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Design/Methodology/Approach: In this contribution, which uses about 1 million Web of
Science publications and two publications years (1993 and 2013), we compare the G7
countries and the BRICS countries with regard to this type of structure. For the publication
year 2013, cosine similarity values regarding the citation disciplinary structures of these
countries (and of nine other countries) were used as input to cluster analysis. We also obtained
cosine similarity values for a given country and its citation disciplinary structures across the
two publication years. Moreover, for the publication year 2013, the within-country Jeffreys-
Matusita distance between publication and citation disciplinary structure was measured.

Research limitations: First, the citation disciplinary structures of countries depend on
multiple and complex factors. It is therefore difficult to completely explain the formation and
change of the citation disciplinary structure of a country. This study suggests some possible
causes, whereas detailed explanations might be given by future research. Second, the length
of the citation window used in this study is three years. However, scientific disciplines differ
in their citation practices. Comparison between citations across disciplines using the same
citation window length may affect the citation discipline structure results for some countries.

Practical limitations: First, the results of this study are based on the WoS database. However, u_l-ﬂ.ﬂ
in this database some fields are covered to a greater extent than others, which may affect the
results for the citation discipline structure for some studied countries. In future research, we
might repeat this study using another database (like Scopus) and, in that case, we would like

to make comparisons between the two outcomes. Second, the use of a constant journal set IDIS
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yielded that a large share of the journals covered by WoS year 2013 is ignored in the study.
Thus, disciplinary structure is studied based on a quite restricted set of publications. The three
mentioned limitations should be kept in mind when the results of this study are interpreted.

Originality/value: Disciplinary structure on country level is a highlighted topic for the S&T
policy makers, especially for those come from developing countries. This study observes the
disciplinary structure in the view of academic impact, and the result will provide some
evidence to make decision for the discipline strategy and funding allocation. Besides, Jeffreys-
Matusita distance is introduced to measure the similarity of citation disciplinary structure and
publication disciplinary structure. By applying this measure, some new observations were
drawn, for example, “Based on the comparison of publication disciplinary structure and
citation disciplinary structure, the paper finds most BRICS counties have less impact with
more publications”.

Findings: The outcome of the cluster analysis indicates that the G7 countries and BRICS
countries are quite heterogeneous regarding their citation disciplinary structure. For a majority
of the G7 countries, the citation disciplinary structure tend to be more stable compared to
BRICS countries with regard to the years 1993 and 2013. Most G7 countries, with United
States as an exception, turned out to have lower values on the Jeffreys-Matusita distance than
BRICS countries, indicating a higher degree of heterogeneity between the publication and the
citation disciplinary structure for the latter countries. In other words, BRICS countries still
receive much less citations in most disciplines than their publication output would suggest.
G7 countries can still expect more citations than is to be expected based on their publication
output, thereby generating relatively more impact than BRICS countries.

Keywords Citation disciplinary structure; Country; Bibliometrics

1 Introduction

The concept of revealed comparative advantage (Balassa, 1965) suggests a
specialization of countries in terms of their export portfolio. National economies
tend to focus on what they do—relatively, not necessarily absolutely—best.
Transferring this idea to science systems (Grupp, 1998; Schmoch et al., 2000; van
Raan, 2003) profiles of relative advantage and disadvantage of the disciplinary
profile of countries gets into focus. Independent of both disciplinary and country
size effects, areas of intensive activity in the profile, one could also say in the
disciplinary structure, of each country can be identified.

For individual countries, scientific disciplinary structure could reflect the
distribution of scientific funds over disciplines and the characteristics of Science &
Technology (S&T) strategy. S&T input, as well as output, could be used to analyze
disciplinary structure of countries. The analysis of disciplinary structure based on
S&T input might reveal how resources and funds are distributed over disciplines
(Julio, 1998; Shibayama, 2011; Zhu, 2006; Wu, 2015). For S&T output, research
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publications are typically used to analyze disciplinary structure. In this study, we
deal with two types of publication-based disciplinary structures: publication volume
disciplinary structure and citation disciplinary structure. For a given country,
publication volume disciplinary structure could mirror the features of S&T strategy
policy for different disciplines, while citation disciplinary structure could reflect the
general composition of the academic impact within individual disciplines.

