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Abstract —The article describes the task of researching 
the impact of gender on scientific productivity and 
collaboration. The contribution of publications to the 
scientific productivity of authors with different gender 
compositions is analyzed. A modification of the PR method 
for teams of authors from different countries was used. 
Based on the Citation Network Dataset (version 13) (out of 
more than 5 million scientific publications and 48 million 
citations), there was a significant gap in the contribution of 
male authors' articles from those published by female 
authors. The advantage of articles with male composition 
over articles with female composition by more than 1.6 
times was revealed. The mixed composition of authors does 
not allow increasing the contribution of publications to 
scientific productivity, and their contribution is, on average, 
1.1 times less than articles with a male composition. The 
gender impact on scientific cooperation and the productivity 
of scientific activity has been revealed. This leads to a 
significant impact on the career path of women in academia. 
The results obtained confirm the presence of gender 
inequality in science. The results are intended to intensify 
the discussion on ensuring equality of rights and gender 
equality at the state level. 
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I. INTRODUCTION 

The development of scientific cooperation is an 
essential engine for creating innovations, producing new 
knowledge and ideas. The results of scientific 
cooperation are reflected in scientific publications, joint 
projects, and activities. Identifying the influence of 
demographic, social characteristics, and gender on 
publication productivity and forms of scientific 
cooperation is essential for scientometrics. Understanding 
scientific cooperation as a joint activity of scientists to 

produce new knowledge determines the influence of 
social mechanisms on this process.  

Papers [1, 2] determined that the form and intensity of 
scientific cooperation directly impact publication 
productivity and innovation [3]. The work [4] describes 
the influence of gender diversity in the work of scientific 
groups on publication activity and citation. In [5], it was 
found that gender-heterogeneous working groups allow 
producing scientific results of the highest quality. 
However, this is complicated by the natural gender 
homophily, which determines the inclination to interact 
with their kind [6]. This property also manifests itself in 
quoting. It was found in [7] that scientists tend to cite 
publications by authors of the same gender as themselves. 
The work [8] noted that the impact of gender diversity on 
the productivity of scientific work in modern conditions 
is decreasing, especially among young scientists. The 
trend towards promoting gender equality in developed 
societies is mitigating the gap in scientific performance.  

The analysis carried out in [8] argues that gender 
differences in the productivity of scientific activity 
disappear over time. In the older generation, men 
outnumbered women in scientific publications and 
citations, but this is no longer the case in the younger 
generation. In addition, the dominant trend remains that 
fewer woman than men hold the highest rank in 
academia. However, in [9], it is indicated that women 
with high scientific abilities in the scientific group 
significantly impact its growing productivity. Including 
because women have higher emotional intelligence than 
men, which is described in [10]. In general, the vision of 
gender diversity policy in universities is described in 
[11].  

An actual direction is the analysis of the continuity of 
research in inter-gender scientific cooperation, which is 
described in [12]. Known methods for studying the 
patterns of scientific cooperation choosing scientists for 
organizing projects [13, 14] can also be used to study the 
gender impact on scientific interaction. Also, to assess the 
performance of scientific activities, management, and 
competence-based choice of project executors using a 
gender approach, the methods described in [15 - 19] can 
be used.  

The work [20] describes a thorough study of the 
impact of gender on scientific performance. It has been 
found that the increase in women's participation in 
science over the past 60 years has been accompanied by 
an increase in gender differences in both performance and 
influence. Therefore, studying the impact of gender on 
scientific productivity and cooperation is relevant for the 
development of innovation and scientific production in 
general. The identified gender inequality in academic 
circles should be assessed and eliminated at the state 
level. The article aims to analyze the impact on the 
productivity of scientific collaboration of authors with 
different gender compositions. To assess the contribution 
of the publication to the productivity of the author's 
scientific activity, the method described in [15] for 
groups of authors from different countries was used. 

