig. 14) adds more nuance
to the broader patterns presented in Fig. 7. Since the majority of the publications from
post-Soviet countries are in Natural Sciences (Fig. 3), the distribution of Natural Sci-
ence publications in QI to Q4 journals closely resembles the distribution of publica-
tions in all areas of study taken together (Fig. 7). Estonia, Georgia, and Armenia have
particularly large proportions of Natural Science publications in QI journals, while
Tajikistan, Russia, and Uzbekistan have the smallest proportions of Natural Science
publications in Q1 journals (Fig. 14).

While Engineering & Technology takes up a large share of publications from
this region (22%), the quality of the output appears to be below the world average.
An unusual pattern was detected here in terms of the discrepancy between the inter-
est in the area and the quality of output. Two countries with the strong interest in this
area—Ukraine and Belarus—with almost one in three publications in Engineering &
Technology (Fig. 3), have one-third of their Engineering and Technology publications
in the lowest quartile journals (Fig. 14). The leader in producing the largest proportion
of Engineering and Technology publications in Q1 journals is Estonia. Turkmenistan
comes second, however it has only 34 publications on Engineering and Technology, so
the results may not be reliable.

In Medical & Health Sciences, Estonia produces the largest proportion (45%) of top
quality publications and has the largest proportion of Medical & Health Science publi-
cations as a share of all publications (Fig. 3). The largest increase in Medical & Health
Science publications took place in Kyrgyzstan and Moldova. These two countries follow
Estonia with four in ten publications in top journals. In contrast, Uzbekistan and Turk-
menistan have the smallest proportions of Medical & Health Sciences publications in
Q1 journals (Fig. 14).

In Social Sciences, Georgia has the largest proportion (40%) of Q1 publications. This
is followed by Armenia with 36% of publications in Q1 journals. In contrast, Turkmeni-
stan has no Q1 publications in Social Sciences, followed by Ukraine and Russia with
only 14 and 17% of all their Social Sciences publications in top journals. Ukraine and
Russia also have substantial shares of Social Sciences publications in Q4 journals—60%
and 54%—respectively (Fig. 14).

Estonia is the leader in Agricultural Sciences with 55% of all publications in this area
published in top journals. Latvia, Uzbekistan, and Turkmenistan have about four in ten
of their publications in Agricultural Sciences published in Q1 journals. While Russia
and Belarus have the largest proportions of the lowest quality output, Azerbaijan has the
smallest proportion (17%) of publications in Q1 journals.

Finally, the analysis of the spending on R&D and the quality of output shows that
none of the three measures of spending (GERD as % of GDP, GERD per researcher, or
GERD per capita) are linked to the proportions of papers published in any of the four
quartiles. In other words, based on the latest country-level data from post-Soviet coun-
tries, the spending on research cannot be directly linked to the quality of the output.
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Impact

The number of times each publication is cited is used as an indicator of impact of
research output. We use the following two indicators: Category Normalized Citation
Impact (CNCI) and the proportion of publications in the Top10% of the most cited pub-
lications in the InCites database. Both indicators are normalized by area of study, year
of publication, and publication type. These two indicators complement each other as
CNCI is calculated as an average, while the Top10% is based on the ranking. In the
1993 — 2019 data, there is a very high correlation between the two indicators (Pearson’s
product-moment correlation »=0.86, p=0.001). Moreover, both impact indicators are
highly correlated with the journal quality indicators, in particular with the proportions
of publications in Q1 and Q4 journals. Countries with higher CNCI/higher proportions
of papers in the Topl0% have significantly larger proportions of publications in Q1
journals and significantly lower proportions of publications in Q4 journals.

The CNCI of publications from the majority of post-Soviet countries has been going
up over the last three decades, and specifically in the last decade (Fig. 15). Yet, the aver-
age impact of publications for 1993-2019 from the majority of post-Soviet countries is
below the world average for the same period (Fig. 9). The publications from four coun-
tries—Kyrgyzstan, Estonia, Georgia, and Armenia—have impact ratings higher than the
world average of one. While Armenia, Estonia, and Georgia show a steady increase in
the CNCI, Kyrgyzstan had larger spikes in CNCI in 2017, which is driven by a dozen of
papers written by mega medical collaborations (Fig. 17).

