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INTRODUCTION

Research collaboration is a complex phenomenon 
with several aims. These include increasing publishing 
productivity and the number of  citations, publishing in 
journals with high impact factors, minimizing risks and 
maximizing opportunities for single researchers and 
expanding the base of  knowledge and producing economic 
value.[1‑5] The quality, form, process, costs, and motivations 
of  collaboration have been studied and reported over the last 
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ABSTRACT

The purpose of this study was to test the usefulness of a slightly modified Shannon’s diversity index (H) as a numerical 
measure of intragroup research collaboration diversity based on coauthorship. Altogether, 527 peer‑reviewed scientific 
papers by two university departments were used as the study material. Nonrandom rationalized sampling was executed to 
enable the confirmation of the authors’ affiliations. The smallest unit of collaboration, i.e., a pair of authors, was created 
by matching every author with each of the coauthors from the same department he or she collaborated with. H was 
calculated at the department level and compared with the previously published, coauthorship based measures of research 
collaboration: The collaborative index (CI), degree of collaboration (DC) and collaboration diversity index (CDI). Obviously, 
H expressed a different aspect of research collaboration than the existing indexes. Compared to CI, DC, and CDI, H revealed 
novel aspects of collaboration when the abundance of collaboration increased and the distribution of collaborative relations 
between coauthors moved closer to the uniform distribution at the same time. H can provide additional information about 
collaborative relationships between researchers based on coauthorship, and it should be considered as a partial indicator 
of research collaboration.
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few decades. The management of  heterogeneous research 
groups,[4] different research cultures,[6] social structures,[7] 
such as a sense of  community,[8] and the characteristics and 
profiles of  the collaborators,[5,9] have been recognized as 
important factors for collaboration [Figure 1]. Exploring 
how to build collaborative teams has been found to be 
crucial for the success of  the collaboration.[4]

Research collaboration among individuals, groups, 
departments, institutions, sectors and countries[5,10] has 
become the norm in every field of  scientific research.[1,4,5] 
It has been seen as a goal in itself, but also as a tool to 
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increase research productivity and efficiency as well as its 
effectiveness. Scientific productivity  [Figure  1], such as 
impact factors and citations counts,[11] has been presented as 
a way to measure the results of  research collaboration.[3] In 
particular, the positive effect of  collaboration on scientific 
productivity has been highlighted by Lee and Bozeman,[1] 
Liao and Yen,[3] Brew et al.,[4] and Katz and Martin.[10]

Coauthorship has proved a useful way of  symbolizing research 
collaboration,[3,5,10] although many counterarguments 
have also been proposed.[5] Different indexes based on 
different computations of  coauthorships have been 
developed to illustrate research collaboration.[12,13] 
These include, for example, the collaboration diversity 
index  (CDI),[14] the collaborative index  (CI),[15] the 
degree of  collaboration  (DC)[16] and the collaborative 
coefficient (CC).[17] Briefly, CDI is the number of  unique 
coauthors divided by the total number of  collaborative 
relationships at the author level, CI describes the average 
number of  authors per paper for a given set of  papers, 
DC is the fraction of  multiple‑authored papers and CC 
combines CI and DC [Figure 1].

Despite the multifaceted nature of  research collaboration, 
no attention has been paid to the intragroup diversity of  
collaborative relationships between coauthors [Figure 1]. 
Diversity is one of  the fundamental measures in ecology 
that denotes the even distribution and abundance of  
species.[18‑20] Diversity is high when there are plenty of  
different species present in the community, and the 
proportions of  species do not differ from each other. 
Thus, diversity, in general, is an informative variable and to 
date, there is no measure that simultaneously reflects both 

the evenness and richness of  collaborative relationships 
among coauthors.

The purpose of  this study was to measure intragroup 
collaboration diversity between coauthors by testing a 
simple method, the Shannon’s diversity index (H),[18,19] and 
to compare it to the previously established measures of  
research collaboration: CDI, CI, and DC. To achieve our 
purpose, H was slightly modified and associated with the 
number of  citations per publication. We suggest that H 
measures different parameters of  research collaboration 
to CDI, CI, DC, and CC. It also is assumed that diverse 
collaboration becomes desirable if  it is pointed out that 
diversity increases the number of  citations per publication, 
and vice versa if  diverse collaboration leads to fewer 
citations.

SUBJECTS AND METHODS

Empirical Application

The present example was based on the coauthorship 
of  scientific papers and number of  citations per paper. 
The first was considered to reflect part of  the research 
collaboration and the latter to reflect scientific productivity. 
The purpose was not to evaluate the resulting H values 
per se, whether they were high or low, but to demonstrate 
that there could be an alternative way to express research 
collaboration, especially since the operationalization 
of  the concept has proved to be a difficult task. H was 
compared with the existing measures of  collaboration, 
namely CDI, CI, and DC, to test our suggestion that H 
creates novel information about research collaboration 

Factors for collaboration

Management

Research cultures

Social structures, such as
sense of community (SoC)

Research collaboration
Based on co-authorships

Characteristics and profiles
of collaborators

Collaborative Index (CI)
Average number of authors per paper

Degree of Collaboration (DC)
Fraction of multiple-authored papers

Collaborative Coefficient (CC)
Combination of CI and DC

Collaboration Diversity Index (CDI)
Fraction of unique co-authors

Shannon’s diversity index (H)

Scientific
productivity

Number of papers
Citation counts
Impact factors

Based on ecological theory (Shannon 1948): denoting
evenness (“even distribution”) of richness
(“abundance”) of collaborative relationships.

