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Collaboration is increasing
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Productivity seems to decrease

Gasson. K.. Herbert. R. & 

Ponsford. A. (2019). 

Fractional Authorship & 

Publication Productivity. 

ICSR Perspectives. 

https://dx.doi.org/10.2139/ssr

n.3392302 

“The trend is for authors to produce more 

publications per year (increased 
fractionalization) but for the overall number 

of publications per author to decrease. We 

suggest that the effort required to participate 
in research collaborations is a factor in the 

decrease in publications per author.”



Citation impact seems to decrease

“While the number of 

publications is rising 
along with the number of 

inter-university 

collaborations, the 
resulting division of 

authorship means that 
the amount of citation 

impact retained by each 

collaborating university 
becomes ever smaller.”

Demaine, J. Fractionalization 

of research impact reveals 

global trends in university 

collaboration. Scientometrics 

(2022). 

https://doi.org/10.1007/s1119

2-021-04246-w



The example of University of Waterloo

Jeffrey Demaine: Fractionalization of research impact reveals global trends in 

university collaboration. BRIC 2021, April 27, 2021
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The merits of fractional counting

◼ “The fractional counting method leads to 

a more proper field normalization of 
scientific impact indicators and therefore 

to fairer comparisons between 
universities active in different fields. 

◼ For this reason, fractional counting is the 

preferred counting method for the 
scientific impact indicators in the Leiden 

Ranking.” 

CWTS Leiden Ranking. Information. Indicators. 

https://www.leidenranking.com/information/indicators



The merits of fractional counting

◼ When researchers collaborate, “full 

counting methods lead to an inflated 
perception of the actual output”. 

◼ “The advantage of fractional counting is 
that the sum of articles of all units in 

the system is equal to the actual 

output in the system.”

Sugimoto, C.R. & Larivière, V. (2018). Measuring 
Research: What Everyone Needs to Know. New York: 

Oxford University Press, 54-55.



The problems with fractional counting

◼ Ethics in scientific publishing require that all authors are 

responsible for the work as a whole. 



The problems with fractional counting

◼ The implementation of CRediT – Contributor Roles 

Taxonomy – in scientific publishing has confirmed that  
tasks are overlapping in teamwork



The problems with fractional counting

◼ We do not find that fractional counting leads to proper 

field normalization
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The problems with fractional counting

◼ And why should productivity and citation impact decrease 

globally as collaboration increases?
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Modified fractional counting (2019)

◼ “We propose a new counting 

method called modified fractional 
counting (MFC). 

◼ This method is an intermediate 
counting method between 

fractional and full counting 

◼ It eliminates differences in 

contributions that depend on co-

authorship practices

◼ With this method, different areas 

of research also have a 
comparable average contribution”

Sivertsen, G., Rousseau, R., Zhang, L. (2019). 

Measuring Scientific Production with Modified 

Fractional Counting. Journal of Informetrics, 13(2): 

679-694.



The 1,410 scientists in our sample are divided into 12 groups 

based on the median number of authors in their publications 

Group 

name

Number of 

researchers

Median number of authors 

in publications

Average number of authors 

in publications

1 2 1 1.3

2 26 1.5-2 2.7

3 99 2.5-3 3.6

4 154 3.5-4 4.5

5 216 4.5-5 6.6

6 273 5.5-6 8.1

7 197 6.5-7 8.7

8 143 7.5-8 10.2

9 93 8.5-9 11.5

10 54 9.5-10 14.6

15 89 10.5-15 19.1

1000 64 15.5-3,017 1,031.7



The distribution of co-authorship groups in four research fields 
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Modified fractional counting (MFC) using a sensitivity parameter that 

results in a continuum from fractional counting to full counting

◼ Author’s share is 1/
𝑘
𝑁 where N is the number of 

authors and k is the order of the root 

MFC1 MFC2 MFC3 MFC4 MFC8 Full count

Authors Fractional Square root Cubic root Full count

N k=1 k=2 k=3 k=4 k=8

1 1,00 1,00 1,00 1,00 1,00 1,00

2 0,50 0,71 0,84 0,92 0,99 1,00

3 0,33 0,58 0,76 0,87 0,99 1,00

4 0,25 0,50 0,71 0,84 0,99 1,00

5 0,20 0,45 0,67 0,82 0,99 1,00

6 0,17 0,41 0,64 0,80 0,99 1,00

7 0,14 0,38 0,61 0,78 0,98 1,00

8 0,13 0,35 0,59 0,77 0,98 1,00

9 0,11 0,33 0,58 0,76 0,98 1,00

10 0,10 0,32 0,56 0,75 0,98 1,00



Modified fractional counting is based on the square root of the 
fraction
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Project team

◼ Gunnar Sivertsen, Nordic Institute for Studies in Innovation, Research and Education 

(NIFU), Oslo, Norway

◼ Lin Zhang, School of Information Management, Wuhan University, China

◼ Alvin Shijie Ding, International Centre for Studies of Research, Beijing, China 

◼ Rachel Herbert, International Centre for Studies of Research, Oxford, United Kingdom 

◼ Andrew M. Plume, International Centre for Studies of Research, Oxford, United 
Kingdom 



Aim

◼ To develop and validate a fairer indicator of individual contributions to 

co-authored publications by building on the MFC 



Method: Survey

◼ We selected 49,455 authors worldwide from Scopus by applying four 

filters: 

1. At least one publication with a CRediT statement (casrai.org/credit) 
recorded in 2020 or 2021, 

2. variations in the numbers and names of co-authors among their 
publications, 

3. active with at least one publication each year 2016-2020, and 

4. a recorded email address. 

◼ The authors were asked about their contributions to three recent 

publications. We asked for the types and degrees of their contributions 

versus those of their co-authors. 

◼ The 2,812 respondents (5.7%) proved to be unbiased compared to non-

respondents regarding gender, world region, research domain, career 
age, citation impact, and h-index.



Main result

◼ Self-reported contributions come closest to be simulated by 

Contribution Scores based on MFC

◼ The match is more perfect when publications by 1st authors are 

excluded.
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Conclusion and further research

◼ We conclude that the Contribution Score can be validated as more 

suitable than full or fractional counting to represent individual 
contributions to teamwork in research. 

◼ As the next step, we will investigate the possible application of Modified 
Fractional Counting to measure citation impact at the level of 

institutions and countries.

◼ Our hypothesis will be that the University of Waterloo can reclaim her 

citation impact.

◼ Special thanks to Jeff Demaine for inspiring us to contribute to BRIC. 

We hope to be able to visit Canada next time.


