International Journal of Digital Library Services ISSN:2250-1142 (Online), ISSN 2349-302X (Print)

Vol. 7, October - December, 2017, Issue - 4 www.ijodls.in

AUTHORSHIP AND COLLABORATION PATTERN
OF TOXICOLOGY RESEARCH IN INDIA : A
SCIENTOMETRIC STUDY

Renuka S Mulimani
Junior Research Fellow,
Department of Studies in Library & Information Science,
Karnatak University, Dharwad, Karnataka, India.
E-mail:renuka.mulimani92 @gmail.com

Dr. Gururaj S. Hadagali
Assistant Professor
Department of Library & Information Science,
Karnatak University, Dharwad, Karnataka, India.
E-mail:gururajhadagalil 23 @gmail.com

Abstract

The present study is carried out to evaluate the authorship and
collaboration pattern in the field of Toxicology of Indian literature for the
period of 1990-2016. A total of 9,184 publications were extracted from the
Web of Science database. The outcomes of the study are: there is an
increasing trend towards collaboration research; there is an exponential
growth of publications during the period; the Indian Institute of
Toxicology Research, Lucknow ranked first among the prolific
institutions; the average Activity Index of India in the field of Toxicology
is 93.46.
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1. Introduction

Gone are the days when authors or scientists emphasised on solo research. The trend is
now shifting from solo research to collaboration. This scenario goes well with the
statement given by one of the Presidents of the United States of America, Abraham
Lincoln, “If we exchange one dollar, we both have one dollar each. But if we exchange
one good thought, we both have two good thoughts” (Abraham Lincoln. (n.d.).

Hence, the research is progressively done in groups across almost all the fields. Groups
commonly create more literature in lesser time than what an individual does, and this
trend has been expanding over the time. Groups now additionally deliver high impact
literature, where that was at one time the space of solo authors (Wuchty et al. 2007).
Recently, in many fields such as Science, Technology, Engineering & Mathematics
(STEM), more than 90% of research works and contributions are as the result of
collaborative works (Bozeman and Corley, 2004). The term Collaboration is defined as a
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“process where two or more individuals or organizations deal collectively with issues that
they cannot solve individually” (Ecosystem Management Initiative, 2002). Katz and
Martin (1997) defines Collaboration as ‘‘the working together of researchers to achieve
the common goal of producing new scientific knowledge’’.

Upon reviewing the various definitions on collaboration, Hara et al.(2003) noticed
two common elements i.e working together for common goal and sharing of
knowledge. There are several factors which influence the authors to go for team
work. Hara et al. (2003) identified compatibility, research work connections,
incentives and socio technical infrastructure as the four key factors which impact
collaboration efforts. The present study is conducted to assess the authorship and
collaboration pattern in the field of Toxicology.

The traditional definition of Toxicology is the science of poisons (Klaassen & Amdur,
1996). Toxicological sciences have become increasingly intertwined to everyday life of
human beings. The chemicals are present in the food, cosmetics, medicines, pesticides,
industrial emissions etc. Toxicology has been involved in almost every aspect of human
life. Although the various disciplines are differentiated from each other, they overlap each
other on many points. Because, the principle point of focus for all Sciences is the human
being. Toxicology has its impact on human beings and other living organisms from cradle
to coffin. The Toxicology literature is analysed in this study using various scientometric
indices. The interdisciplinary and complex nature of the Toxicology discipline demands
in depth knowledge of the subject. As no individual can acquire all the knowledge on
various aspects of a complex subject, the authors opt to work in collaboration (Katz and
Martin, 1997).

2. Review of Related Literature

In the present study, the review of literature is carried out to understand the previous
studies conducted on the field of Toxicology and its allied areas, various methodologies
used and to understand the findings of those studies. Reviewing the literature is essential
to avoid the duplication of the studies which will be cumbersome if not conducted,
resulting in wastage of time, money and energy.