Publication volume and citation disciplinary structure have been addressed
in earlier research. Glinzel et al. (2006) and Yue (2008) described the local
characteristics of disciplinary structure, whereas a number of studies have compared
differences in disciplinary profiles between countries (e.g. Liang et al., 2006;
Kozlowski et al., 1999; Yang et al., 2012; Schulz & Manganote, 2012), or treated
the evolution of such profiles over time (e.g. Bongioanni et al., 2014; Yang et al.,
2012; LiN., 2017). Ding et al. (2018) compared the publication volume disciplinary
structure in three top journals (Nature, Science, Proceedings of the National
Academy of Sciences of the United States of America) between countries. Aksnes
et al. (2014) investigated how the increasing publication output of China influences
Netherland’s disciplinary profile. A model to explain a country’s research profile
and competitiveness in certain disciplines was developed by Harzing & Giroud
(2014). Daraio et al. (2017) used the pseudo-likelihood approach (Aurell & Ekeberg,
2012), introduced in the physics of complex systems, to assess interdependencies
between scientific disciplinary profiles at the country level. Other studies have
focused on the citation impact of disciplines at the country level, or compared
citation impact and publication volume regarding individual disciplines (e.g.
Kozlowski et al., 1999; King, 2004; Yue, 2008; Radosevic & Yoruk, 2014).

Yang et al. (2012) investigated the disciplinary structures of the publication
volume of the G7 countries (Canada, France, Germany, Italy, Japan, United Kingdom
and United States) and the BRICS countries (Brazil, China, India, Russia and South
Africa). The results showed that the two groups had different characteristics in terms
of publication volume disciplinary structure. Our study, however, focuses on citation
disciplinary structure, and compares the G7 countries and the BRICS countries with
regard to this type of structure. Since the publication volume and the citation
disciplinary structure for a given country might be more or less similar, we also
analyze the relation between publication volume and citation disciplinary structure
for the countries of the study. We thereby address the question how the publication
output and the impact—reflected in citations—of science systems of different
countries differ.

The remainder of this paper is structured as follows. In the next section, the data,
indicators and methods of the study are described. The third section reports the
results and discusses them, whereas the final section put forward conclusions.
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2 Data and methods
2.1 Data

The data source of the study is Bibmet (2017 Quarter 1 version), the bibliometric
version of the Web of Science (WoS) at KTH Royal Institute of Technology
(Sweden). Bibmet is a relational database, based on WoS raw data purchased from
Clarivate Analytics. Bibmet, which is updated quarterly, contains about 51 million
WoS publications from the publication year 1980 onwards. The database also
includes citation relations between WoS source publications.

To compare the disciplinary structure over time, two publication years were used:
1993 and 2013. The year 2013 was selected in order to have a fairly recent end year,
and at the same time ensuring that all (or almost all) citations from WoS publications
to publications published in the end year were present in the Bibmet version used
in the study. Further, we first used 2003 as start year, but since very small differences
in disciplinary structure, compared to year 2013, were observed, we decided to use
1993 as start year instead. For citations, we used 3-year windows. For example, for
the publication year 1993, the citation window is 1993—-1995. The data were collected
in the following way:

1. We used a list of journals obtained from the 2013 Journal Citation Reports
Science Edition. This list was named JCR list. JCR list contains 8,534
journals, together with their ISSNs.

2. Each journal in JCR_list has been mapped to exactly one Essential Science
Indicators (ESI) class. These classes—except “Economics & Business”,
“Multidisciplinary” and “Social Sciences, General”—were used in the study.
However, classes related to biology and medicine were manually merged by
the authors, which resulted in 10 broad science fields. Thus, each journal in
JCR_list is mapped to exactly one of these 10 fields. In Table 1, the mapping
from ESI classes to fields is displayed.

3. Standardization of the ISSNs in the JCR_list was performed. For instance, long
hyphens were replaced by short hyphens.

