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ABSTRACT
Purpose: This paper presents another approach to evaluating scientific collaborations. De-
sign/methodology/approach: Weaknesses of existing schemes used in measuring scientific 
collaborations were identified and discussed. The identified weaknesses were used as basis 
to identify other parameters useful in measuring collaboration. With these parameters, a new 
relationship to quantify collaboration was introduced and applied to measure individual col-
laborations of academic staff of Centre for Science and Technology Studies (CWTS), Leiden; 
Netherlands Findings: Overall, the result shows that, total number of publications, number 
of collaborators per publication and the relative position of the collaborators in the published 
research are very important in the measurement of scientific Collaboration. Originality/val-
ue: The approach in the new scheme introduces a new feature which considers the position 
of scientists in the author list of their published works. With this perspective, the study is 
original, and has great potentials.

Keywords: Co-Authorship, Authorship order, Research collaboration, Publication count, Sci-
entific productivity.

INTRODUCTION

One of the top interests in science policy is the issue of research 
collaboration.[1] Collaboration is an arrangement between two 
or more people or organizations to work together to realize 
or achieve a goal. Research collaboration is a sophisticated  
cooperative arrangements among individuals, groups, depart-
ments, institutions, sectors and countries.[2,3] and it has become  
the norm in every field of scientific research.[4,5] Many studies  
have attempted to investigate various roles of collaborative  
research. Specifically, investigations have been made to ascertain  
whether scientific collaborations produce some of the best 
quality science.[6] Whether research collaborations have effects 
on publication productivity, i.e. do those who collaborate 
more tend to have more publications.[4] Also, if collaborations  
breed a transfer of knowledge among collaborators.[7] The  
effects of leadership styles on the impact collaborative work.[8]  

Etc. As a result, many services aimed at quantification of  
extent of collaboration are now available. These include 
the Collaboration Score of Nature Index.[6] Collaboration  
Metrics of Centre for Science and Technology Studies 
(CWTS), Leiden; etc. Measuring collaboration is now con-
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sidered an indicator of research performance, as the Weighted 
Fractional Count (WFC) of Nature Index is widely applied, 
and can be used to identify the rising stars performers in the 
research world.[9,10]

Lee and Bozeman,[4] Bozeman et al.[11] Brew et al.,[12] and Katz 
and Martin.[3] Have all reported positive effects of collabora-
tion on scientific productivity. The arguments are that: much 
collaboration is based on the joint use of expensive or unique 
equipment without which research would be, not only less  
productive but also impossible; some researches require  
collaboration to bring special expertise and knowledge not 
otherwise available but crucial to research outcomes. Often,  
tacit knowledge and knowledge of technique are best conveyed  
through collaboration; particularly for mentoring students and 
trainee researchers/scientists;[4] and to support innovation and  
address new and unmet needs, the value of cross-border  
collaboration and networking is important.[13] Sangam and 
Arali.[14] studied growth versus scientific collaboration in the 
field of genetics, using scientometric analysis. Their study  
found out that there is a relation between growth and scientific 
collaboration in the field of Genetics.

However, despite these good reasons to expect positive  
outcomes in scientific collaborations; equally, there are propo-
sitions as to why collaboration may undermine productivity. 
Landry and Amara.[15] Cautioned that transaction costs are  
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publishing. Weighted Fractional Count (WFC) is a normal-
ization of overrepresentation of paper, and it applies to the 
field of Astronomy. [6, 16]

In the light of foregoing observations, another approach to 
evaluating scientific collaborations of individual scientists is 
presented. In this present study, the collaborative strength of 
scientists at the Centre for Science and Technology Studies 
(CWTS), Leiden is investigated. The approach in the new 
scheme introduces a new feature which considers the position 
of scientists in the author list of their published works. With 
this perspective, the study is original, and has great potentials. 
Herein, the justification for the study is identified.

Methodology

Co-authorship pattern of academic staff at the CWTS, 
Leiden in Netherlands was studied.  Only published academic  
staffs at the CWTS were investigated. The information on 
co-authorship pattern of these scientists was as obtained at the  
following link: https://www.cwts.nl/people as at 25th  
November, 2016. In all, there were about twenty eight  
academic staff at the CWTS, Leiden; however only twenty-
one academic staffs have records of publication history. 

The co-authorship of each publication as recorded against the 
scientist at the website is obtained. A simple count of the total 
number of authors listed on a particular publication is counted 
and recorded as n; the position of the scientist in the author 
list is recorded in ascending order as r; starting with the first 
author listed. A record of distribution of n and r was obtained 
for the academic staff of CWTS who had publication records. 
The collaborative strength of individual researchers is deter-
mined using the relationship expressed as follows.