Delirrad et al. (2012) compare Toxicology publications of Iran and Turkey as reflected in
the Web of Science database. The study reveals that the Iranian toxicologists
outperformed than their Turkish counterparts. Jeyasekar and Saravanan (2014) carry out a
scientometric analysis of the literature on global Forensic Science research published
during the period 1975-2011. It is inferred from the study that there was an exponential
growth of Forensic Science literature. Zyoud et al. (2014) conduct a bibliometric analysis
on the research productivity of Middle Eastern Arab (MEA) countries. The Toxicology
journals were used as the source for collecting the data. The study pointed out that the
Arab journals witnessed the good research activity in the MEA countries on the area of
Toxicology. Zyoud et al. (2017) analyse the global output on the cocaine intoxication as
indexed in the Web of Science database. An attempt has been made to study the research
trends in the area of cocaine intoxication at global level. The study noted that the United
States of America (USA) stands first with regard to the number of publications, h-index
and international collaboration.
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Kaur and Gupta (2013) examine the Indian output in the fields of Pharmacology,
Toxicology and Pharmaceuticals for the period 1998-2007. The data for the study was
retrieved from Scopus database. India ranked 8" among the top 12 productive
institutions. Afshari (2014) evaluates the Toxicology research output of the Asia Pacific
(AP) region. The study ascertains that the productivity of AP region has increased over
the past 18 years. North American countries dominated the AP region countries by
receiving more number of citations. Alhaider et al. (2013) emphasize on the research
performance of Saudi Arabia in the field of Pharmaceuticals. The study found that there is
a lack of improvement in terms of number of publications in the field of pharmaceuticals.
Kumbar and Biradar (2015) focus on the research trends in the area of Forensic Science
using scientometric measures. The data for the study was collected from the Web of
Science database. The study revealed that the Forensic Science is one of the emerging
areas of research among the basic sciences.

3. Objectives of the Study

The main objective of the present study is to analyse the Toxicology research output of
India for the period of 1990 - 2016. The specific objectives of the study are to:
1. ascertain the research productivity of India in the area of Toxicology during the
period 1990 —2016.
2. emphasize on the pattern of growth of research output in Toxicology research in
India for the period 1990 — 2016.
3. assess the authorship and collaboration pattern in the field of Toxicology.
4. assess the impact of highly productive institutions using different impact
indicators.
5. 1identify the domestic and international collaboration and to measure the domestic
and international collaborative index .

4. Methods and Materials

Web of Science was selected as the source for the study, because of its comprehensive
coverage of research pertinent to the Science discipline. The database was searched using
the keyword Toxicology. The period of 27 years was chosen, as the, long term data will
be useful to understand the changes occurred in the pattern of the output distribution,
authorship trend and collaboration pattern over the decades. Year wise output of India and
the World was noted down for a period of 27 years. The data was extracted, tabulated and
analysed using various scientometric indices such as Activity Index (AI), Collaboration
Coefficient (CC), Collaboration Index (CI), Degree of Collaboration (DC), Domestic
Collaboration Index (DCI), International Collaboration Index (ICI), Publication
Efficiency Index (PEI), Relative Growth Rate (RGR), and Doubling time (Dt). The string
used for retrieving the data was; SU=(Toxicology) AND CU=(India) PY=(1990-2016).

5. Analysis and Interpretation of data

5.1 Authorship pattern in Toxicology research
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The table 1 illustrates the year wise output along with the values of Collaboration
Coefficient (CC) and Collaboration Index (CI). The three authored publications (2187)
are highest in number, followed by two authored publications (2118). The highest number
of papers (673) were published in the year 2012, followed by 609 papers published in the
year 2013. The lowest number of papers (142) were published in the year 1998, followed
by the year 1997 comprising 145 articles resulting second lowest number of publications.
The value of CC (0.72) is the highest for the year 2015 and the lowest (0.37) for the year
1992. The CI value for the entire period is 3.95. The value of CI indicates the mean
number of authors per publication. It is evident from the CI value (3.95), and the increase
in the value of CI from 1992 (0.59) to 2015 (0.72), the authorship trend is shifting from
solo research to multi authorship. There was a decline in the number of publications
during the period 1997 -1999.

