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Abstract. pSTEM fields (Physical Sciences, Technology, Engineering
and Mathematics) are known for showing a gender imbalance favouring
men.This imbalance can be seen at several levels, including in university
and industry, where men are the majority of the posts. Academic suc-
cess is partly dependent on the value of the researchers’ co-authorship
networks. One of the ways to enrich one’s network is through academic
movement; the change of institutions in search of better opportunities
within the same country or internationally. In this paper, we look at
the data for one specific pPSTEM field, Computer Science, and describe
the productivity and co-authorship patterns that emerge as a function
of academic mobility. We find that women and men both benefit from
national and international mobility, women who never change affiliations
over their career are rarely well-cited or highly productive, and women
are not well-represented in the overall top-ranking researchers.

Keywords: Academic Mobility - Gender Inequality - Science of Science
- Network Science - Data Science

1 Introduction

The environment of academia is very competitive, and people are looking for op-
portunities to make their ideas more visible to a larger share of the community.
Competitiveness arises from the mechanisms leading to promotion and tenure
processes, which require academics to reach certain targets. Success in science,
and hence one’s career, is linked to productivity in terms of the number of publi-
cations and citations these works attract [31]. In this environment, and especially
in pSTEM fields (Physical Sciences, Technology, Engineering, and Mathematics),
gender plays an important, and sometimes discriminatory, role [6,29,33].

When becoming a top-ranked computer scientist, men’s and women’s career
patterns differ significantly, as we have previously discussed [15]. We observed
differences in network characteristics, such as the level of repeated co-authors,
the composition of the co-authorship network, and network density, among oth-
ers. However, one important dimension is neither considered in our previous
work nor related to the prior literature on gender inequality: academic mobility
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(affiliation change) along career paths. Here, we use the same dataset as our
previous work [15]. But, this study focuses on the role of academic mobility in
the gender patterns of co-authorship networks’ evolution, productivity, research
impact, as well as the representation of women and men in top-ranked positions.

Academic mobility, understood as a change of affiliation, has frequently been
shown as a mechanism to increase and diversify the co-authorship networks [4],
with positive effects on career advancement due to fostering productivity [20] and
citations [3,13,24]. However, there is evidence that academic mobility can lead to
inequalities and biases when there are no research policies to properly integrate
underrepresented groups framed by class [22], gender [19,25], race, ethnicity [21]
and language [20].

Not all types of mobility are equal. Language barriers make certain move-
ments more likely than others, but also other social constructs can influence
decisions, including costs of migration [19], family ties [17], and the research
field [3]. For example, people working in medical sciences, accounting, or law
are likely to avoid international mobility because regulations vary significantly
from country to country, forcing people to have their background revalidated
or undergo extra training [12]. For this reason, we look here at two types of
mobility: (1) international mobility, when a researcher changes their country of
affiliation, which generally means a change in the place of work, and (2) national
mobility, when a researcher change their place of work but not the country. This
division will allow us to expand our work to other fields beyond Computer Sci-
ence. International migration can have different effects on people’s collaboration
networks; it is expected that international migration will add more diversity
to the researcher’s co-authorship network and will lead to a broader view and
recognition of their research. The patterns in the two groups mentioned above
are compared to the ones of non-mobile researchers, those who never changed
their affiliation.

According to our data, women and men can reach higher productivity levels
in changing institutions (nationally or internationally). Nevertheless, men still
consistently benefit more from the movement and women are better represented
in top-ranking positions when we consider only non-mobile researchers. Surpris-
ingly, national mobility presents the highest under-representation of women in
the top 1% and 5% researchers than international mobility. Despite gender dif-
ferences in productivity and women’s representation, women and men tend to
move around the same year of career length. In future, we intend to investigate
whether these patterns are consistent with other research fields and datasets.

2 Data

Computer Science is a field in which women have been a minority over many
years [6,29,33]. Countries have adopted new policies to encourage women to en-
ter and not drop out of the field [7,10,28], but we still do not have women well-
represented in top-ranked positions [32]. In this paper, we study the gender role
of academic mobility from the data of the Computer Science field of the ACM
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Table 1: Number of authors and papers per gender and category. There is an
overlap in the number of papers published by women and men for the papers with
co-authors from both genders.