(1)  


  
P

4
S i i

i 1
C (n r 1)      

Where CS is the collaborative strength, P is the total number 
of publications of the scientist and i is indicative of a particular 
publication of a scientist. The mean of the number of persons 
collaborating per paper (nmean) and mean of the positions of a 
specific research staff (rmean) were calculated using the following 
expressions

(2)  
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The adoption of co-authorship for measuring collaboration 
was informed from the premise laid by Katz and Martin,[3] 
which was similarly adopted by Gal et al.[13] Bozeman et al.[11]  

usually an unavoidable consequence of working with others. 
Staying in touch by various media, engaging in social ingra-
tiation, waiting for others to comment, respond, or do their 
part of the research - these are just some of the factors taking 
time and energy even in the best collaborative relationships4. 

While it is researchers rather than institutions/countries who 
make arrangements to work together, these collaborations are 
aggregated and scaled-up with the focus of most collaboration 
evaluation on institutional/national levels.[16, 11] Some studies 
have attempted to establish links between collaboration and 
research productivity. Studies focusing on measuring and 
evaluating collaborative performance/strength of individual 
researchers are scarce. The prominent methods of evaluating  
individual researchers include: g-Index;[17] h-Index;[18] 
i10 – Index,[19] The individual scientist ranking scheme of  
Webometric, developed by CSIC - the Spanish National  
Research Council.[20] All these schemes measure research indices  
which are different from collaboration. The conceptual frame-
works used by many of the available collaboration metric  
services are also grossly in error and unsuitable for evaluating  
individual researchers. For example, the scheme used by  
collaboration metrics of CWTS, Leiden is abstrusive. Informa-
tion on operational principles of the methodology is not made 
public. The Nature Index/ Collaboration Score dwells on 
three measures to evaluate collaborations. These are:  Article 
Count (AC), Fractional Count (FC); and Weighted Fractional 
Count (WFC). The flaw here is that, for AC, a publication is 
given a score of 1 unit irrespective of the number of authors  
listed on the publications [6]. The argument is that, if the number  
of authors listed does not affect the score attributed to a  
publication, then, of what value is collaboration? The proper 
conceptual thought line should be that quality of publication 
improves with the number of listed authors; this because the  
input of every contributing author should add to the quality of 
the publication. Where an author has not added to the quality 
of a publication, then what is he/her contribution to justify 
being listed? It is a widely known adage that two heads are 
better than one. This adage is widespread, cross-cultural, and 
equally supported by the Holy Bible (Ecclesiastes 4: 9-12). 
Definitely, the output is bound to be of higher quality where 
there is more quality inputs. 

As regards FC, all contributing authors are attributed with a 
uniform count, which is determined by diving 1 unit with the  
number of contributing author. For instance, where a publi-
cation has 10 authors.[6,16] then it means that each author re-
ceives an FC of 0.1. This idea is equally flawed, because it is 
a fact, generally known in scientific publishing that the order  
of author listing is indicative of the extent of contribution/ 
influence of the authors as per the published research. If order  
of author listing is irrelevant, author listing would rather  
follow an alphabetic order, which is not the case in real time  
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Table 5: Full names of CWTS Scientists Investigated.

S/N Names Initials Number of Papers nmean rmean Cs

1. Clara Calero-Medina CCM 15 4.00 1.93 2.60

2. Rodrigo Costas RC 47 2.77 1.47 3.22

3. Nees Jan van Eck NJE 67 3.00 1.97 3.41

4. Joost Kosten JK 3 8.00 2.67 2.09

5. Thed van Leeuwen TL 102 3.02 2.04 3.86

6. Ingeborg Meijer IM 4 3.50 1.75 1.82

7. Ed Noyons EN 26 3.54 2.19 2.79

8. Tong van Raan TR 82 2.56 2.32 3.18

9. Sarah de Rijcke SR 10 2.40 1.70 2.03

10. Alex Rushforth AR 4 2.50 1.75 1.63

11. Clifford Tatum CT 4 3.75 3.25 1.57

12. Robert Tijssen RT 65 2.86 1.97 3.33

13. Vincent Traag VT 7 3.14 1.43 2.09

14. Martijn Visser MV 20 4.70 3.80 2.48

15. Ludo Waltman LW 70 2.94 1.56 3.59

16. Inge van der Weijden IW 14 3.43 2.00 2.41

17. Erik van Wijk EW 7 2.57 2.43 1.68

18. Jos Winnink JW 4 2.25 1.25 1.68

19. Paul Wouters PW 38 2.97 2.63 2.67

20. Alfredo Yegros AY 12 2.67 2.17 2.06

21. Zohreh Zahedi ZZ 15 3.67 1.47 2.48

Figure 1: Frequency distribution of n for the study. Figure 2: Cumulative frequency of n for the study.