The publications from Tajikistan, Uzbekistan, Russia, and Ukraine have particularly
low impact ratings when compared to the world average. There could be three possible
reasons for this: large proportions of researchers choose relatively low quality journals,
there exists a mistrust of the research from non-leading countries which is known as
the Matthew effect (Pislyakov & Dyachenko, 2010), and/or relatively poor quality of
research produced in these countries.
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Another indicator of impact is the proportion of publications included in the world’s
Top10% most cited publications. As seen in Fig. 10, a small group of post-Soviet coun-
tries—Estonia, Georgia, and Armenia—have been over performing in terms of having
more than 10% of their publications in the world’s Top10% most impactful publications.
While Estonia had a relatively steady increase in the proportion of publications in the
Top10%, Armenian and Georgian statistics show more fluctuation. For the latter, the major
increase in the proportion of the Top10% most cited publications started in 2010 (Fig. 18).

One possible explanation for the overrepresentation of publications from Armenia and
Georgia in the Topl0% most cited publications globally can be the exceptionally high
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proportions of 21 4+ authored mega-collaborations in these countries (Fig. 4). The examina-
tion of the authorship patterns shows that very large shares of the Top10% most impact-
ful publications from the region have 21 + authors, in contrast to the world average of two
percent (Fig. 11). Eighty-one percent of the most impactful publications from Armenia and
sixty-five percent from Georgia are mega-collaborations. At the same time, single-authored
papers from the majority of post-Soviet countries are unlikely to be in the Top10% of most
cited publications. The exceptions are Russia and Estonia that have relatively larger pro-
portions of high-impact single-authored publications (Fig. 11).

Co-authored publications often emerge from international collaborations (Fig. 5). Glob-
ally, internationally co-authored publications tend to be more cited and have higher impact
than domestically co-authored publications (Adams, 2013; Bordons et al., 2015; Gléinzel,
2001; Olechnicka et al., 2017). For example, Hirv (2019) examines the Estonian case of
having a large proportion of high impact publications. The study explains the phenomenon
of mega-collaborations in physics or in medicine/epidemiology where some papers have
hundreds or even thousands of authors. These papers are expected to be actively cited and
have a high impact. The impact of such publications can greatly affect the overall indica-
tors of countries, especially if the country has a small total number of papers (Hirv, 2019).
In another study, Pislyakov and Shukshina (2014) explore the Top 1% of highly cited
papers from Russia to find that 92% of these involve international partnership. The average
proportion of Russian addresses among all authors’ affiliations in such publications is only
about 33%.

Across post-Soviet countries, the highest impact publications (based on CNCI) are pro-
duced in Medical & Health Sciences, Humanities and Natural Sciences (Fig. 16). In Social
Sciences, only Georgian publications have an impact higher than one. In Agricultural Sci-
ences, Estonian and Ukrainian publications have an impact higher than one. The lowest
impact publications are produced in Engineering & Technology (Fig. 16). Similar results
are observed with the Top10% indicator (Fig. 18). The overall similarity in the findings
based on these two different indicators—CNCI and Top10%—confirms the robustness of
the results.

Finally, the spending on R&D (GERD as % of GDP, GERD per researcher, or GERD
per capita) cannot be directly associated with either of the measures of impact (CNCI,
Top10%).

Discussion and conclusions

There has been some criticism of bibliometric methods, arguing that such analyses fur-
ther disadvantage peripheral countries and reinforce asymmetries in the process of global
knowledge creation (Hountondji, 2006; Martinez & S4, 2020; Velho, 1986). While we rec-
ognise the unequal footing of many researchers and research institutions from this region,
this study has offered some empirical evidence on the existence of large variations within
this region. The big picture analysis of the quantity and impact of the output and the quality
of journals by area of study, by authorship, and by country demonstrated that post-Soviet
countries differ considerably in terms of how much they have prioritised research, the
amount of research output each country has produced, as well as the quality and impact of
the output.

The former Soviet countries are not key players on the global research scene, as they
cumulatively produce about three percent of the global output included in the WoS
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database. This is comparable to the cumulative research output from all countries on the
African continent. The countries in Latin America have a slightly larger share (5%) of pub-
lications in the global domain. In contrast, the USA and China each produce 24% of the
global research output.

Russia is the regional leader when it comes to the quantity of WoS publications, largely
due to the size of its higher education and research system. Russian researchers produce
76% of the output analysed in this study. At the same time, very large proportions of Rus-
sian WoS publications are of lower quality and lower impact when compared with other
post-Soviet countries—Russian WoS publications are second from the bottom in terms of
the quality of journals and third from the bottom in terms of publication impact.

Rich scientific traditions in Natural Sciences and to a certain extent in Engineering &
Technology must have contributed to the popularity of these areas of study across all post-
Soviet countries. Yet, in the last two decades, the interest in Natural Sciences and Engi-
neering and Technology has been dropping in a number of these countries. Meanwhile, the
popularity of Medical & Health Sciences, Agricultural Sciences, and Humanities has been
increasing slowly but steadily in most countries. Researchers in some countries appear to
have been paving new paths in Social Sciences, Humanities, and Agricultural Sciences,
the areas of studies where these countries had very small proportions of publications in the
1990s.