Table 1: Authorship pattern in Toxicology research

Authorship Pattern

Year 1 2 3 4 5 6 7 8 9 10 | >10 | Total | CC | CI
1990 9 60 50 18 11 3 6 2 0 0 |0 159 0.59

1991 14 |62 63 36 19 9 3 2 0 0 |0 208 0.61

1992 8 82 66 27 15 16 5 2 0 1 1 223 0.37

1993 12 51 63 34 10 9 2 1 1 1 0 184 0.61

1994 9 77 58 21 10 6 2 1 2 0 |0 186 0.59

1995 10 | 57 42 22 13 6 4 1 2 0 |0 157 0.60

1996 6 48 51 28 12 6 7 0 0 0 1 159 0.63

1997 4 47 46 22 11 10 3 0 0 0 |2 145 0.64

1998 7 59 32 26 7 5 1 2 2 1 0 142 0.60

1999 7 57 29 27 17 5 4 4 1 0 1 152 0.62

2000 7 44 45 42 13 7 3 5 1 0 |2 169 0.64

2001 13 54 48 45 27 16 7 2 0 0 |4 216 0.64 | 3.95
2002 8 50 43 44 19 16 6 3 1 1 3 194 0.65

2003 16 |71 63 42 31 25 11 2 2 1 6 270 0.65

2004 22 67 75 48 31 9 7 4 1 2 |2 268 0.62

2005 10 | 67 59 73 37 21 11 9 1 7 297 0.67

2
2006 11 86 112 69 46 36 15 11 4 4 |8 402 0.68
4 2

2007 6 78 111 90 44 34 16 |6 7 398 0.69

2008 11 100 123 100 48 41 26 10 10 |3 474 0.68

2
2009 16 | 95 105 99 71 55 20 12 6 3 6 488 0.68
6

2010 16 106 107 126 71 50 33 22 7 5 549 069

2011 8 125 148 119 77 56 30 |20 11 12 612 0.7

6
2012 16 135 153 137 89 55 37 120 15 9 |7 673 0.69
7

2013 15 123 133 114 81 56 |41 15 12 12 609 0.69

2014 11 106 115 104 79 74 42 | 25 21 16 | 15 608 0.71
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2015 8 100 114 118 100 62 39 18 13 10 | 23 605 0.72

2016 26 111 133 103 84 58 49 |21 18 11 |23 637 0.69
Total 306 | 2118 | 2187 | 1734 | 1073 | 746 | 430 | 220 | 136 | 84 | 150 | 9184 0.67

Table 2: Degree of Collaboration in the field of Toxicology research

Authorship Pattern Number of | % of Total | DC
Publications | Publications

Total number of Single/Multi Authored | 9184 100

Publications

Number of Co- Authored Publications | 8878 0.96

(NM)

Number of Single Authored Publications | 306 3.33

(NS)

Number of two Authored Publications 2118 23.06 0.87

Number of three Authored Publications 2187 23.81 0.87

Number of Four Authored Publications 1734 18.88 0.85

Number of Five Authored Publications 1073 11.68 0.77

Number of Six Authored Publications 746 8.12 0.70

Number of Seven Authored Publications | 430 4.68 0.58

Number of Eight Authored Publications | 220 2.39 0.41

Number of Nine Authored Publications 136 1.48 0.31

Number of Ten and above Authored | 234 2.54 0.43

Publications

5.2 Degree of Collaboration (DC) in the field of Toxicology research

The table 2 depicts the Authorship Pattern and the Degree of Collaboration. It can be
interpreted from the table that there is an increasing trend towards co- authorship. Three
authored publications are the highest in number comprising 2187 (23.81%) articles,
followed by two authored publications which comprise 2118 (23.06%) articles. Four
authored articles constituted 1734 (18.88%) and five authored articles constituted 1073
(11.68%) of the total publications. It is evident from the table that the value of DC is the
highest (0.87) for the two and three authored publications and is the lowest (0.31) for the
nine authored publications.
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Table 3: Publications by number of authors in Toxicology research in three block

periods
Nine years | Single Two authors | Three Four & | Total
block author authors above
authors

1990-1998 | 79 (5.05%) | 543 (34.74%) | 471 (30.13%) | 470 (30.07%) | 1563

1999-2007 | 100 574 (24.26%) | 585 (24.72%) | 1107 2366
(4.22%) (46.78%)