4. For the two considered publication years, 1993 and 2013, we retrieved from
Bibmet all publications published in one of these two years. However, we only
used publications of the WoS document types “Article” and “Review” and
appearing in the journal indexes of WoS. The ISSNs for (the journals of) the
publications were standardized (cf. step 3 above). Publications such that their
journals lacked an ISSN were excluded from the study.
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Table 1. The mapping from ESI classes to science fields.

Field(full) Field(abb.) ESI class
Agricultural Sciences AGR Agricultural Sciences
Environment/Ecology ENV Environment/Ecology
Geosciences GEO Geosciences
Engineering ENG Computer Science

Engineering

Materials Science
Biology BIO Biology & Biochemistry

Microbiology

Molecular Biology & Genetics

Plant & Animal Science
Medicine MED Clinical Medicine

Immunology

Neuroscience & Behavior

Pharmacology & Toxicology

Psychiatry/Psychology

Mathematics MAT Mathematics
Chemistry CHE Chemistry
Physics PHY Physics

Space Science SPA Space Science

5. For both publication years, we extracted the unique ISSNs from the two
corresponding publication sets of step 4. This gave rise to two lists of ISSNs,
one per year.

6. In order to have a constant journal set—with respect to the two involved
publication years—JCR _list was reduced to those ISSNs that are present in
both ISSN lists of step 5. Our final list includes 3,221 journals. If a constant
journal set would not be used, the interpretation of the results of the study
would be difficult. For instance, an increase in relative publication volume for
a given country in a given science field between 1993 and 2013 might be an
effect of an increase in the number of journals (in the field) in WoS for the
country from the former to the latter year.

7. For each of the two publication years and for each ISSN in our final list of
journals, the publications published in the year, satisfying the conditions of
step 4, and appearing in the journal corresponding to the ISSN, were extracted
and assigned to the science field of the journal. This gave rise to 1,085,849
publications in total. However, 14,415 publications turned out to lack addresses
and were therefore excluded. Thus, the number of publications included in the
study is equal to 1,071,434.

8. For the 1,071,434 publications, address data was extracted in order to obtain
the contribution of countries to a publication.

9. Finally, citation counts were gathered from Bibmet.

Research Paper

Jul

Journal of Data and
Information Science

http://www.jdis.org

https://www.degruyter.com/view/j/jdis

5



Journal of Data and Information Science Vol. 3 No. 3, 2018

Research Paper

Tl

Journal of Data and
Information Science

Table 2. Journal and publication volume by publication year.

Publication year # journals # publications
1993 3,221 436,440
2013 3,221 634,994
Total 3,221 1,071,434

With reference to point 8 above, a publication might involve more than one
country because of co-authorship. Due to this, we applied fractional counting of
publications and citations. Since there are no associations in WoS between author
names and addresses before the publication year 2008, address fractionalization was
used. For instance, if a publication has two China addresses and three United States
addresses, and if it has received 10 citations, China is assigned 2/5 and United States
3/5 of the publication, while China is assigned 2/5 x 10 = 4 and United States 3/5
x 10 = 6 citations.

In Table 2, journal and publication volume statistics are reported.

2.2 Indicators and methods

As we use fractionalization, when we refer to the number of publications and the
number of citations for countries, we actually mean magnitude of publication
fractions and magnitude of fractions of citations counts, respectively.

For country i, we define P;, as the number of publications of 7 in field j in
publication year y and C, as the number of citations to i in j during the three-year
window starting with y. Let P,, (C;)) be the total number of publications (citations)
in j in y (during the three-year window staring with y). We then define R;;, and

Ry, as

P,

Ry, =—2x100 (1)
Py
C,

Reyy = 2% 100 )
C,

Jy

Thus, R,; gives the percentage of the publications of country i in field j in
publication year y relative to the total number of publications in j in y, whereas R,
gives the percentage of the citations to country i in field j during the three-year
window starting with y, relative to the total number of citations in field j during the
three-year window starting with y.