While the differences between countries are large, the research productivity across the
region has not been high and post-Soviet countries’ cumulative contribution to global
knowledge creation has been of considerably lower quality when viewed in the context of
the quality of global research output. Estonia has the largest proportion of publications in
top journals, followed by Georgia and Armenia. This is predominantly driven by the output
in Natural Sciences that dominates the research output across all post-Soviet countries. As
such, Estonia, Georgia, and Armenia have the highest shares of top quality output in Natu-
ral Sciences. Furthermore, Georgia and Armenia produce the largest share of top quality
Social Sciences publications when compared to other post-Soviet countries. Estonia has
the largest proportion of top quality publications in Medical & Health Sciences, Engineer-
ing & Technology, and Agricultural Sciences.

The impact of publications from many post-Soviet countries has been going up in the
last three decades, and specifically in the last decade. Yet, the average impact of publica-
tions for 1993-2019 from the majority of the former Soviet countries is below the world
average for the same period. In contrast to the evidence of a journal’s impact factor being
a poor predictor of a particular paper’s citations (Seglen, 1997; Stringer et al., 2008; Wang
et al., 2013), post-Soviet countries with larger shares of papers in QI journals and lower
proportions of papers in Q4 journals, tend to have significantly higher proportions of high
impact papers. This study suggests that one way to explain the relatively high impact of
publications from selected countries is to look at international collaborations, and in par-
ticular mega-collaborations.

Across all countries, publications with 21+ authors are overrepresented in the top
quality journals and in the Top10% of most cited output. Single-authored publications
are less likely to be found in top journals and unlikely to be in the Top10% of most cited
publications. Large proportions of co-authored publications emerge from international
collaborations.

The findings of this study suggest that researchers in post-Soviet countries tap into
international collaborative networks actively. The role of international collaborations
in increasing the research productivity has been documented in the literature on other
geographical contexts, including the African countries (Skupien, 2019). The practice of

@ Springer



8720 Scientometrics (2021) 126:8701-8730

international co-authorship is much more widespread in this region than globally where
only one in five publications are internationally co-authored. In contrast, in twelve out
of fifteen former Soviet countries, 50% or more of the publications are internationally
co-authored. 70% of publications from Turkmenistan, Kyrgyzstan, Georgia, and Mol-
dova are the result of international collaborations. Extensive international collabora-
tions, as expressed by international co-authorships, may indicate that these countries
have researchers who are attractive to international collaborators, to follow the logic
of Wagner and Leydesdorff (2005). The latter propose that science is a self-organising
system and that ‘the spectacular growth in international collaborations may be due more
to the dynamics created by the self-interests of individual scientists rather than to other
structural, institutional or policy-related factors that have been suggested by others’
(p-1616). The self-interests of individual researchers can be driven by ‘rewards, reputa-
tion, and resources offered by a collaborative network’ (p. 1610). At the same time, the
extensive collaborations may indicate a relatively modest capacity in these countries as
researchers are inclined to seek resources internationally (Jeong et al., 2014; Kwiek,
2017). One thing is certain—this finding is also a demonstration of the integration of
researchers and institutions producing research into global networks and needs to be
viewed in the historical context of the Soviet research being known as one of the least
collaborative globally (Schubert & Braun, 1990).

Research productivity and research funding are arguably correlated (Powell & Dus-
dal, 2017) and high-quality research is considered to be a privilege for rich countries
(Allik, 2013). This study cannot fully confirm these assertions. We have shown that
post-Soviet countries that spend more per researcher have larger numbers of researchers.
More researchers tend to produce more publications. And the spending per researcher
is linked with the countries’ investment in R&D as a percentage of GDP. Thus, coun-
tries that prioritize research, have more researchers and more publications. Yet, this is
where the links between the characteristics of the output and the research funding end.
This study found that none of the three measures of the national spending on research
(GERD as % of GDP, GERD per researcher, or GERD per capita) are linked with the
quality or impact of the research output.

Thus, this study represents the first step in mapping the research output across post-
Soviet countries to confirm that, while the output may be modest, in the last thirty years,
researchers in the majority of the post-Soviet countries have continued engaging in
research and contributing to the global knowledge creation. Future studies on potential
determinants of the differences highlighted here will need to examine the research out-
put in relation to the variations in the national policies, institutional practices, and the
individual expertise, motivation, and opportunity.

Appendix

See Figs. 12, 13, 14, 15, 16, 17 and 18.
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