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Abstract- The collaborative trend in Indian research on 
Tuberculosis has been measured using the authorship pattern 
of the publications.. A total of 22,871 publications can be seen 
in Scopus, a multi discipline data based on “Tuberculosis” 
during the thirty years period of 1986-2015. Number of 
authors per publication has been calculated. Analysis on 
authorship pattern, yearwise authorship pattern, block 
yearwise authorship pattern, document type authorship 
pattern and collaborated countries have also been identified 
and same has been discussed. The solo research can be seen 
only 6.8%. The collaborated research works out to 93.2%. 
Further that more than Six and authors have contributed more 
publications (25.7%) followed by four authors (19.1%) and 
three authors (18.6%). 22871 publications were authored by 
1,11,638 with an average of 4.88 authors per paper. This 
shows that Indian Tuberculosis research output has 
collaboration in nature which has a minimum of four to five 
authors per paper. Their exist collaborative research among 
the scientists throughout the globe. 
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I. INTRODUCTION 
 
 Tuberculosis (TB) remains a major global health 
problem, responsible for ill health among millions of people 
each year. TB ranks as the second leading cause of death from 
an infectious disease worldwide, after the human 
immunodeficiency virus (HIV). The latest estimates included 
in this report are that there were 9.0 million new TB cases in 
2013 and 1.5 million TB deaths (1.1 million among HIV-
negative people and 0.4 million among HIV-positive people). 
These totals are higher than those included in the 2013 global 
TB report . In India, each year, approx. 220, 000 deaths are 
reported due to Tuberculosis. Between 2006 and 2014, India 
bears a disproportionately large burden of the world's 
tuberculosis rates, as it continues to be the biggest health 
problem in India. Working association between physicians; 
private sector; religious bodies; and other local nonprofit 
organizations, e.g., Lions Club, Rotary International, has 

already strengthened for better dissemination of awareness 
about diagnosis, management, control of this disease and 
research activities. Existing diagnostic laboratories has further 
strengthened with routine training/refresher courses for the 
involved personnel for better utilization of these already 
scarce resources. This study not only analysis growth of 
Indian Tuberculosis research output also examines the 
collaboration nature of research output by the Indian authors. 
 

II. BIBLIOMETRICS 
 

The bibliometrics has emerged as a thrust area of 
research, incorporating different branches of human 
knowledge. Bibliometric analysis, the application of statistical 
and mathematical methods to books and other communication, 
has been employed by researchers to study the publication 
trend of a particular subjects or institutions or country etc. A 
common research tool is a bibliometric method which has 
already been widely applied in scientific production and 
research-trend studies in many disciplines of Science and 
Engineering (Almind& Ingwersen, 19971; Cronin, 20012; 
Moed, Debruin, & Vanleeuwen, 19953). The popularity in the 
adaptation of bibliometric techniques in various disciplines 
stimulated stupendous growth of literature on bibliometrics 
and its related areas.There are famous Laws of Bibliometric 
i.e. 
 

Lotka‟s law (1926) of scientific productivity, 
Bradford‟s law (1934) of scattering and Zips law (1949) on 
frequency of words. But the Bibliometric studies started in late 
sixties. 
 

Authorship pattern for the literature in Tuberculosis 
research has also been administered. The study of authorship 
pattern or productivity is one of the important aspects in the 
scientometric analysis. It is necessary to concentrate on 
authorship pattern to assess the research contributions in any 
field and Genetic Engineering is not an exception. 
 

Author collaboration can be through in the following 
indicators: 
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 Authorship pattern i.e. Single, Multiple authors 
Frequency 

 Collaboration Index (CI) 
 Degree of collaboration (DC) 
 Collaborative Coefficient (CC) 
 Modified Collaborative Coefficient (MCC) 
 Pattern of Co-authorship Index (CAI) 

 
III. REVIEW OF LITERATURE 

 
Number of quantitative studies have been conducted 

and reported based on bibliometric parameters to measure the 
research output of individual scientists, universities, research 
institutes, and research areas. Bibliometric parameters, viz., 
authorship pattern, citations received per paper, highly cited 
journals, international collaborations, h-index, etc., were used 
in these studies. 