Quantity  Category women men Total
all 14,433 (16%) 77,344 (34%) 91,777

thors \nternationmal 4,859 (14%) 29,254 (86%) 34,113
Authors ational 3,235 (15%) 17,897 (85%) 21,132
non-movers 6,339 (17%) 30,193 (83%) 36,532

all 176,325 746,211 809,397

. international 96,571 491,884 544,698
Papers ational 56,730 288,231 324,971
non-movers 37,507 170,581 198,330

(Association for Computing and Machinery) Digital Library. The data were col-
lected by Divakarmurthy and Menezes [9], and the gender of the authors was
inferred by Jaramillo et al. [15] using Genderize [1] and Namepedia [2]. The
data comprises bibliometric information for research papers published between
1980 and 2012 (e.g. authors, authors’ affiliation, title, keywords, and year). We
use the authors’ affiliations from the publications to trace the researchers’ mo-
bility. An institution’s name can be written differently, for example, University
of Toulouse and Université de Toulouse refer to the same institution. Faustino
et al. [11] preprocessed the data to match these affiliations, and we reuse their
approach here.

Based on the affiliations provided by each researcher in each publication, we
classify researchers according to their movement as (4) non-movers (non-movers),
researchers with the same affiliation in all the publications; (%) national (national),
researchers with all the affiliations from the same country, but at least 2 different
affiliations; and (%) international (international), researchers with at least 2
affiliations from different countries. In total, we have 14,433 women and 77,344
men in our data, with a women’s proportion of around 16%, which is slightly
consistent across the categories of career movements (see Table 1). For the case
of publications, at least one woman participates in around 22% of the papers in
our dataset. For each researcher, we consider the first year of publication avail-
able in our dataset as year O of their career length. In the shorter career length,
there are more authors and papers as researchers have different career lengths
and the longer the length, the fewer people belong to that group (see Fig. 1). We
analyse the first 25 years of their career, as we can have at least 300 researchers
for any category.

3 Methods and Results

3.1 Mobility and Co-authorship Networks

Co-authorship networks have been related to increments in researchers’ pro-
ductivity [5,14,15,23,31]. It is, however, still necessary to study how academic



4 M. Macedo, A. Jaramillo and R. Menezes

A 105 B 10° s Men
s Women

5 10* 10
© o
s ‘s
s s
é 103 é 103
2 E

10? 102

0 5 10 15 20 25 0 5 10 15 20 25
Career length Career length

Fig.1: (A) Number of authors per career length. (B) Number of papers in the
dataset per career length.

mobility can shape the co-authorship networks of women and men in an ego-
centric way. Here, we analyse the gender differences in the temporal patterns
of the co-authorship networks between the researchers across career movement
categories. For each researcher, we constructed ego co-authorship networks over
the career length /. The authors ¢ and j connect with a link weighted by the
number of co-authored papers published in our dataset, Wy (i, 7). In Fig. 2, we
show the temporal evolution of 12 metrics of the ego co-authorship networks for
each career length that we explained in our previous work [15].

We show topological characteristics in the first row of Fig. 2. Both women
and men who are national and international movers have more co-authors
than non-movers (Fig. 2A). Previous literature has shown that living abroad
can increase the social capital gained by proximity; if there is no discrimination,
social ties could expand and diversify [30]. Consequently, the high number of
co-authors translates into a higher weighted degree (Fig. 2B) (more co-authored
papers with the same researchers), a lower density (Fig. 2C) (as an effect of the
increased network) and lower average clustering (Fig. 2D) (multiple co-authors
working in separate groups). On the second row of Fig. 2, we show the composi-
tion of corrected proportions of both total and new co-authors from each gender
as alters. As in our previous paper [15], each gender is more likely to collabo-
rate with the same gender, correcting by the gender distribution in the dataset
(Fig. 2E and Fig. 2F). Homophily does not change with academic mobility, and
women national movers are the group with the highest homophily. On the last
row of the Fig. 2, we show the triadic closure and its maintenance when each
gender is an alter connecting the ego node with a new node. Women are more
likely to introduce/maintain co-authors to/with women, and the same happens
to men (Fig. 2I-L). However, values smaller than 0.5 in Fig. 2I and Fig. 2J show
that researchers are more likely to have completely new co-authors.