Figure 1: Shannon’s diversity index (H) as a part of  research collaboration based on coauthorship
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based on coauthorship at a group‑level. CC was excluded 
from the comparison, as it is not an independent measure 
but a combination of  CI and DC.

Data

The data were comprised scientific papers produced 
by two university departments, one focusing on health 
sciences and the other on natural sciences. In the 
analyses, the departments were kept separate to enable 
independent verification of  the calculations. All the papers 
that were included were peer‑reviewed and published in 
scientific journals between 2007 and 2012. Altogether, 
527 publications were gathered between April 22 and 
July 12, 2013, from open access databases maintained by 
the universities. Nonrandom rationalized sampling was 
executed in this pilot study to allow the confirmation 
of  the authors’ affiliations. During the first phase, the 
names and numbers of  authors of  the publications were 
extracted and tabulated. The names were then replaced 
with codes, for ethical reasons, and the authors were 
randomly numbered while still retaining their connections 
to the original publications. Data matrices were created for 
each department. The authors of  peer‑reviewed scientific 
publications were classified as those representing the 
departments in question and those representing other 
departments and organizations on the basis of  their 
main affiliations. The latter will henceforth be called 
companion authors. To be able to associate the publication 
data with scientific productivity, the number of  citations 
per publication was obtained from Google Scholar on 
November 28, 2014 (Health Sciences Department) and on 
December 8, 2014 (Natural Sciences Department). Google 
Scholar was chosen as the source because it appeared to be 
more up‑to‑date than other citation databases.

Shannon’s Diversity Index

H was based on the number of  coauthorships between 
the authors representing the department in question, 
namely health or natural sciences. Each combination of  
coauthors for each paper was treated as a pair. This in 
turn meant that the theoretical maximum number of  
pairs per department nmax was N‑1, when the total number 
of  authors per department (N) was 2, N‑1 + N‑2 when 
N was 3, N‑1 + N‑2 + N‑3 when N was 4 and so on. 
A pair of  authors was chosen as the study unit instead 
of  a single author, as a single author cannot be studied 
for collaboration. In other words, a pair of  authors was, 
implicitly, the smallest unit of  collaboration. As the aim 

was to study collaboration diversity within a group and the 
groups of  interest were a priori assigned, the companion 
authors were omitted from the calculations. In other words, 
H indicated the level of  “intragroup”, not “intergroup” 
collaboration. The equation was:

( )
10=1
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– log
H =

N N – 1
log

2

n
i ii

p p∑ � (1)

Where pi was the proportion of  collaboration carried out by 
a particular pair of  authors of  all pair‑wise collaborations, n 
was the number of  actualized pairs of  authors, not nmax , and 
N was the total number of  authors from the department in 
question. H favors evenness; that is, uniform distribution of  
collaboration across the pairs of  authors. This means that 
two collaborations between the authors i and i’ increases H 
less than one collaboration between i and i’ summed to one 
collaboration between i and i’’ (2ii’ <ii’ + ii’’). It is crucial 
to note that H is not a measure of  asymmetry in the same 
way as the adjusted Fisher‑Pearson standardized moment 
coefficient, also known as skewness.[20,21]

The resulting H values can be presented as such or they 
can be normalized. The raw H value has no upper limit 
and describing it with adjectives such as low and high is 
ambiguous. Thus, normalization is suggested if  the purpose 
is to compare the H values across time periods and/or 
groups. A simple way to normalize the index values to a 
range of  between 0 and 1 within the group of  interest is 
as follows:

max min

H – H
H – H

i min
� (2)

Where i refers to time periods, such as years from 2007 to 
2012 in the present case, and corresponds to the number 
of  index values to be reported. If  the goal is to compare 
the indexes across different groups, the best way to help 
the interpretation is to normalize the values over the 
groups. This method of  interpretation is flexible and can 
be modified, depending on what the researcher aims to 
achieve.

Control information was produced by  (i) calculating 
correlations across H, CDI, CI, DC, and the scientific 
productivity, namely the number of  citations per 
publication, and (ii) plotting the productivity to primary 
data, namely the number of  authors per publication. The 
plots were drawn separately for the authors from the 
departments of  interest and for the companion authors.
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RESULTS

The annual nonnormalized H ranged between 0.703 and 
0.888 in the Health Sciences Department and between 0.689 
and 0.788 in the Natural Sciences Department [Figure 2]. 
The lack of  strong correlations across CI, DC, CDI, and 
H demonstrated that the indexes were independent so 
that they were measuring different aspects of  research 
collaboration based on coauthorships [Figure 2 and Table 1]. 
The direction of  the relationship between the number 
of  citations per publication and measure of  research 
collaboration differed across the indexes [Table 1].