The disciplinary structure of the publication volume for a country 7 in publication
year y can now be operationalized as the vector Vj;, whereas the disciplinary
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structure of the citations for country i for the three-year window starting with year
y can be operationalized as the vector V,:

VPiy = (RPily’RPiZy’ . "’RPiny) (3)
VCiy = (RCily > RCiZy seees RCiny ) 4)

where n = 10.

The cosine measure (Salton & McGill, 1983) was applied to measure the similarity
between the citation disciplinary structures for one country in different publication
years (1993, 2013), and between such structures for different countries in the same
publication year (2013):

10
)= 2 Reyy X Reyyy
yCry ST 10 2 10 2
V2 (Rey ) 20 (R

where i" and ¢’ stand for a country and a year, respectively.

A cluster analysis was used to group countries based on cosine similarity values
for pairs of countries. We used the average linkage, a well-known hierarchical
method, for the clustering (Everitt et al., 2001). The Silhouette measure (Kaufman
& Rousseeuw, 1990) was used in order to obtain the best number of clusters.
This measure contrasts coherence to separation by comparing within-cluster
dissimilarity to between-cluster dissimilarity. Since the measure is defined in terms
of dissimilarities, we converted the cosine similarity values to corresponding
dissimilarity values by subtracting a given similarity value from 1. The cluster
solution with the highest overall Silhouette value turned out to have two clusters
for publication volume disciplinary structure and five clusters for citation disciplinary
structure.

It might be the case that there are G7 and/or BRICS countries that are more
similar, with respect to the citation disciplinary structure, to countries outside the
G7-BRICS group than to countries within this group. In order to have a more
comprehensive view of the citation disciplinary structure patterns, we extended
the set of countries used in the cluster analysis with the nine countries (apart from
the G7-BRICS countries) with the largest publication volumes in 2013. Thus, 21
countries were used in the cluster analysis.

With regard to the comparison of the disciplinary structure of the publication
volume and of the citations within a given country i, we are interested in the distance
between the publication and citation percentages Rp;, and R¢;, (j =1, ..., 10). More
precisely, we are interested in the distance between the vectors V;,, and V. The

Sim(V,, V., (5)
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Jeffreys-Matusita distance (Bruzzone L.et al., 1995) was applied to measure the
distance for a given country i in year 2013. This measure (with respect to publication
year 2013 and for country 7) is defined as:

2 1/2
DiSt(VPiZOIB’VCiZOB) = l:zlji](\/RPszom - \/Rcij20|3 ) :I (6)

Clearly, the Jeffreys-Matusita distance is similar to the well-known Euclidian
distance. However, the latter is more dependent on the magnitudes of the components
of the involved vectors. For instance, the Euclidian distance between two vectors
with very small components, and thus with small norms, might underrate the
distance between the vectors. In view of this, and in our context, we consider the
Jeffreys-Matusita distance to be a better choice than Euclidian distance.

Moreover, in order to have a summary value for country 7 in publication year
2013 across all 10 fields, we calculated means of the elements of the vectorsVy,;,,;
and Vs

1 10

Mean(VPiZOB) = EZjZIRPijZOB (7
1 10

Mean(V ;) = EZ,:lRij'ZOH ®)

3 Results

This section reports citation disciplinary structure results for countries in 2013
and within countries across 1993 and 2013. The section further reports the outcome
of the comparison of publication volume and citation disciplinary structure within
countries in 2013. Note that 21 countries, and not only the 12 G7/BRICS countries,
are taken into account with regard to the first subsection (cf. the section “Data and
methods”).

3.1 Citation disciplinary structure patterns for the G7 and BRICS
countries in 2013

Figure 1 visualizes the outcome of the cluster analysis, which is based on the
citation disciplinary structures of the G7 and BRICS countries, as well as on the
corresponding structures of the nine countries, apart from the G7/BRICS countries,
with the largest publication volumes in 2013. The clusters and countries are
represented horizontally, whereas the 10 fields are represented vertically, with the
field names located in the bottom of the figure (see Table 1 for the full names of
the fields). The dendrogram for the analysis occurs to the right of the last column
of the figure. Table 3 gives the R;,);; values (Equation 2) across the 10 fields for
the 21 considered countries for year 2013.
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Table 3. Rys5 values for 21 countries (2013).

