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Bibliometric analysis is widely used for the assessment of collaboration both at the
domestic and international levels, which has been known as one of the essential parts of academic
performance and enhancement of scientific productivity and visibility. Evaluation of national and
international cooperation in the framework of jointly published papers in biology underlies the
core of present study. This research provides insight into the nature of scientific productivity and
international scientific cooperation. The study aims to give a bibliometric overview via
scientometric indicators based on a bibliometric database of published articles in the Biological
Journal of Armenia during 2007-2020. The main indicators used for the evaluation of co-
authorship patterns include the degree of collaboration, collaboration index, and the collaboration
coefficient. The visualization of landscapes for both institution-wise and country-wise distributions
within the international cooperation has also been performed.

Bibliometrics — collaboration — bibliometric indicators — collaboration indexes

Uwuwntlwaghnwywl yGpineéneeiniup (wjunptu oginwgnpdynid £ huswbu wqguw)hu, wjuwbGu
£l Uhpwaqguwjht Jwywpnwynid ghinwywl hwdwgnpéwygnientup guwhwwnbine hwdwp, npp hwjinup
E npwbu wywntUhwywl wpunwnpnnuywuncpjwu, yGpghuhu punjwjudwl W wnbuwUbhniejwlu
pwpapwguwl Yuwnplnpwgniu tnwppbphg Jtyp: Unuu niuncdUwuppnijwl hhdenud puywé £ YEUuw-
pwuntpjwl Yyepwptpjw) hwdwuntbn hpwwwpwyjwsd hnnduéutph dhgngny inbnwywu W vhgwaggquihu
hwdwagnpéwygnipjwl quwhwwninidp: Wu hGnwgnuninieintp ywwnybpwgned wpnn £ wnwp ghnw-
Jwu wpunwnpnnuywuniejwl b vhgwqguwiht ghnwywl hwdwagnpbéwygniejwu punyeh Jdwuhl:
3Gwnwgnnniejwl Lwywwnwlu B ghinwswithwywl gnigwuhpubpny hpwywlwglt) JwinBuwghunwywl
Jtpneénieinll® hhdudbing 3wjwunwtuh YEuuwpwlwywl hwunbunid 2007-2020pR.-h pUpwgenLU
nwwagnywsd hnnjuwslbph  Jwnblwghunwywu ngjuiutph pwquih Ypw: IwdwhBnhbwynipjwl
ophlwswihnientlubnh guwhwwndwl hwdwn ogunwgnpéynn hhdbwywl gnigwuhputpp UGpwnenid GU
hwdwgnpéwygniejwl wunhdwup, hwdwgnpdwygnijwl hunteup W hwdwagnpbdwygniejwu gnpdw-
Uhgp: Spdb E bwl vhgwqguiht hwdwagnpdwygniejwl 2npwuwyutpnd hwdwagnpdwlgnn huuwnh-
winntinubph W Gpypubph pw2fudwl wwwnytpp:

Uwwnblwaghwnieinit — hwdwagnpéwlygnieinil — dwinblwgswhwlwl gnighstbn —
hwdwagnpéwlgneewl hunteulbn

EH6HHOFpa(1)H‘IeCKHﬁ aHalli3 M[MHUPOKO HUCHOJIL3YEeTCA JId OLCHKHW HAY4YHOIo COT-
PYAHUYICCTBA KaK Ha HAITMOHAJIBHOM, TaK U Ha MEXKAYHAPOAHOM YPOBHAX, KOTOPOE€, KaK U3BECTHO,
ABJIACTCA OAHUM M3 KITHOUYCBBIX 3JICMCHTOB IOBBILICHU A axaaemnqecxof/i MPOU3BOAUTEIIBHOCTH,
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TIOBBIIICHNS] HAYYHOW MPOIYKTHBHOCTH M BHANMOCTH. OIleHKa HAI[MOHAIBHOTO M MEXIyHapoa-
HOTO COTPYJHHYECTBA B PaMKaX COBMECTHO ONYOJIMKOBAHHBIX CTaTei IO OWOJIOTHH JIEKHUT B
OCHOBE 3TOT0 HccleoBaHus. Hacrosiee uccie[oBaHHe MOKET JaTh IPEACTABICHHE O NPUPOJE
Hay4YHOH NPOAYKTHBHOCTH M MEXAYHApOAHOTO HAYYHOTO COTpyAHHYecTBa. Llenp uccaenoBaHus —
JIaTh OMOIMOMETpUYECKH 0030p ¢ MOMOLIbIO HAYKOMETPUYECKUX IOKa3aTesieil Ha OCHOBE OHO-
JHOMETpHYecKol 0a3bl JaHHBIX CTaTeH, OImyOIMKOBaHHBIX B brojormueckoM sxypHane ApMeHHH
3a 2007-2020 roapr. OCHOBHBIE [TOKA3aTENH, HCIIOIb3YeMbIe I OIIEHKH ITAaTTEPHOB COaBTOPCTBA,
BKJIIOYAIOT CTETEHb COTPYIHUYECTBA, HHAEKC COTPYIHHIECTBA U KO3()(OUIUEHT COTPYAHUIECTBA.
Taxoxe OblTa IIpoBeeHa BU3yalH3alys KaK ISl HHCTHTYIIHOHAIBHBIX, TaK M I HAI[HOHAIBHBIX
pacnpezieNieHHi B paMKax MEXIyHapOIHOTO COTPYIHUYECTBA.