In summary, the change of affiliations and countries has a small effect on the
characteristics of egos’ co-authorship networks. We found that academic mobility
has a positive effect on expanding the number of co-authors, which resembles the
ones expected from top-ranking researchers [15]. Nevertheless, career movements



Academic Mobility as a Driver of Productivity 5

——Men National mobility Women National mobility
Men International mobility Women International mobility
Men Non-movers ‘Women Non-movers

>
w
s
@
w
s
3
o
©
o
©

N
&
N
&
°
©
)
©

Number of collaborators
5 &
Weighted degree
5 & 8
Density
o o o
G o S
Average clustering
o 7o o
G o S

N
S

w

w
°
=
°
Y

o,
o,

5 10 15 20 25 5 10 15 20 25 0 5 10 15 20 25 5 10 15 20 25
Career length Career length Career length Career length

m
L]
o
ES
o

:
:
N
IS

N
N
N

Corrected proportion
of women

>

Corrected proportion

of men
5
New women collaborators

5

New men collaborators
o

——
0,8] S — 08 08| s AT 0.8
0.6 0.6 0.6 0.6
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Career length Career length Career length Career length

°
>
°
>
tal
°
>
-
o
>

o
o
o
o

/V\’\/

o
@
o
@

Previous coauthors
from women
S o o
W
Previous coauthors
from men
o o
[
°
=
o
ks

25 25 25

o
N
o
N
o
N
°
N

Repeated common
coauthors from women
o o o o
[ ©
Repeated common
coauthors from men
°
&

o
o
o
o

°
°
°

°

careerlengtn”” Careerlength” Careerfength” careeriength”

Fig. 2: Co-authorship network analysis per gender and category. (A) Number
of co-authors (B) Weighted Degree (C) Density (D) Average clustering (E)
Corrected proportion of women (F) Corrected proportion of men (G) New women
co-authors (H) New men co-authors (I) Previous coauthors from women (J)
Previous coauthors from men (K) Repeated common coauthors from women (L)

Repeated common coauthors from men.

are beneficial to both women and men when it comes to the number of co-
authors, potentially having a positive impact on productivity and citations.

3.2 Mobility and Productivity

Academic mobility positively impacts the productivity of researchers [3,20,24,13].
In this paper, we look at “productivity” as the number of published papers and
the number of citations to measure the impact of researchers in Computer Sci-
ence. Fig. 3 shows that each gender increases their productivity over their career
length regardless of the categories of movements. International movers benefit
the most, followed by similar trends for national movers, with an average of 3
times higher productivity than non-movers.

In the analysis of the gender differences in Fig. 3B-D, we observe statistically
significant differences in most career years. In the early career stages, women are
slightly more productive than men, but after 10 years, men tend to keep up and
increase their productivity faster. The highest differences between genders are for
national movers. We argue that this difference might be due to the fact that
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Fig. 3: Productivity over career year. (A) Cumulative number of published pa-
pers. Gender differences between the average productivity of (B) non-movers,
(C) national movers and (D) international movers.

most movements occur within high-income countries, where more institutions
have high international rankings.

Then, we study the gender differences when combining the number of national
and international movements. In Fig. 4, our results indicate a higher fraction of
women in the non-movers category (Position 1,1 on the heatmap) but a higher
proportion of men on the rest of the heatmap. When we look at the productivity
trends combining movement categories, Fig. 4B, we found that men tend to
have higher productivity for non-movers and lower values of national and
international movements. In contrast, women who moved three times have
higher productivity than men in the same situation.