II. METHOD FOR EVALUATING THE CONTRIBUTION OF A 
PUBLICATION TO THE PRODUCTIVITY OF THE AUTHOR'S 

SCIENTIFIC ACTIVITY 

Let { }1 2= K nA a ,a , ,a  is the set of scientists, n is  

the number of scientists. { }1 2= K mP p , p , , p  is the set 

of publications that these scientists have published, m is 
the number of publications. To assess the contribution of 
each of the publications to the productivity of the author's 
scientific activity, a modification of the PR method was 
used. According to this method, the scalar assessment of 
the contribution of the publication ip , 1i ,m=  to the 
productivity of scientific activity is calculated by the 
formula [15]: 

1=

=
n

i ij j j
j

q qβ ξ , 1=i ,n ,  (1) 

where iq  is the assessment of the contribution of the 

publication ip  to the productivity of scientific activity, 

ijβ  is the coefficient that determines the presence of the 

publication ip  in the citation list of the 

publication jp , jξ  is the coefficient that ensures the 
existence of a non-trivial solution to the system of linear 
algebraic equations (1), jq  is the assessment of the 

contribution of the publication jp  to the productivity of 
the author's scientific activity. As a result of applying 
formula (1), a homogeneous system of linear algebraic 
equations is constructed: 
  0=Bq ,    (2) 

where B is the matrix of coefficients of this system of the 
form:             

             { } 1=
= −

n

ij j i , j
B Е β ξ  ,                      (3) 

Е is the identity matrix, q is the column vector of 
unknown estimates:   

 { } 1=
=

n
i i

w q ,  

   =
Tq w  ,  (4) 

In order for a nontrivial solution to the system of 
algebraic equations (1) to exist, the matrix B must be 
degenerate, i.e. 0=B . The coefficients of system (1) 
can be determined by the formulas: 
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where ijβ  is the indicator of the presence of the 

publication ip  in the list of citations of the 

publication jp , jξ  is the reciprocal of the total number 

of citations in the publication jp . 
After finding the estimates, it is advisable to normalize 

them according to the formula: 

( )

1

1

n

i i j
j

q p q q
−

=

 
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where iq  is the assessment of the contribution of the 

publication ip  to the productivity of the author's 

scientific activity, ( )iq p′  is the assessment normalized 
by the sum. 

III. EXPERIMENTAL PART 
The study was verified using the Citation Network 

Dataset version 13 [21]. This set contains 5354309 
publications and 48227950 citations obtained from the 
DBLP [22], ACM, Microsoft Academic Graph, and other 
databases. Version 13 contains current data as of May 
2021. 

At the first stage of the study, the impact of each 
publication in the citation network was calculated. For 
this, a modification of the PR method was used to 
calculate the assessment of the contribution of 
publications to the productivity of scientific activity. To 
find the contribution of scientific publications to the 
productivity of scientific activity, it is necessary to solve 
a system of linear algebraic equations of high dimension 
(2). To find an approximate solution to the system of 
linear algebraic equations (2), an iterative process of the 
Gauss-Seidel method was applied. At the zero-step, the 
value of the assessment of the contribution to the 
productivity of scientific activity of all publications is 
equal to 1. At the k-th step, the value of each assessment 
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of the contribution of a publication to the productivity of 
scientific activity is found by the formula: 

1

1

n
k k
i ij j j

j
q qβ ξ

−

=

= , 1i ,m= ,   (7) 

where k
iq  is the approximate value of the assessment of 

the contribution of the publication ip  to the productivity 

of scientific activity at the k-th step, 1k
jq
− is the 

approximate value of the assessment of the contribution 
of the publication jp  to the productivity of scientific 
activity at the (k-1)-th step, and the coefficients are 
calculated by formulas (5), (6). 

After each step, starting from zero, the maximum 
absolute change in estimates of the contribution of the 
publication to the productivity of scientific activity is 
calculated using the formula: 

1

1

k k k
i ii ,m

max q q −

=

∆ = − ,   (8) 

where k
∆  is the maximum absolute change in estimates 

of the contribution of the publication to the productivity 
of scientific activity. 