ENG

MAT

PHY

AGR

GEO ENV BIO MED

SPA

Cluster analysis outcome of citation disciplinary structure of 21countries (2013).

Field CHE ENG MAT PHY AGR GEO ENV BIO MED SPA
Australia 1.7 2.6 1.5 1.5 2.9 4.1 5.2 29 33 24
Brazil 0.9 0.9 1.5 0.9 4.4 0.8 1.5 1.6 1.4 0.8
Canada 22 2.7 2.6 2.0 3.1 3.9 4.6 35 4.0 2.8
China 248 237 175 16.0 14.1 126  10.7 9.3 6.4 3.0
France 3.7 33 6.1 4.7 3.4 5.8 3.8 3.8 3.5 6.1
Germany 6.2 3.9 5.3 8.0 3.7 6.1 5.0 6.1 5.7 8.6
India 4.5 3.6 1.7 2.9 32 1.8 2.1 2.0 1.1 1.4
Iran 1.8 2.5 1.8 1.0 1.8 0.7 0.7 0.5 0.5 0.4
Italy 2.4 32 4.9 3.7 4.8 3.8 2.5 3.0 4.4 5.0
Japan 5.2 3.0 2.8 5.8 23 32 1.6 4.6 4.0 3.4
Republic of Korea 33 4.5 1.8 3.0 3.0 0.8 1.1 2.1 2.1 0.8
Netherlands 1.1 1.1 0.8 1.3 1.8 1.7 2.2 2.0 3.2 2.1
Poland 1.0 0.9 2.1 1.1 1.3 0.6 1.0 0.9 0.6 0.6
Russia 1.0 0.6 2.3 2.6 0.2 1.6 0.3 0.5 0.1 1.7
South Africa 0.3 0.2 0.5 0.2 0.6 0.4 0.8 0.4 0.3 0.6
Spain 3.1 2.9 3.1 24 7.2 2.4 3.8 2.6 2.3 3.0
Switzerland 1.3 1.1 1.2 1.8 0.8 2.0 2.2 L5 1.5 1.4
Taiwan 1.3 2.8 1.0 1.3 1.4 0.7 0.7 0.8 1.0 0.4
Turkey 0.6 1.3 1.7 0.6 1.7 0.6 0.7 0.4 0.9 0.2
United Kingdom 3.7 42 4.0 4.4 3.0 6.9 5.8 6.2 7.3 8.2
United States 189 173 19.6  23.1 150 279 264 325 349 375

*For each country, values in bold face are the highest two R;;; values among the 10 fields
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For each country i and field j represented in Figure 1, the darkness of the
corresponding grid is related to the value of R;;,;: the darker the color is, the larger
the value is. Countries belonging to the same cluster tend to be represented by
similar rows with respect to darkness levels across the fields. Thus, such countries
tend to have similar citation disciplinary structures, given our operationalization of
such structures.

For the 5-cluster solution, i.e. the solution with the highest overall Silhouette
value, the G7 countries belong to the same cluster, together with Australia,
Netherlands, South Africa and Switzerland, whereas the five BRICS countries are
distributed over four groups. We observe that South Africa is the only BRICS
country that belongs to the same cluster as the G7 countries. Thus, all the cluster
neighbors of the other four BRICS countries are non-G7 countries. These results
indicate that the G7 countries and BRICS countries are quite heterogeneous regarding
citation disciplinary structure.