2008-2016 | 127 1001 1131 2996 5255
(2.41%) (19.04%) (21.52%) (57.01%)

Total 306 2118 2187 23.81%) | 4573 9184
(3.33%) (23.06%) (49.79%)

5.3 Growth of Publications in three block periods

The table 3 presents the growth of publications in three block periods under the different
categories of co-authorship. The single authored publications have increased from 5.05%
for the period 1990-1998 to 4.22% during 1999-2007 and decreased further to 2.41% for
the period 2008 to 2016 with an average 3.33% for the entire period. The two authored
publications are reduced from 34.74% during 1990-1998 to 24.26% for the period 1999-
2007 and it further decreased to 19.04% during the period 2008-2016 with an average
percentage of 23.06% for the overall period of the study. The proportion of three authored
publications have decreased from 30.13% during 1990-1998 to 24.72% for the period
1999-2007 and decreased further to 21.52% for the period 2008-2016 with an average
23.81% for the entire period of study. Four and above authored publications have
increased from 30.07% during 1990-1998 to 46.78% for the period 1999-2007,
proportion of publications increased further to 57.01% for the time frame 2008-2016 with
an average of 49.79% for the entire period. The analysis indicates that there is an
increasing trend towards multiple authorship.
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Figure 1. Relative Growth Rate (RGR)
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Figure 2. Doubling Time (Dt)
Table 4: Relative Growth Rate and Doubling time of articles
Year | No. of | Cumulative | Log. | Log. | R Mean | Dt. | Mean
Articles | No. of | 1P 2P P |R®P Dt.
Articles
1990 | 159 159 5.06
1991 [ 208 367 506 |59 0.84 0.8
1992 | 223 590 59 6.38 |0.48 1.4
1993 | 184 774 6.38 |6.65 |0.27 2.6
1994 [ 186 960 6.65 |6.86 |0.21 33
1995 [ 157 1117 6.86 |7.01 |0.15 |0.25 4.6 |35
1996 | 159 1276 7.01 |7.15 |0.14 5
1997 | 145 1421 7.15 | 725 0.1 6.9
1998 | 142 1563 725 | 735 0.1 6.9
1999 | 152 1715 735 | 7.44 10.09 7.7
2000 | 169 1884 744 754 0.1 6.9
2001 | 216 2100 7.54 |7.64 |0.1 6.9
2002 | 194 2294 7.64 [7.73 ]0.09 7.7
2003 | 270 2564 7.73 | 7.84 10.11 | 0.1 6.3 | 6.81
2004 | 268 2832 7.84 [7.94 |0.1 6.9
2005 | 297 3129 7.94 |8.04 |0.1 6.9
2006 | 402 3531 8.04 |8.16 |0.12 5.7
2007 | 398 3929 8.16 |8.27 |0.11 6.3
2008 | 474 4403 827 [8.39 |0.12 5.7
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2009 | 488 4891 839 [849 |0.1 6.9
2010 | 549 5440 8.49 | 8.6 0.11 6.9
2011 | 612 6052 8.6 8.7 0.1 6.9
2012 | 673 6725 8.7 8.81 [0.11 |0.09 6.3 | 7.64
2013 | 609 7334 8.81 |89 0.09 7.7
2014 | 608 7942 8.9 8.97 |0.07 9.9
2015 | 605 8547 8.97 [9.05 |0.08 8.6
2016 | 637 9184 9.05 |9.12 |0.07 9.9

5.4 Relative Growth Rate (RGR) and Doubling time (Dt)

The table 4 depicts the yearwise Relative Growth Rate and Doubling time of publications.
It can be inferred from the table that RGR has been decreasing from 0.84 in the year 1991
to 0.07 for the year 2016. On the other hand, the value of Doubling time (Dt) goes on
increasing from 0.82 in the year 1991 to 9.9 for the year 2016. The value of RGR (0.84) is
the highest for the year 1991 and the lowest (0.07) for the year 2016. Whereas, value of
Dt is the highest (9.9) for the year 2016 and the lowest (0.82) for the year 1991. Hence,
the inference can be derived from the table that RGR and Dt are inversely proportional to
one another.