We analyse the relationship between productivity and citations in Fig. 6;
the distribution of women/men and their fraction in the four quadrants of the
plots. The smallest fractions for both genders are for non-movers (high-right
quadrant: 0.16% women and 0.23% men), and the largest fraction of both genders
are also for non-movers (low-left quadrant: 98.52% women and 97.85% men).
The highest difference between the movement categories is for researchers in
the quadrant of high productivity-low citations, with national and international
movers having, on average, 10 and 8 times more than non-movers. Regarding
citations, women in both quadrants of high and low productivity get no differences
when moving nationally (3.35%) or internationally (3.34%). In contrast, the
fraction of men slightly increases when moving internationally (5.02%) compared
to nationally(4.3%).

Then, we use Gini coefficient [8], as an inequality metric, to measure the
evenness from the distribution of productivity and citations (Table 2). We ob-
serve that women have a more evenly distributed number of papers and citations
than men. The Gini coefficients are higher when considering the number of cita-
tions than the productivity, indicating that citations have higher variability. The
gender differences from the Gini coefficients are higher for national movers.
In contrast, non-movers researchers were the ones with the smallest Gini in
productivity, and the highest in the number of citations, suggesting that their
productivity does not translate literally to citations. The last aligns with Fig. 6
in the legend of the top panels, where national and international movers have
higher correlation values (Sps, Sw = 0.7) than non-movers (Sp, Sw =~ 0.5).
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International movers have Gini Coefficients more similar between productivity
and citations, showing the smallest gender differences.
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worked in (B) 1 country, (C) 2 countries and (D) 3 countries. (E) Productivity
per gender and number of affiliations over the career length. Gender differences
between the average productivity of researchers who worked in (F) 1 affiliation,
(G) 2 affiliations and (H) 3 affiliations.

In summary, non-movers have lower productivity and research impact from
citations, not reaching the same levels of researchers who move nationally and
internationally. The fraction of women and men decreases as we consider the
number of countries and affiliations where researchers worked. Productivity cor-
relates more with citations for movers, and researchers with international mobil-
ity are more productive and cited. When looking at national movers with high
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Fig. 6: Productivity versus citations across career movements: (A) Non-movers
(B) National mobility (C) International mobility. Mobility has a role in how
distributed women (yellow) and men (green) are in the plot, making the kurtosis
smaller and increasing the number of productive and highly-cited researchers.
The plot indicates the fraction of women (Fy ) and men (Fjs) for each quadrant,
and it shows the Pearson (Py;) and Spearman correlations (Sys ) between
the productivity and citations for each gender.

productivity and high citations, there is a slightly higher fraction of women than
men (0.80 — 0.73 = 0.07%).

3.3 Mobility and Gender Differences

For Computer Science, women are generally underrepresented in the top-ranking
positions [14,15,18]. Here, we test the hypothesis that women are even more un-
derrepresented when considering career movements. Women’s representation in
the top-ranking decreases as we increase the percentage of people in the ranking
related to productivity (Fig. 7A) and citations (Fig. 7B). Considering produc-
tivity, for the top 1% researchers, we see that women are much more under-
represented for the group of researchers who moved affiliations within the same
country. In comparison, considering citations, the top 1% have much lower values
of women representation for all the categories, and the top 1-10% for national
and international movers are much similar. In general, we see that women are
more underrepresented in the top 1-15% across all categories and the percent-
ages higher than 30% in the top-ranking slightly stabilize the women rate. We

Table 2: Gini coefficients from the productivity and citations’ distributions.

Gini coefficient Category women men (women-men)
international 0.5352 0.5352  0.0000
Productivity national 0.5270 0.5403  -0.0133

non-movers 0.4860 0.4945  -0.0085
international 0.6921 0.7044 -0.0123
Citations national 0.6966 0.7160  -0.0194
non-movers 0.7191 0.7251  -0.0060
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then test whether the career movements are happening at different rates for
both genders over the career. In Fig. 8, we observe that the gender differences
are small and that the patterns are similar across genders. Therefore, we argue
that, regardless of gender differences identified in the number of co-authors and
productivity, there are no indicators that when the movement occurs, it has a
major role in the career. This is why researchers are more likely to move at the
beginning of their careers.