United States and United Kingdom are the two countries that are grouped first in
the hierarchical clustering process (Figure 1), which indicates that they are similar
in citation disciplinary structure. Because the countries are grouped based on cosine
similarity values, and cosine-based measure is independent of size effects and only
focuses on the disciplinary profiles of the citations. The data in Table 3 suggest, in
more detail, why they are similar: Both countries have their highest R;5;; values
in Space Science and Medicine, and their smallest value in Agriculture. As is visible
in Figure 1, Germany, France and Italy are also grouped early in the process. Space
Science is the strongest field for those three countries in terms of citation impact.
For example, for Germany, the R;,); value of Space Science is 8.6%, while the
Rij2015 value of other fields are lower than 8% (Table 3). Apart from Space Science,
Italy and France are comparatively strong in Mathematics from a citation point of
view. Table 3 shows that for France and for a majority of the fields, the R.;,,,; value
is lower than 4%, while the R;,,,; value for Mathematics exceeds 6%. Like Germany,
France and Italy, Canada Australia and Switzerland are grouped early. For these
three countries, Life Sciences (Medicine, Biology) and Earth Sciences (Environment/
Ecology, Geosciences) are prominent fields regarding citation impact.

For China and India, both grouped together early in the clustering process, the
citation disciplinary structure is dominated by Chemistry and Engineering. For
China, Chemistry and Engineering have Rc;,,; values of about 25% and 24%,
respectively, whereas the percentages in the other fields are less than 18%. Agriculture
Sciences dominates for both Brazil and South Africa, even if the two countries do
not belong to the same cluster until the next last step in the process has been
executed, when the number of clusters is equal to 2 (Figure 2). For Brazil, the world
share of Agriculture Science is 4.41%, compared to less than 2% in the other fields.
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Also South Africa has a better performance in Agriculture Sciences compared to the
other fields.

Note that Russia is not grouped with another country until the last step of the
clustering process has been executed, when the number of clusters is equal to 1.
This indicates Russia has unique citation disciplinary structure characteristics,
relative to the other considered countries. Russia’s academic achievements in
Mathematics and Physics are globally acknowledged. This is reflected by the
citation disciplinary structure of Russia, where the R;,,; values of these two fields
are much higher compared to the other fields.

3.2 Citation disciplinary structure within G7 and BRICS countries
across 1993 and 2013

Table 4 gives similarity values, which are based on the citation disciplinary
structures in 1993 and 2013, for the G7 countries and BRICS countries. A given
value indicates the similarity between the 1993 and the 2013 citation disciplinary
structures of the corresponding country. The closer the similarity value is to 1, the
more similar are the citation disciplinary structures for a country with respect to the
years 1993 and 2013.

Table 4. Similarity values based on citation disciplinary structures in 1993 and 2013.

Country Sim(Veiroos Veizors) Country Sim(Veiroos Veizors)
Brazil 0.739 Italy 0.942
Canada 0.971 Japan 0.950
China 0.907 Russia 0.951
France 0.978 South Africa 0.963
Germany 0.969 United Kingdom 0.968
India 0.974 United States 0.982

It is clear from Table 4 that all cosine values, except the one for Brazil, are greater
than 0.9. Thus, in general the citation disciplinary structures within countries
changed to a small extent across the two considered years (the similarity value is
equal to or greater than 0.95 for nine of the 12 countries). We can see that the
similarity values of most G7 countries are slightly higher compared to a majority
of BRICS countries. For most G7 countries, then, the citation disciplinary structure
tend to be more stable compared to BRICS countries with regard to the periods 1993
and 2013.

China has a lower similarity value than the other countries, apart from Brazil
(0.907, Table 4). Compared to the other G7 and BRICS countries, the citation
disciplinary structures of Brazil and China are more dissimilar regarding the two
years. In view of this, we studied the citation disciplinary structures of China and
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Figure 2. Ry00; and Reyz955 values across fields for Brazil and China.

Brazil in more detail. Figure 2 displays the R;;99; and Ry;,; values across fields
for Brazil and China.

For 1993 publications, Brazil’s citation impact in Mathematics, Space Science
and Physics are relatively strong, whereas the performance in Biology and Medicine
is relatively poor. For 2013 publications, however, Agricultural Sciences exhibits
the (by far) strongest performance, with a large increase in world share compared
to 1993. Besides, the corresponding shares for Biology, Environment/Ecology and
Medicine have also increased a lot. For instance, the values for Environment/
Ecology are 0.4% (1993) and 1.5% (2013).