5.5 World and the Indian output during 1990-2016

The Activity Index was measured using the formula suggested by Price (1981) and used
by Karki and Garg (1997) in their study on Alkaloid Chemistry research in India. The Al
value reveals the research performance of India during the period 1990 - 2016. It is useful
in comparing the nation’s research performance with the global research performance. It
helps to understand where India stand, whether it is lagging behind or in forefront with
respect to the world research. The table 5 shows the Activity Index of India for the given
period. The Activity Index is the highest (143.52) for the year 2012 and the lowest
(57.03) for the year 1998. Except for the year 1992, India’s efforts in the Toxicology
research were lower than that of the world during the period 1990 to 2006. From the Year
2006 - 2016, India’s efforts were more than that of the world. India’s contribution reached
its peak in the year 2012.

Table S : World and Indian Output during 1990-2016

Year | World Output | Indian Activity
Output Index(Al)
1990 | 6557 159 73.93
1991 | 6392 208 99.12
1992 | 6646 223 102.1
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1993 | 6789 184 82.64
1994 [ 7211 186 78.59
1995 | 7206 157 66.14
1996 | 7595 159 63.83
1997 | 7172 145 61.32
1998 | 7574 142 57.03
1999 | 7513 152 61.56
2000 | 7610 169 67.89
2001 | 8553 216 77.04
2002 | 7992 194 74.03
2003 | 10342 270 79.4
2004 | 9996 268 81.51
2005 | 10226 297 88.49
2006 | 11837 402 103.3
2007 | 11651 398 104.08
2008 | 13284 474 108.86
2009 | 13764 488 108.14
2010 | 13654 549 122.58
2011 | 14568 612 128.07
2012 | 14296 673 143.52
2013 | 14633 609 127.01
2014 | 15414 608 120.36
2015 | 14794 605 124.62
2016 | 16483 637 117.65
Total |[279798 9184(3.28)* 93.46%*

* Percentage of total world output
** Average Activity Index

Table 6 : Prolific Institutions in the field of Toxicology in India

Name of the Institution TNP(%) TNC(%) CPP | PNC(%) | PEI
Indian Institute of Toxicology | 565 (6.15) | 9843(7.52) | 17.42 | 23(4.07) 1.22
Research (IITR), Lucknow
Madras University, Chennai 365(3.97) [ 5921(4.52) | 16.22 | 22(6.02) 1.13
Annamalai University, | 268 (2.91) | 4768(3.64) | 17.79 | 16(5.97) 1.25
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Chidambaram

University of Calcutta, | 234(2.54) | 3528(2.69) | 15.08 | 12(5.12) 1.05
Calcutta

Banaras Hindu  University | 215(2.34) | 3341(2.55) | 15.54 | 14(6.51) 1.08
(BHU), Varanasi

Defence Research and | 210(2.28) | 4150(3.17) | 19.76 | 12(5.71) 1.39
Development  Establishment

(DRDE), Gwalior

Council of Scientific and | 205(2.23) |2914(2.22) | 14.21 | 19(9.26) 0.99
Industrial Research (CSIR),

Delhi

Bhabha  Atomic  Research | 191(2.08) |3318(2.53) | 17.34 | 14(7.32) 1.22
Centre (BARC), Mumbai

Aligarh  Muslim  University, | 187(2.03) | 3270(2.50) | 17.49 | 16(8.55) 1.23
Aligarh

Punjab University, Punjab 177(1.92) |2362(1.80) | 13.34 | 17(9.60) 0.93
Other Institutions 6567(71.5) | 87373(66.8)

Grand Total 9184 130788 14.24 | 1073(11.6)

TNP:Total Number of Publications, TNC:Total Number of Citations, CPP:Citations Per
Paper, PNC: Publications Not Cited, PEI:Publication Efficiency Index

Table 7: Distribution of Output according to Nature of Collaboration

Nine | Single Domestically | Internationally | Total [ Nature of
Year | authored | Co-authored | Co-authored Output | Collaboration
Block | Papers Papers Papers