bubnuomempus — compyonuuecmeo — 6ubIUOMEMpudecKue noKazamenu —
UHOEKCHbl COMPYOHUUeCmsea

Collaboration is a vehicle for transferring knowledge that leads to economic
development and growth [10, 16]. Collaboration, on both national and international
levels, has been identified in a series of studies as a crucial factor in bringing together
the expertise that resides in different sectors and institutions to enhance research
productivity [11]. However, it is now commonly expected that the network of
collaborations should be well developed to at least the continental level [1].

Collaboration may result in cross-fertilization of ideas and clash of views which
may, in turn, generate new perspectives in science suggesting that internationally co-
authored articles represent a more important segment of the world science [2].
Bibliometric analysis of the impact or visibility of scientific publications as a result of
scientific collaboration seems to support the idea that it pays to cooperate [7]. By
collaboration, scientists can share and pass knowledge, set up a network of academic
communication, and generate new academic thoughts, meanwhile, decreasing research
costs and increasing research productivity [13].

There is an increasing demand for collaborative relationships among individuals,
organizations, and countries. International collaboration in scientific research has
increased rapidly in recent decades [4], particularly in the biological sciences [15]. It is
worth mentioning, that the collaboration in biology has increased substantially and takes
different shapes in field and laboratory work. Teamwork in biology has increased due to
a combination of increasing research funding, greater attention to research into life, and
transformations in how biologists position their research [14].

In many important areas of biological research, the scientific process increasingly
involves catalyzing collaborative efforts that bring together investigators with diverse
scientific backgrounds and perspectives to solve complex problems that benefit from an
interdisciplinary or multidisciplinary approach [3]. Besides the mutuality of interests in
taking the benefits of collaboration, economic exchanges, educational exchanges, and
foreign policy plays a dominant and significant role in deciding the collaboration ties
among scientists [6]. Although, studies of collaboration across sectors are preferably
studied in their national context [5].

A growing science policy interest in international scientific collaboration has
brought about a multitude of studies which attempt to measure the extent of international
scientific collaboration between countries and to explore intercountry collaborative
networks [8]. Research methods that are used to measure scientific collaboration include
bibliometrics and scientometrics [12].

The current study aims to evaluate the co-authorship and scientific collaboration
patterns in biology based on a bibliometric database of the Biological Journal of
Armenia from 2007 to 2020.
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Materials and methods. The data required for bibliometric analysis was gathered from the
Biological Journal of Armenia 2007-2019 period. Collected data were analyzed with the help of
Ms. Excel. The current article is focused on co-authorship patterns by the evaluation of the Degree
of collaboration (DC) by Neelamma G. [9].

MNm+Ns @

Degree of collaboration (DC) =

where, Nm = number of multi authors during a specific period in a discipline, Ns = number of single
authors publications in a discipline during a given period. Additionally, for determining the strength
of co-authorship the Collaborative coefficient has been also assessed by the given formula (2),

CC=

Here F;j is the number of j-authored research papers, N is the total number of overall
published research papers, and k is the maximum number of authors per paper. CC tends to zero as
single-authored papers dominate and to (1 — 1/j) as j-authored papers dominate. This implies that
the higher the value of CC, the higher the probability of multi-authored papers [4].