 
Hazarika and others4 state in their paper on 

Bibliometric analysis of Indian Forester: 1991-2000, the 
multiple authorship is predominant in forestry and team 
research has always been favoured by scientists. These 
observations clearly state that research work is collaborative in 
nature. Kalyane and Sen 5 in their work on the Journal of 
Oilseeds Research observed that the authorship pattern in 
various fields as agriculture, anthropology, business and 
economics, medicine, etc show consistently increase in the 
number of two or more authored papers. Dhiman6 evaluated 
“Ethnobotany Journal” for authorship pattern, year-wise 
distribution of articles, institution and country-wise 
distribution and range of references cited. Shokeen and 
Kaushik7 in their study of Indian Journal of Plant Physiology, 
revealed that journal articles are predominant with more than 
two thirds of total citations. Jena 8 made an exhaustive 
bibliometric study of Fibre and Textile Research and unfolded 
the publication trend of this Indian journal from 1996 to 2004. 
Bharvi et al.9 analyzed 1,317 papers published in the first fifty 
volumes from 1978 to 2001 of the international journal 
Scientometrics and found that the US share of the papers is 
constantly on the decline while that of the Netherlands, India, 
France and Japan is on the rise and that the scientometric 
output is dominated by the single-authored papers. Zainab et 
al.10 in their bibliometric study of Malayasian Journal of 
Computer Science, reported their findings regarding the article 
productivity, authorship collaboration, and journal impact 
factor of MJCS. Serenko et al.11 conducted a bibliometric 
analysis of a body of literature contained in 11 major 
knowledge management and intellectual capital peer-reviewed 
journals and revealed the institutional and individual 
productivity, co-operation patterns, publication frequency, and 
other related parameters. Hussain and Fatima12 evaluated the 
characteristics of the Chinese Librarianship: an International 

Electronic Journal from 2006 to 2010 through a bibliometric 
analysis. 

 
 

IV. OBJECTIVES 
 

 To find out the authorship pattern; 
 To identify the chronological growth of authorship 

pattern. 
 To calculate the degree of collaboration; 
 To identify the document type that has more collaboration 
 To identify the country that has collaborated with Indian 

authors on the research output. 
 

V. HYPOTHESES 
 
1. There exist collaborative research in Indian Tuberculosis 

research; 
2. Collaborative research can be seen only during the last 

decade. 
3. Majority of the countries collaborated with Indian authors 

in the research output. 
4. Journal article are the most preferred document type by 

the Indian authors; 
5. Collaborative research persists in all document types. 
6. To identify the country that has collaborated with Indian 

authors on the research output. 
 

VI. METHODOLOGY 
 

The term „Tuberculosis” has been used as a search 
term, for retrieving literature from amultidiscipline 
international indexing and abstracting database „SCOPUS‟. 
The search stringused for searching the database is as follows: 
 

Query for Indian Output: (ALL (Tuberculosis) AND 
PUBYEAR > 1985 AND PUBYEAR < 2016 AND ( LIMIT-
TO(AFFILCOUNTRY,"India" ) ) ) 
 
 

A total of 308800 records were identified in the field 
of tuberculosis worldwide during the period 1986-2015. 
Similarly the Indian output on tuberculosis seems to be 22871. 
The collected data has been classified by using Excel and the 
same has been loaded in to SPSS (statistical package for social 
sciences) for the purpose of analysis. Number of authors per 
publication has been calculated. Analysis on authorship 
pattern, yearwise authorship pattern, block yearwise 
authorship pattern, document type authorship pattern and 
collaborated countries have also been identified and same has 
been discussed. 
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VII. ANALYSIS 
 
The analysis has been presented on the following 
 

 authorship pattern, 
 yearwise authorship pattern, 
 block yearwise authorship pattern, 
 Collaboration – coefficient and Index 
 document type authorship pattern and 
 collaborated countries 

 
Authorship Collaboration 
 

The author collaboration in nature were classified as 
single, two, three, four, five, more than five and anonymous 
authors. The total publications, percentage, and cumulative 
percentage are shown in Table 1 and Figure 1. 
 

Table 1 AUTHORSHIP PATTERN 

 
 

 
 

The solo research can be seen only 6.8%. The 
collaborated research works out to 93.2%. Further it can be 
seen from the table 2 and figure 2 that more than Six and 
authors havecontributed more publications (25.7%) followed 
by four authors (19.1%) and three authors (18.6%). 
 