In conclusion, women are not well-represented in the top-ranking, and re-
searchers with national mobility showed the smallest representation of women
for the top 1%. At the beginning of their careers, women and men are more
likely to change affiliations, and there are no statistical gender differences in
which year or career length they decide to move.

4 Discussion

Similar to market trends, scientific knowledge spreads through networks hope-
fully leading to impact [16,27]. Academic mobility, in which researchers change
institutions across different cities and countries, has been studied by geographers
and bibliometricians to understand the impact of the movements in researchers’
careers and the spreading of knowledge [20,24,26]. When appropriate integration
policies are in place, the researcher’s productivity, co-authorship networks, and
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citations are strengthened. However, when the integration policies do not con-
sider the external social constructs groups of researchers, the same strategies to
pursue “successful” careers can be detrimental to certain groups because groups
are not homogeneous [4]. For example, caregivers of children or relatives move
less because they have insufficient financial or social support [25]. The sad re-
ality is that women experience less mentoring support and more conflict when
it comes to balancing family and academic responsibilities than men. In fact, a
higher percentage of senior women researchers do not have children compared
to senior men researchers [17]. Therefore, women and men in senior positions
may have to make different decisions in their personal lives in order to maintain
similar productivity levels.

In this paper, we examined the patterns in the career of women and men re-
searchers in the dataset of publications from the ACM Digital Library (between
1980 and 2012). Using network analyses, we found similar characteristics across
genders and career movements on the co-authorship networks. Nonetheless, we
found differences in the number of co-authors that men and women gain over
their careers, suggesting that changing affiliations nationally and internationally
benefits productivity. Social ties can positively impact productivity, as writing
papers collaboratively can speed up the process and lead to better quality work.
However, we find that the small differences between the number of co-authors
for women do not impact their productivity, making them more productive than
men. Furthermore, as men are the majority in our data, gender homophily ben-
efits high productivity levels more for men than for women.

We also found that the gender differences in productivity between non-movers
researchers are smaller than when compared to the movers. Perhaps it is a case
of the rich-getting-richer or selection bias, which could make men more likely to
be hired in high-ranked institutions than women. The gender gap in women’s
representation within high-ranked institutions within and across countries needs
to urgently be investigated. For instance, how is the relationship between mov-
ing from a developing nation to a developed nation different from moving across
developed nations from a gender-centric perspective?

It is important to note that our analyses are based on assumptions and defi-
nitions limited by the available data. In our analyses, we first assume that gender
is binary, and therefore no physical or biological differences between people play
a role. Secondly, we did not analyse the authors with unisex names, and the li-
braries used to detect names still need to be more effective for Asian names. We
attempted to overcome this limitation by using databases of gendered names, but
we did not ensure that gendered detection was unbiased. We also highlight that
women are still underrepresented in senior career stages, which can be caused
by a lack of data. Nevertheless, we cannot guarantee that this unbiased dispro-
portion is not affected by a lack of data. Another limitation of tracing academic
mobility from publications is that we should not only consider researchers who
kept publishing in ACM venues. Since our data is limited to one dataset, it
is possible that researchers changed their preferred form of publication. Given



Academic Mobility as a Driver of Productivity 11

that computer scientists consider the ACM to be well respected and therefore
important to their careers, we believe this is the exception and not the rule.

5 Conclusion

This paper demonstrates how gender and mobility may affect one’s productivity
and impact in computer science, as measured by papers and citations. Although
there is no indication of differences when women and men change affiliations,
gender differences in productivity increase over the career length. Indeed, chang-
ing affiliations benefit both genders, but there is still an open question of how
women can make up for the advantages men have in their careers. Moreover,
the policies have not yet translated into a decrease in the gender differences
in productivity and citations for our data until 2011. Still, the percentage of
women and men who can change affiliations has stayed the same over the years.
One follow-up question is whether these changes are evenly distributed when
compared to top-ranking institutions and others.
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