Results and Discussion. The total number of papers both single and multi-
authored, also the number of authors for each year have been calculated and depicted in
Table 1. The co-authorship patterns for the period 2007-2020 show that the input of
single-authored papers is equal to 33.6% (347 papers), while multi-authored ones shared
about 66.3% (673 papers) in the total quantity of articles (total 1020 papers). It was also
observed that the total author per paper ratio is approximate 2.81, which was evaluated
by the following procedure;

Total no. of authors
Total number of papers

Average authorper paper=

To calculate the collaborative index, the above-mentioned formula has been used
according to Neelamma G. [9],
iz 1/fi
N

r

which is a measure of the mean number of authors; f1, 2, f3...... = measures the number
of authors, N = Number of publications in that year.

In the result, it was detected that, during the studied period, the Collaboration
Index underwent significant changes. In particular, from 2007 the CI gradually
increased, especially in 2020. The highest index was observed in 2008, 2010, and 2014.
The importance of international collaboration and processing of cooperation networks
are vital for sharing the academic expertise and increase of jointly published papers.
Moreover, the induce of visibility for research output makes it possible for establishing
scientific collaboration with scholars from various institutes, scientific centers, and
universities. It is very important to use a collective unit in the evaluation of the
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Table 1. Co-authorship patterns in biology based on Biological Journal of Armenia

2.93 2.96

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Publication Years

from 2007 to 2020
Years | Total Number of Papers Total no. Total no. of Total
Papers of single- Authors
Single-authored | Multi-authored | Multiple- authors
papers, (%) papers, (%) authors
2007 64 19 (29.7%) 45 (70.3%) 161 19 180
2008 54 16 (29.6%) 38 (70.4%) 152 16 168
2009 63 22 (34.9%) 41 (65.1%) 141 22 163
2010 71 20 (28.2%) 51 (71.8%) 194 20 214
2011 77 28 (36.4%) 49 (63.6%) 167 28 195
2012 85 30 (35.3%) 55 (64.7%) 200 30 230
2013 101 42 (41.6%) 59 (58.4%) 228 42 270
2014 89 28 (31.5%) 61 (68.5%) 232 38 270
2015 69 28 (40.6%) 41 (59.4%) 153 32 185
2016 65 18 (27.7%) 47 (72.3%) 173 18 191
2017 104 31 (29.8%) 73 (70.2%) 259 31 290
2018 67 23 (34.3%) 44 (65.7%) 155 23 178
2019 60 21 (35.0%) 39 (65.0%) 158 18 176
2020 54 21 (38.8%) 35 (64.8%) 141 19 160
=p=ollaboration indexes
52 3.11 3.01 3.03 2.94

Fig. 1. Distribution and the dynamic changes of Collaboration Index during 2007-2020

collaboration, which will include the number and share of jointly published papers of
different scientific units, the strength of the co-authors' links, and the impact indicators

of the co-author's publications.

During this study, the overall degree of collaboration (DC) has been evaluated.

The distribution of DCs is shown in Figure 2.

According to Figure 2, the degree of collaboration was changed during the study
period. Intriguingly, as in the case of the collaboration index, the highest index for DC
was indicated in 2010 and also in 2016 as well. After 2016 DC was reduced. In
particular, the decrease of DC in 2020 was probably due to a possible impact of the

Covid-19 pandemic on scientific productivity.
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Fig. 2. Degree of Collaboration (%) for the studied period

Based on the data in Table 1, the Collaboration Coefficient from 2007 to 2020
has been calculated.

Calculation: CC=1=-[/1+1/2) 2+ (1/3) +... + (1/k) fk]

The results are shown in Table 2 and Figure 3. CC is calculated based on a
collection of single-authored papers and distinguishes between single-authored, two-
authored, etc., papers. It varies from 0 to 1. There is a robust decrease in CC from 2009
to 2015. The tendency of zero value is associated with the dominance of single-authored
papers among publications. From Figure 3, we can consider that the Collaborative
Coefficient has increased since 2017 from 0.07 to 0.57 indicating that the collaboration
is quite high among biologists in recent years. The average CC is 0.31.