Yearwise authorship collaboration 
 

Further the authorship pattern has been calculated 
based on yearwise as well as block years which can be seen 
from Tables 2 and 3 
 

Table 2 Year Vs Author Collaboration 

 

 
 

Table 3 Block Year Vs Author Collaboration 

 
 

It can be seen from table 2 that there exist 
consistency in the case of solo research during the study 
period. Growth of collaboration can be seen more from 2010 
onwards. Nearly 70.8% of collaboration can be seen during 
the block period of 2006-2015. Consistency on collaboration 
can also be seen in every block years. 
 
Collaboration – coefficient and Index 
 

In order to identify the level of collaboration, 
Collaboration coefficient and collaboration index were 
calculated. In this study Collaboration Index, Collaboration 
coefficient, Degree of collaboration and Modified 
Collaboration Coefficient has been employed. 
 
Collaboration Index (CI) 
 

The simplest of the indices presently employed in the 
literature is the collaboration index, (CI) which is to be 
interpreted merely as the mean number of authors per 
paper(APP). 
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„j‟ is the number of co-authored papers appearing in 

a discipline; „N‟ is the total number of papers in the discipline 
over the same time interval, and „k‟ the greatest number 
ofauthors per paper in a discipline. As pointed out by 
Ajiferuke et al (1988)4 this is to be interpreted merely as a 
mean, for in the absence of an upper limit there is no way of 
interpreting the numbers generated and secondly the method 
imputed a non-zero weight to single authored papers. To 
overcome this index referred to as the degree of collaboration 
is introduced where single-author papers have zero-weight. 
 
Degree of Collaboration (DC) 
 

Subramaniyam (1983)5 proposed a mathematical 
formula for calculating author‟s degree of collaboration in a 
discipline. The degree of collaboration among authors is the 
ratio of the number of collaborative publications in the total 
number of publications published in a discipline during certain 
period of time. The values of degree of collaboration can be 
calculated both for publications and citations. It is expressed 
mathematically as: 
 

 
 

Where g = Group Coefficient of a discipline 
Nm = Number of multiple authors during a specific period in a 
discipline 
Ns = Number of single authored works in a discipline during a 
given period of time. 
 
Collaborative Coefficient (CC) 
 

The index CC given to overcome the disadvantages 
of collaborative index and makes it possible to draw a 
comparison between different sub-disciplines. In order to 
make a relevant comparison, consider the collaboration 
coefficient. The patterns of co-authorship among different 
countries have been examined by making use of Collaborative 
Coefficient (CC) suggested by Ajiferuke (1988)6. The formula 
used for calculating CC is given below: 

 

 
Where as 
 

Fj = the number of authored papers 
N = total number of research published; and 
k = the greatest number of authors per paper 

 
Modified Collaborative Coefficient (MCC) 
 

It is lightly modified that the new measure is almost 
the same as that of CC, as given in Ajiferuke et al. (1988). 
Consider that every paper takes with it a single "credit" and 
this credit being shared with the collaborated authors. Thus if 
a paper has a single author, the author receives one credit 
similarly with 2 authors, each author receives 1/2 credits and, 
in general, if a publication has X authors, each receives 1=X 
credits (it was the same as that of the idea of fractional 
productivity defined by Price and Beaver as the score of an 
author when he is assigned 1=n of a unit for one item for 
which n authors have been credited.) 
 

Hence the average credit awarded to each author of a 
random paper is E[1=X], a value that lies between 0 and 1. 
Since the value 0 is corresponding to single authorship, it can 
be defined as the Modified Collaborative Coefficient (MCC). 
 

MCC  =  
 
 
Where as 

 
 
Co-Authorship Index (CAI) 
 

Co-Authorship Index is obtained by calculating 
proportionately the publications by single, two and multi 
authored papers. The following formula is suggested by Garg 
& Padhi (2002)7 and used by Guan & Ma (2007)8 for Co-
Authorship Index has been employed. 
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Where, 

 
 

CAI = 100 implies that a country's co-authorship 
effort for a particular type of authorship corresponds to the 
world average, CAI > 100 reflects higher than average co-
authorship effort and CAI < 100 lower than average co-
authorship effort by that country for a given type of authorship 
pattern. 
 