Absolute maximum change in the assessment of the 
publication's contribution to the productivity of scientific 
activity is considered an upper estimate of the absolute 
error of the method. After six iterations of calculating the 
contribution of publications, the absolute error was. The 
authors consider this performance estimation accuracy 
sufficient, so the calculation process was completed. 

At the second stage of the study, among all 
publications from the data set, data on publications from 
the countries the research hypothesis tested, namely 
Germany, the Netherlands, the USA, Ukraine, and 
Kazakhstan, were filtered. A publication belongs to a 
subset of publications from a particular country if at least 
one of the authors is affiliated with an institution of 
higher education that belongs to that country. 

At the third stage, the author's gender was determined. 
To determine the author's gender, male and female names 
were compiled. Wikipedia data was used to compile the 
lists. If the author's name is not in the list, or only initials 
are given, it is considered that the author's gender identity 
could not be established. As a result of research, for 
53.1% of publications, the gender identity of all authors 
was established. For 46.9% of publications, it was 
impossible to establish the gender of at least one of the 
authors (Table 1). 

At the fourth stage of the study, from each subset of 
publications of the indicated countries, a subset of 
publications with two or more authors whose gender 
identity was established was identified. Further, the 
subset of publications with the known gender of the 
authors is divided into three subsets. The first subset of 
FF includes publications, all of whose authors are 
women. The second subset of MM includes publications, 
all of whose authors are men. The third subset of FM 
includes articles with mixed authors, that is, there are 
both women and men among the authors. 

Among articles with identified gender of all authors, 
Germany and the Netherlands have the most significant 

number of articles with male authors (more than 50%). 
The USA, Ukraine, and Kazakhstan have more articles 
with a mixed-gender composition of authors. The sample 
of articles for Kazakhstan and Ukraine is not 
representative, but the general trend of the gender of the 
authors is visible. 

TABLE I.  
GENDER DISTRIBUTION OF AUTHORS OF SCIENTIFIC 

PUBLICATIONS 

# Country m FF MM FM 

1 Germany 189896 858 65796 30721 
2 The Netherlands 56624 363 21951 18393 
3 USA 467522 3585 94858 143318 
4 Ukraine 2561 55 95 851 
5 Kazakhstan 952 14 6 20 

 
For each subset, the average contribution of 

publications to the productivity of scientific activity was 
calculated using the modified PR method [15]. The 
results are shown in table 2 and fig. 1. 

TABLE II.  
CONTRIBUTION OF PUBLICATIONS WITH DIFFERENT 

GENDER COMPOSITION TO AUTHORS' SCIENTIFIC 
PRODUCTIVITY 

# Country FF MM FM 

1 Germany 1,4352 2,4796 2,1182 
2 The Netherlands 1,7837 3,0571 2,7067 
3 USA 2,3963 3,8665 3,5875 
4 Ukraine 0,4745 0,7716 0,6785 
5 Kazakhstan 0,0550 0,2500 0,0857 
 
For comparison, normalization was carried out 

according to the maximum contribution of publications to 
the productivity of scientific activity of authors from the 
above countries. The results after normalization are 
presented in Table 3. 

The results of assessing the contribution of 
publications to the scientific productivity of authors from 
these countries indicate the advantage of the contribution 
to the productivity of publications with male composition 
over publications with female composition. 