Regarding China, several fields show quite remarkable increases in world shares,
especially Chemistry and Engineering. The world shares of Chemistry and
Engineering increased with more than 20 percentage units from 1993 to 2013, while
the shares for Biology and Medicine only increased with less than 10 percentage
points. The findings indicate that the enormous upsurge of publications in the
20 years of our observation period hardly had an impact on the citation structure of
the countries under analysis. The upsurge resulted in an absolute upgrade of the
numbers of citations, but the disciplinary profiles are rather stable, even in transition
countries like Brazil or China. However, there are changes in the profiles as the
example of China shows. While the basic research fields of mathematics and physics
were the largest in terms of citations in the Chinese profile at the beginning of the
1990s, they shifted towards the more application oriented fields of engineering and
also chemistry (including material sciences). These changes, however, have a
measurable but limited impact on the overall citation profile. There is more stability
than change in the system.
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3.3 Comparison of publication volume and citation disciplinary structure
within G7 and BRICS countries in 2013

Jeffreys-Matusita distances between publication and citation disciplinary structure
within G7 and BRICS countries and in year 2013 are reported in Table 5. Also
reported are the means of the elements of corresponding vectors, which are the
world shares of publication volume and citations.

Table 5. Jeffreys-Matusita distances between publication and citation disciplinary structure and vector
means within G7 and BRICS countries.

country Dist(Vpiors, Veizors) Mean(Vp;;3) Mean(Viz5)
United States 2.1 19.2 253
Russia 1.9 2.6 1.1
Brazil 1.3 2.5 1.5
India 1.2 3.6 2.4
China 1.0 14.8 13.8
United Kingdom 0.8 4.3 5.4
Japan 0.8 4.6 3.6
Germany 0.7 5.0 5.9
France 0.5 3.9 4.4
Italy 0.4 3.5 3.8
South Africa 0.4 0.6 0.4
Canada 0.3 2.9 3.2

Most G7 countries, with United States as an exception, have lower values on the
Jeffreys-Matusita distance than BRICS countries, indicating a higher degree of
heterogeneity between the publication and the citation disciplinary structure for the
latter countries. The distance for United States is much higher compared to the other
G7 countries, which indicates a substantial difference between the two types of
disciplinary structures.

For the G7 countries except Japan, Mean(V ;) is larger than Mean(Vp,;5,3),
which indicates that on average across the fields, the citation impact performance
is stronger than publication volume performance. This result is particularly striking
for USA, with Mean(V;y;5) equal to 25.3, much higher than Mean(Vp,5y;5) (19.2),
and with the largest Jeffreys-Matusita distance of 2.1, indicating that USA gets
much more citation impact with fewer publications. For the BRICS countries and
Japan, Mean(V ;) is less than Mean(V,,;,,,5): The citation impact of these countries
lags behind publication volume. This is the case especially for Russia. Mean(V,59;5)
(1.09) is considerably smaller than Mean(Vp,;,;;)(2.58), which indicates that Russia
has less impact with more publications.
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4 Discussion and conclusions

In this study, which uses about 1 million publications and two publications years
(1993 and 2013), we have dealt with citation disciplinary structure at the country
level. We focused on the G7 and the BRICS countries. For the publication year
2013, cosine similarity values regarding the citation disciplinary structures of these
countries (and of nine other countries) were used as input to cluster analysis. For
the same publication year, the within-country Jeffreys-Matusita distance between
publication and citation disciplinary structure was measured. We also obtained
cosine similarity values for a given country and its citation disciplinary structures
across the two publication years.

The citation disciplinary structure patterns for the G7 and BRICS countries,
regarding year 2013, are quite different, which is indicated by the outcome of the
cluster analysis. For most G7 countries, the academic impact of Space Sciences
exceeds the impact of the other fields. Space Sciences has the highest citation world
share for these countries, with Canada and Japan as exceptions. Among the BRICS
countries, the citation disciplinary structure patterns are heterogeneous. China and
India perform well in Chemistry and Engineering compared to the other fields,
Brazil and South Africa in Agriculture Sciences, whereas Russia performs
comparatively well in Mathematics and Physics.