Table 4 Author Collaboration – DC, CC, MCC, CI 

 

 
 

The Table shows that the degree of collaboration 
ranges between 0.82 and 0.95 and the average is 0.93. This 
indicates that there is existence of collaborative research in the 
field of tuberculosis research. The average of CI is 3.93 and 
the Collaborative coefficient is 0.33. The MCC value ranges 
between 0.30 and 0.46 and the average MCC is 0.34. Further it 
is observed from the table 4 that the authorship patterns are in 
increasing trends. 
 

The coauthorship index for single, two, three, four, 
five, more than five and anonymous authors were calculated 
on yearwise and the same is shown in the Table 5 
 
 
 
 

TABLE 5 COAUTHORSHIP INDEX (CAI) 

 

 
 

It is seen from the table 5 that there is an increasing 
trend in more than six and above authors (44.54 to 125.36) 
when compare to the other authorship pattern. The other 
authorship pattern is seen in a decreasing trend in 2010. 
 

In order to identify the priority status of research 
productivity index, the values are replaced with symbol 
(Benchmark) as suggested by Barre (1987), CAI has been 
further simplified as symbolic representation as CAI =100 for 
the normal average of co-authorship index then the value of 
more than 100 value is called above average as „++‟, less than 
100 values called as below average of CAI as „- -‟ and the 
same is shown in Table 6. 
 

TABLE 6 COAUTHORSHIP INDEX (CAI) IN CODED 
FORM 
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It is observed from the Table 6 that the single author 
trend has been seen in the year between 1989 and 2004 
besides 1986,1987, 2006,2007 and 2009 whereas more than 
six and above authors‟ trend is from 2010 to 2015. This table 
shows that more contributions of publication of this study 
period are by more than six authors. 
 

Total authors of 22871 publications were calculated 
and the same has been shown in Table 7. 

 
Table 7 Total authors 

 

 
 

22871 publications were authored by 1,11,638 with 
an average of 4.88 authors per paper. This shows that Indian 
Tuberculosis research output has collaboration in nature which 
has a minimum of four to five authors per paper. 
 
Document type and authorship pattern 
 

Authorship pattern for document type were also 
identified and the same has been shown in Table 8 

 
Table 8 Document type Vs Authorship Pattern 

 
 

Out of 79.6% of articles, only 2.9% were solo 
research. Remaining 76.7% were collaborative research. Six 
and above authors publications were more comparing to other 
collaborative authorship pattern. In the case of books, out of 
28 publications eight publications were of single authors. 
Seven were two authors, six were three authors, four were four 
authors and one has more than six authors. Even in letter form 
of document type, out of 1261 publications only 210 were 
single author publications. Remaining 1051 publications were 
collaboration in nature. 
 
Collaborated countries 
 

The countries that are collaborated with Indian 
authors in the tuberculosis research output has been identified. 
The country that has collaborated more than ten times were 
identified and the same has been shown in table 9. 
 

Table 9 Country collaborated 
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It can be seen from the table that nearly 84 countries 

were collaborated in tuberculosis research with Indian authors. 
The United States (1829) has major collaborated countries. It 
is followed by United Kingdom (648) and South Africa (274) . 
 

VIII. CONCLUSION 
 

Indian has a substantial research output on 
tuberculosis and stands third position in Global research 
output. The analysis reveals that collaborative research persist 
. This attempt of collaboration analysis of Indian research 
output on Tuberculosis shows the linear trend. 22871 
publications were authored by 1,11,638 with an average of 
4.88 authors per paper. This shows that Indian Tuberculosis 
research output has collaboration in nature which has a 
minimum of four to five authors per paper. Out of 79.6% of 
articles, only 2.9% were solo research. Remaining 76.7% were 
collaborative research. Six and above authors publications 
were more comparing to other collaborative authorship 
pattern. In the case of books, out of 28 publications eight 
publications were of single authors. Seven were two authors, 
six were three authors, four were four authors and one has 
more than six authors. Even in letter form of document type, 
out of 1261 publications only 210 were single author 
publications. Remaining 1051 publications were collaboration 
in nature. 84 countries were collaborated in tuberculosis 
research with Indian authors. The United States has major 
collaborated countries. It is followed by United Kingdom and 
South Africa. This study also confirms the finding of Hazarika 
and others4 Kalyane ,V L and Sen, B K (1995), Dhiman, A K 
(2000) and Shokeen, A., and Kaushik, S. K. (2004). 
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