 

 
Figure 1.  The contribution of publications with different gender 

composition to the productivity of scientific activity of authors 

TABLE III.  
THE ABSOLUTE CONTRIBUTION OF PUBLICATIONS WITH 

DIFFERENT GENDER COMPOSITION TO AUTHORS' SCIENTIFIC 
PRODUCTIVITY 

# Country FF MM FM 

1 Germany 0,5788 1 0,8543 
2 The Netherlands 0,5835 1 0,8854 
3 USA 0,6197 1 0,9278 
4 Ukraine 0,6150 1 0,8793 
5 Kazakhstan 0,2200 1 0,3428 

 
The contribution to the productivity of scientific 

activity of publications from the MM subset is 1.6–1.72 
times greater than the contribution of publications from 
the FM subset for all the countries represented, except for 
Kazakhstan, for which this number is 4.5. The 
contribution of FM subset publications compared to MM 
subset publications is lower by 1.07–1.17 for all countries 
except for Kazakhstan, for which this number is 2.9. This 
indicates the presence of significant gender inequality in 
academic circles, which is paradoxical at the present 
stage of the development of society. 

IV. CONCLUSION 
The paper analyzes the impact of publications on the 

productivity of scientific collaboration of authors with 
different gender compositions. A modified PR method 
was used for teams of authors from different countries to 
assess the performance of the scientific activity. The 
study was verified using the Citation Network Dataset 
(ver. 13) with more than 5 million scientific publications 
and 48 million citations. For 53.1% of publications, the 
gender identity of all authors was established. The 
assessment results of the contribution of scientific 
publications indicate the advantage of the contribution of 
articles with male composition over articles with female 
composition (more than 1.6 times) or mixed (more than 
1.07 times). This indicates that articles with male 
contributors are better cited than articles with mixed or 
female contributors. Among articles with identified 
gender of all authors, Germany and The Netherlands have 
the most significant number of male authors (more than 
50%). The results obtained confirm the presence of 
gender inequality in science, which is essential for 
intensifying the discussion in the direction of improving 
the situation. 
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of the contribution of a publication to the productivity of 
scientific activity is found by the formula: 

1

1

n
k k
i ij j j

j
q qβ ξ

−

=

= , 1i ,m= ,   (7) 

where k
iq  is the approximate value of the assessment of 

the contribution of the publication ip  to the productivity 

of scientific activity at the k-th step, 1k
jq
− is the 

approximate value of the assessment of the contribution 
of the publication jp  to the productivity of scientific 
activity at the (k-1)-th step, and the coefficients are 
calculated by formulas (5), (6). 

After each step, starting from zero, the maximum 
absolute change in estimates of the contribution of the 
publication to the productivity of scientific activity is 
calculated using the formula: 

1

1

k k k
i ii ,m

max q q −

=

∆ = − ,   (8) 

where k
∆  is the maximum absolute change in estimates 

of the contribution of the publication to the productivity 
of scientific activity. 

Absolute maximum change in the assessment of the 
publication's contribution to the productivity of scientific 
activity is considered an upper estimate of the absolute 
error of the method. After six iterations of calculating the 
contribution of publications, the absolute error was. The 
authors consider this performance estimation accuracy 
sufficient, so the calculation process was completed. 

At the second stage of the study, among all 
publications from the data set, data on publications from 
the countries the research hypothesis tested, namely 
Germany, the Netherlands, the USA, Ukraine, and 
Kazakhstan, were filtered. A publication belongs to a 
subset of publications from a particular country if at least 
one of the authors is affiliated with an institution of 
higher education that belongs to that country. 

At the third stage, the author's gender was determined. 
To determine the author's gender, male and female names 
were compiled. Wikipedia data was used to compile the 
lists. If the author's name is not in the list, or only initials 
are given, it is considered that the author's gender identity 
could not be established. As a result of research, for 
53.1% of publications, the gender identity of all authors 
was established. For 46.9% of publications, it was 
impossible to establish the gender of at least one of the 
authors (Table 1). 

At the fourth stage of the study, from each subset of 
publications of the indicated countries, a subset of 
publications with two or more authors whose gender 
identity was established was identified. Further, the 
subset of publications with the known gender of the 
authors is divided into three subsets. The first subset of 
FF includes publications, all of whose authors are 
women. The second subset of MM includes publications, 
all of whose authors are men. The third subset of FM 
includes articles with mixed authors, that is, there are 
both women and men among the authors. 