For a given country, the pattern of the publication disciplinary structure can be
assumed to be related to the S&T level of the country (Kozlowski et al., 1999; King,
2004; Kostoff et al., 2007). Based on the results of this study, citation disciplinary
structure is also relevant to the S&T level of a country. USA and United Kingdom
represent high S&T level countries, and they have higher world share citation
impact in Space science and Medicine. Some countries with lower S&T levels, like
China and India, perform better in Chemistry, Physics and Engineering, while the
citation impact in Medicine and Biology lags behind. Chemistry, Physics and
Engineering can be seen as the material-related fields, focusing on the studies of
non-living systems, whereas Medicine and Biology can be regarded as life-related
fields, which are helpful in improving the quality of life. Countries with relatively
low S&T level usually give priority to the development of material-related fields,
and high S&T level countries often shift their development priorities to the life-
related fields.

S&T policy or strategy might also make contributions to the evolution of
disciplinary structure. About one decade ago, Brazil created a new economic model
named “Natural Knowledge Economy” (DEMOS, 2008).The field changes for
Brazil in world share citation impact from 1993 to 2013 (from best relative
performance in Mathematics, Space Science and Physics in 1993 to best relative
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performance in Agricultural Sciences in 2013) might partly be explained by the
establishment and maintenance of this economic model.

The citation disciplinary structure is related to a country’s national conditions
(apart from S&T level and policy), such as history and natural resources. Both
Mathematics and Space Science harvested more citations compared to other fields
for France and Italy. In these two countries, research in astronomy and mathematics
started many centuries ago, leading to the high impact of contemporary research in
these fields. For Canada and South Africa, countries rich in natural resources, the
citation impact in Environment/Ecology is relatively high.

Based on the analysis of the citation disciplinary structure within countries across
publication years, we can see, comparing 1993 to 2013, that for most G7 and BRICS
countries, their citation disciplinary structures did not change to any greater extent,
which reveals that the evolution of the citation disciplinary structure can be seen as
a drawn-out process. This is related to the fact that it might take quite a long time
to raise the S&T level of a country. The drawn-out process is also related to the
circumstance that the unique national conditions of a country typically do not
change rapidly.

For the comparison of publication volume and citation disciplinary structure in
the year 2013, the G7 countries get more academic impact with less publications,
whereas the academic impact lags behind publication volume for BRICS countries.
If we regard publication volume as input, and citation impact of the publications as
output, then a comparison of input and output could tell us something about scientific
output efficiency or at least productivity. In this study, the G7 countries tend to have
higher output efficiency than the BRICS countries. The scientific output efficiency
of a country is affected by its S&T level. On the other hand, the improvement of
scientific output efficiency could promote the enhancement of the S&T level. Low
S&T level countries (such as the BRICS countries) usually have relatively low
output efficiency. To focus on publishing publications with high scientific quality,
rather than on publication volume, might be a fruitful strategy for such countries
regarding S&T level enhancement.

The citation disciplinary structures of countries depend on multiple and complex
factors. It is therefore difficult to completely explain the formation and change of
the citation disciplinary structure of a country. This study suggests some possible
causes, whereas detailed explanations might be given by future research.

Finally, we have to mention three limitations. First, the results of this study are
based on the WoS database. However, in this database some fields are covered to a
greater extent than others, which may affect the results for the citation discipline
structure for some studied countries. In future research, we might repeat this study
using another database (like Scopus) and, in that case, we would like to make
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comparisons between the two outcomes. Second, the length of the citation window
used in this study is three years. However, scientific disciplines differ in their
citation practices. Comparison between citations across disciplines using the same
citation window length may affect the citation discipline structure results for some
countries. Third, the use of a constant journal set yielded that a large share of the
journals covered by WoS year 2013 is ignored in the study. Thus, disciplinary
structure is studied based on a quite restricted set of publications. The three
mentioned limitations should be kept in mind when the results of this study are
interpreted.
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