The number of  citations per publication appeared to 
relate to the number of  authors per publication, so that 
more authors from the department in question decreased 
the number of  citations, whereas the companion authors 
increased the number of  citations, especially in the 
Natural Sciences Department [Figure 3]. The number of  
departmental authors per publication correlated negatively 
with the number of  companion authors, both in the Health 
and Natural Sciences Departments (Spearman’s ρ = −0.620 

and  −0.371, respectively). However, the effects of  the 
department and companion authors on the number of  
citations were not clearly transmitted via the association 
between the numbers of  department and companion 
authors, as the number of  citations was only weakly 
correlated with the ratio of  companion to department 
authors (Health: ρ =0.054; Natural: 0.209) [Figure 3].

DISCUSSION AND CONCLUSIONS

It was obvious that H expressed a different aspect of  
research collaboration based on coauthorship than the 
existing indexes, CI and DC. On the other, H related 
negatively to CDI in the case of  the Natural Sciences 
Department, so that when CDI was high, H was low 
and vice versa  [Figure  2]. This was most probably due 
to the presentation of  the results. Over the course of  a 
year, researchers from the natural science department had 
published with many unique companion coauthors (high 
CDI) and collaborated less with potential coauthors from 
their department  (low H). If  the data had been pooled 
over the years, the result would have changed as the 
number of  unique coauthors would have decreased and 
the number of  collaborations between the department 
authors would have increased. In other words, researchers 
from the natural science department collaborated with 
fewer unique coauthors over the study period, 2007–2012, 
but they only collaborated with each coauthor once a 
year. In the case of  the Health Sciences Department, H 
did not follow CDI because researchers from the health 

Figure 2: Annual Shannon’s diversity index (H, red colour), 
collaboration diversity index  collaboration diversity index 
(CDI, orange), degree of  collaboration (DC, blue), and 
collaborative index (CI, green), and the mean number 
of  citations per publication  (black) in the two university 
departments

Table  1: Nonparametric correlations (Spearman’s ρ) 
between the collaborative index, degree of collaboration, 
collaboration diversity index, Shannon’s diversity index, 
and the number of citations per publication per year
Department CI DC CDI H Citations
Health 
sciences

CI 1 0.000 −0.657 0.086 0.600
DC 0.000 1 −0.414 0.207 −0.207
CDI −0.657 −0.414 1 −0.600 −0.714
H 0.086 0.207 −0.600 1 0.200
Citations 0.600 −0.207 −0.714 0.200 1

Natural 
sciences

CI 1 −0.662 0.522 −0.261 0.232
DC −0.662 1 −0.696 0.406 −0.522
CDI 0.522 −0.696 1 −0.771 0.257
H −0.261 0.406 −0.771 1 0.200
Citations 0.232 −0.522 0.257 0.200 1

All correlations were statistically nonsignificant (P>0.05 in each case). 
CI=Collaborative index, DC=Degree of collaboration, CDI=Collaboration 
diversity index, H=Shannon’s diversity index
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sciences unit had collaborated more with coauthors 
from their own department and/or many times with the 
same coauthors a year. This finding emphasizes different 
application possibilities of  the two collaboration diversity 
measures: CDI generated by Li et  al.[14] and the slightly 
modified H launched in this paper. CDI is suitable for 
measuring coauthor diversity at an individual career level 
and comparing diversity between individual authors. For 
example, although H is a group‑level indicator, the group 
can be adjusted to data as well as to research questions 
and purposes.

The direction of  the relationship between the scientific 
productivity and H is not important per se. A  negative 
correlation between the productivity and H also provides 
valuable information, when H is included in the research 
collaboration as a partial indicator. Actually, one might want 

to hypothesize a negative relationship between productivity 
and H and/or very low H if  the organization in question 
has not been established to bring together researchers with 
similar interests. Besides, it is clear that a publication by 
several authors is not automatically better than a publication 
by a single author. On the basis of  the present results, 
we propose that H should be used as a partial indicator 
of  research collaboration based on coauthorships at the 
group‑level, together with other complementary indicators. 
Research collaboration is not only between authors but also 
between organizations and countries, for instance.

As the ease of  calculating CIs has been found to be a crucial 
element,[3] we used a simple index for our study. Simplicity 
was also the main reason that we used coauthorship as 
a reflection of  research collaboration and the number 
of  citations per publication as a reflection of  scientific 

Figure 3: Relationships between the number of  citations and authors per publication in the Health  (left column) and Natural 
Sciences Department (right column). The symbol indicates mean and 95% confidence interval. Each dot represents one publication
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productivity. Despite criticism about coauthorship as an 
indicator of  collaboration,[5,10] it has been widely used, and 
it is particularly suitable when the aim is to gather a large 
dataset using reasonable efforts. Nowadays, information 
about authors and their affiliations are, in most cases, easily 
available through the Internet without any additional costs. 
Due to the small dataset, the present findings do not allow 
us to make generalizations or draw strong conclusions 
concerning the effect of  research collaboration on scientific 
productivity.
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