Table 2. Collaborative Coefficient (CC) distribution from 2007 to 2020

Years Number of Authors CcC
Single | Two | Three Four Five Six Seven Eight | Nine
2007 19 8 14 15 5 3 0 0 0 0.49
2008 16 15 12 3 3 3 2 1 0 0.03
2009 22 14 9 9 5 3 1 0 0 0.44
2010 20 10 16 10 10 10 1 0 3 0.41
2011 28 17 11 10 6 5 0 0 0 0.31
2012 30 11 12 24 4 3 0 1 0 0.22
2013 42 12 16 11 13 4 1 2 0 0.03
2014 42 12 16 11 13 4 1 2 0 0.03
2015 28 7 14 9 5 2 4 0 0 0.38
2016 18 10 16 8 10 1 0 1 1 0.50
2017 31 17 23 18 9 4 1 1 0 0.07
2018 23 11 16 7 6 3 0 0 1 0.42
2019 18 8 15 5 7 2 3 0 1 0.53
2020 19 3 9 8 7 3 1 2 0 0.57
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Collaboration Coefficient
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Fig. 3. Distribution of Collaboration Coefficient (CC) during 2007-2020

Institution-wise and country-wise distributions of jointly published papers are
given in Table 3. The bibliometric data have been segregated by countries with several
multi-authored publications. There were 55 affiliations and about 18 countries with
scientific cooperation reported in the studied journal. The examination of scientific
output with co-authored papers revealed that a total of 53 papers were published in the

framework of international collaborations during 2007-2020.

Table 3. Country-wise distribution of jointly published papers from 2007 to 2020

No. of Names of No. of jointly Publication Years
countries Countries published
papers, (%)
1 Belarus 5 (11.9%) 2012;2013
3 Croatia 1 (2.3%) 2020
4 Denmark 1(2.3%) 2013
5 France 1(2.3%) 2010
6 Georgia 1 (2.3%) 2020
7 Germany 5 (11.9%) 2008;2011,2013;2014,2020
8 Iran 7 (16.6%) 2008;2009;2010;2011,2013;2014
9 Italy 1 (2.3%) 2008
10 Malaysia 1 (2.3%) 2015
11 Norway 1 (2.3%) 2013
12 Poland 1 (2.3%) 2017
13 Switzerland 1(2.3%) 2013
14 Russia 9 (21.4%) 2007;2008;2014;2016;2018
15 Syria 1(2.3%) 2008
16 UK 1 (2.3%) 2010
17 Thailand 1(2.3%) 2014
18 Ukraine 2 (4.7%) 2014,2017
19 uUs 2 (4.7%) 2010;2016
Total 42 papers
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Russia has the highest share (approximately 21.4%) of publications followed by
Iran (16.6%), Belarus (11.9%), and Germany (11.9%) with the same share of papers, UK
and the US respectively binary publications (4.7%). The other 55 institutions from
various countries shared about one paper in the collaboration with Armenian partners. It
has been revealed that there are about 5 productive institutions (at least 2 jointly
authored papers) within the international collaboration where the Russian scientific
organizations were predominant (Table 4).

Table 4. Institution-wise distribution of jointly published papers during 2007-2020

Name of Institutes Countries No. of papers
abbreviation

1. | Institute of Bioorganic Chemistry, National | BY 3
Academy of Sciences of Belarus

2. | Senkenberg Research Institute, Germany DE 3
University of Tehran IR

4. | Scientific Research Institute of Physical and | RU 2
Chemical Biology named after A.N.
Belozersky

5. | Sukachev V.N. Institute of Forest SB RAS RU 2

Total 12 paper

There are a few scholars from foreign countries that were interested regarded to
publishing in the Biological Journal of Armenia. The list of countries with the number of
papers and years of publications is given below (Table 5).

Table 5. Country-wise distribution of papers published by foreign scholars

from 2007 to 2020
No. of countries | Names of Countries | No. of papers Publication Years
1. China 1 2013
2. Georgia 2 2009
3. Germany 2 2009;2013
4. Iran 4 2008;2011
5. Oman 4 2011;2012
6. Russia 8 2009;2012;2013;2014,2015,2017
7. Ukraine 2 2014;2020
8. Turkey 1 2015
Total 24 paper

This evidence suggests that the foreign scientists are quite interested in this
journal, probably due to a collaborative effort of the Armenian biological society that
makes the joint publications promising and possible and the fact that the Biological
journal of Armenia was indexed in Scopus database.

Interestingly, the international collaboration is multidirectional from the point of
geographical regions and continents in general, which includes not only the Caucasian
region, but also Europe, Asia, and North America. This evidence supports the idea that
the Armenian biological society is actively and efficiently collaborating with foreign
scientists fostering academic productivity even in the framework of one specific
scientific journal publishing in Armenia.
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