DCI |ICI
1990- | 79 1341 143 1563 110 47
1998
1999- | 100 1800 466 2366 98 102
2007
2008- | 127 3965 1163 5255 97 114
2016
Total | 306 7106 1772 9184 101* | 87**

*Average Domestic Collaboration Index

**Average International Collaboration Index
5.6 Prolific Institutions in the field of Toxicology
The table 6 lists the top 10 productive institutions along with their number of
publications, number of citations received, Citations Per Paper (CPP), number of

publications uncited, and Publication Efficiency Index (PEI). The PEI was calculated
using the formula developed by Frame (1977) and later used by Garg (2002) and Guan
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and Ma (2007). The Indian Institute of Toxicology Research (IITR), outperformed among
all other institutions by contributing 565 papers which is about 6.15% of the total output,
followed by the Madras University which produced 365 papers i.e., 3.15% of the total
output. These top 10 productive institutions produced 2617 papers which is about 28.5 %
of the total output and received 43415 citations which forms 33% of the total citations.
An average Citation Per Paper (CPP) for the total output was 14.24. It is interesting to
note that 11.6% of the total publications did not receive any citation. The CPP was the
highest for the Defence Research Development Establishment (DRDE), though the
highest number of citations were received by the publications of the IITR. The DRDE,
Gwalior outperformed all other institutions by obtaining the highest Publication
Efficiency Index which is 1.39, followed by the Indian Institute of Toxicology Research,
Lucknow. It can be interpreted that the impact of publications by DRDE is more than the
research effort made by it.

Table 7: Distribution of output according to the nature of collaboration

The table 7 indicates the distribution of output according to the nature of collaboration.
As the period of study is 27 years, the period was divided into three blocks consisting of 9
years each. To calculate the  Domestic Collaboration Index and International
Collaboration Index, the formula suggested by Garg and Padhi (2002) and used by Dutt,
Garg and Bali (2003) has been used. DCI dominated ICI during the first block period
indicating that the domestic collaboration was more than the international collaboration.
However, during the second and third block period ICI dominated DCI indicating that
international collaboration raised over the period of time compared to the domestic
collaboration. The average DCI value shows that the Domestic collaboration was more
than the International collaboration for over all period of the study. It indicates that efforts
should be made by the academia of toxicology discipline to produce more internationally
collaborated works.

6. Conclusion and Suggestions

The study analyses the toxicology research output during the period of 1990 to 2016 as
reflected in the Web of Science database in order to ascertain the authorship and
collaborative pattern, growth pattern of publications. The highest number of articles (673)
were published in the year 2012 and lowest number (142) in the year 1998. The Activity
Index was also the highest (143.52) for the year 2012 and the lowest (57.03) for the year
1998. The three authored articles (2187) constituted the highest proportion resulting 23.81
percent of the total publications and nine authored papers were the lowest (136)
constituting 1.48 percent of the total publications. The inference can be drawn from the
study that the Relative Growth Rate and Doubling time are inversely proportional to one
another. The top 10 productive institutions produced 2617 papers which is about 28.5 %
of the total output and received 43415 citations which forms 33% of the total citations.
India produced about 3.28% of the total world output in Toxicology during 1990 to 2016.
The Citation Per Paper was the highest for the Defence Research and Development
Establishment, though the highest number of citations were received by the publications
of the Indian Institute of Toxicology Research. The research performance of India in the
field of Toxicology tends to be increasing over the years and is more as compared with
that of the world’s research performance from the year 2006 to 2016 as per the activity
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index values. It is interesting to note that 11.6% of the total publications remain uncited.
The average Activity Index of India was 93.46 .

Based on the results of the study, it can be concluded that the Indian authors should give
prominence to produce more internationally collaborated papers in order to increase their
research impact. The decision makers should distribute the funds evenly among the
research institutions so that the smaller institutions can also excel in their research activity
in terms of the research quantity as well as quality. The Indian research performance is
lagging behind the world’s research performance. Efforts should be made by the
Institutions and academicians to produce more original works and high quality literature
in order to go hand in hand with the world’s research activity in the field of Toxicology.
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