and Voutilainen and Kangasniem.[2] Count of number of list-
ed authors and total number of publications have also been 
used in Nature Index.[6,9,10,16]

RESULTS AND DISCUSSION

Tables 1 and 2 present the distribution of number of persons 
(n); collaborating per publication. These Tables give the over-
view of n distribution for the study. Similarly, Tables 3 and 
4 present the distribution of position (r) of authors listed in a 

publication. The Tables provide overview of distribution of 
r of listed authors in a publication. In Table 5, the full names 
of the initials of CWTS scientists investigated in this study 
are presented. In this Table, the total number of publications, 
nmean, rmean and CS for each staff is indicated.

The frequency distribution and cumulative frequency of 
number of persons (n) collaborating per publication for the 
study are presented in Figure 1 and 2 respectively. From these 
Figure, it can be seen that, CWTS scientists collaborate mostly  
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Figure 3: Frequency distribution of r for the study.

Figure 6: Distribution of average collaborations.

Figure 7: Distribution of average position ranks.

Figure 8: Distribution of total number of publications by each scientists.

Figure 4: Cumulative frequency of r for the study.

Figure 5: Distribution of collaborative strength.

Similarly, Figure 3 and 4 illustrate the frequency distribution 
and cumulative frequency of the positions of CWTS scientists 
in collaborative researches. From Figure 3, it is clear that these 
scientists are mostly listed between the first and third authors  
listed on the publications studied. It is in about 40% of the  
collaborations that CWTS staffs have been listed as first author.

Table 5 and Figure 5 to 8; present information on collabora-
tive strength, average collaborations, average position ranks, 
and total number of publication per scientist. Overall, Thed 
van Leuween has the highest collaborative strength. He has 
published about 102 scientific articles, which translates to the  
fact that he has utilized about 102 opportunities for scientific  
collaborations. His average collaborations per publication 
(nmean) and average position rank (rmean) are   3.02 and 2.04 
respectively. This implies that ordinarily, Thed van Leuween 

in groups ranging from 1 to about 5 persons in a group.  
Specifically, the lower quartile from Figure 2 shows that about 
25% of the papers are published by groups consisting of 1 or 
2 persons; while the upper quartile from Figure 2 shows that 
about 75% of the papers are published by groups consisting of 
1 to 4 persons.
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collaborates with about three persons per publication and is 
mostly either the first or the second author listed. Although in 
Figure 6 and 7; Joost Kosten has the highest average collabo-
rations per publication while Jos Winnink has the strongest 
position rank, however, the total number of publications by  
these staffs is rather very small, and the reason for their  
observed weak collaborative strength.

Comparing Tong van Raan and Ludo Waltman, overall, 
Ludo Waltman has better collaborative strength despite that 
Tong van Raan has published more. Ludo Waltman published  
a total of 70 papers, while Tong van Raan published 82  
papers. However, overall, Ludo Waltman has better collabor-
ative strength because on the average, Ludo collaborates with 
about 3 persons per publication and is mostly the first listed 
author, where as Tong van Raan collaborates with about 2 
persons per publication and mostly listed as the second author.

Ingeborg Meijer; Alex Rushforth; Clifford Tatum and Jos 
Winnink have all published the same number of publication 
which is 4. Ingeborg Meijer has the highest collaborative 
strength because he publishes with 3 or 4 persons per publica-
tion, and is mostly listed as the second author. Jos Winnink is 
next to Ingeborg Meijer. Although, Jos Winnink collaborates 
mostly with 2 persons, however, he is mostly listed as the first 
author in publications. Alex Rushforth is in third place. He 
collaborates mostly with 2 persons and is mostly listed as the 
second author. Clifford Tatum is last in this set. Although he 
collaborates mostly with 3 or 4 persons, however, his collab-
orative strength is weak because he is mostly the last or second 
last author listed.

CONCLUSION  

A new scheme for evaluation of scientific collaboration has 
been introduced. The importance of total number of publica-
tions on the measure of collaboration as reported in earlier 
studies is upheld by the study. The role of number of persons  
collaborating in a particular research, and the relative positions  
of the collaborators in their published research is also con-
firmed relevant and important to overall measure of scientific 
collaborations.