Among articles with identified gender of all authors, 
Germany and the Netherlands have the most significant 

number of articles with male authors (more than 50%). 
The USA, Ukraine, and Kazakhstan have more articles 
with a mixed-gender composition of authors. The sample 
of articles for Kazakhstan and Ukraine is not 
representative, but the general trend of the gender of the 
authors is visible. 

TABLE I.  
GENDER DISTRIBUTION OF AUTHORS OF SCIENTIFIC 

PUBLICATIONS 

# Country m FF MM FM 

1 Germany 189896 858 65796 30721 
2 The Netherlands 56624 363 21951 18393 
3 USA 467522 3585 94858 143318 
4 Ukraine 2561 55 95 851 
5 Kazakhstan 952 14 6 20 

 
For each subset, the average contribution of 

publications to the productivity of scientific activity was 
calculated using the modified PR method [15]. The 
results are shown in table 2 and fig. 1. 

TABLE II.  
CONTRIBUTION OF PUBLICATIONS WITH DIFFERENT 

GENDER COMPOSITION TO AUTHORS' SCIENTIFIC 
PRODUCTIVITY 

# Country FF MM FM 

1 Germany 1,4352 2,4796 2,1182 
2 The Netherlands 1,7837 3,0571 2,7067 
3 USA 2,3963 3,8665 3,5875 
4 Ukraine 0,4745 0,7716 0,6785 
5 Kazakhstan 0,0550 0,2500 0,0857 
 
For comparison, normalization was carried out 

according to the maximum contribution of publications to 
the productivity of scientific activity of authors from the 
above countries. The results after normalization are 
presented in Table 3. 

The results of assessing the contribution of 
publications to the scientific productivity of authors from 
these countries indicate the advantage of the contribution 
to the productivity of publications with male composition 
over publications with female composition. 

 

 
Figure 1.  The contribution of publications with different gender 

composition to the productivity of scientific activity of authors 

TABLE III.  
THE ABSOLUTE CONTRIBUTION OF PUBLICATIONS WITH 

DIFFERENT GENDER COMPOSITION TO AUTHORS' SCIENTIFIC 
PRODUCTIVITY 

# Country FF MM FM 

1 Germany 0,5788 1 0,8543 
2 The Netherlands 0,5835 1 0,8854 
3 USA 0,6197 1 0,9278 
4 Ukraine 0,6150 1 0,8793 
5 Kazakhstan 0,2200 1 0,3428 

 
The contribution to the productivity of scientific 

activity of publications from the MM subset is 1.6–1.72 
times greater than the contribution of publications from 
the FM subset for all the countries represented, except for 
Kazakhstan, for which this number is 4.5. The 
contribution of FM subset publications compared to MM 
subset publications is lower by 1.07–1.17 for all countries 
except for Kazakhstan, for which this number is 2.9. This 
indicates the presence of significant gender inequality in 
academic circles, which is paradoxical at the present 
stage of the development of society. 

IV. CONCLUSION 
The paper analyzes the impact of publications on the 

productivity of scientific collaboration of authors with 
different gender compositions. A modified PR method 
was used for teams of authors from different countries to 
assess the performance of the scientific activity. The 
study was verified using the Citation Network Dataset 
(ver. 13) with more than 5 million scientific publications 
and 48 million citations. For 53.1% of publications, the 
gender identity of all authors was established. The 
assessment results of the contribution of scientific 
publications indicate the advantage of the contribution of 
articles with male composition over articles with female 
composition (more than 1.6 times) or mixed (more than 
1.07 times). This indicates that articles with male 
contributors are better cited than articles with mixed or 
female contributors. Among articles with identified 
gender of all authors, Germany and The Netherlands have 
the most significant number of male authors (more than 
50%). The results obtained confirm the presence of 
gender inequality in science, which is essential for 
intensifying the discussion in the direction of improving 
the situation. 
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