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Information Processing Theory 
[Salancik & Pfeffer]

Diversity 👍
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• Similarity attraction theory [Byrne]
• Social identity and social 

categorization theory [Tajfel]
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ABSTRACT
Software development is usually a collaborative venture.
Open Source Software (OSS) projects are no exception; in-
deed, by design, the OSS approach can accommodate teams
that are more open, geographically distributed, and dynamic
than commercial teams. This, we find, leads to OSS teams
that are quite diverse. Team diversity, predominantly in of-
fline groups, is known to correlate with team output, mostly
with positive effects. How about in OSS?

Using GITHUB, the largest publicly available collection of
OSS projects, we studied how gender and tenure diversity
relate to team productivity and turnover. Using regression
modeling of GITHUB data and the results of a survey, we
show that both gender and tenure diversity are positive and
significant predictors of productivity, together explaining a
sizable fraction of the data variability. These results can
inform decision making on all levels, leading to better out-
comes in recruiting and performance.
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INTRODUCTION
Because of the world-wide demand for talented and skilled
labor, hiring in STEM (Science, Technology, Engineering,
and Math) fields has become increasingly almost entirely
meritocratic, and largely blind to demographic factors. This
is certainly true for software engineering; as a result, both
commercial and open source software teams can be very
diverse. What are the effects of this on the project as a
whole? Indeed, demographic similarity enhances mutual
trust (and thus, arguably, team effectiveness), while demo-
graphic diversity may lead to stereotyping, cliquishness, and
conflict [20,43]. However, a team’s social diversity seems to
improve its technical performance [24].
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Software development teams can be diverse in various ways,
e.g., w.r.t. gender, experience, nationality, and coding lan-
guage preference; some teams can be more diverse in one
attribute and less so in others. Diversity attributes may also
interact (e.g., in some nations, female professionals may
face more obstacles), which complicates analysis and study.
Team diversity has been studied in physical (“meat-space”)
settings; however, data is hard-won in such settings. Smaller
sample sizes make it difficult to effectively control for con-
founds. Data requirements for such effective controls, how-
ever, increase exponentially with the number of dimensions
studied (one aspect of the “curse of dimensionality” [22]).
Thus, studies of effects of diversity in teams (given the in-
eluctable confounds) require data on a great many teams,
with sufficient variance along all co-variates of concern.

GITHUB, a social coding platform, has attracted millions of
developers and thousands of Open Source Software projects.1
All commits, issues, code changes, pull-requests etc. are
archived and publicly available. GITHUB has become the
new standard for comprehensive studies of social and tech-
nical organization and achievement [16, 37, 39, 41, 60]. Evi-
dently, this is an attractive setting in which to study the rela-
tionship of diversity to performance. The scale of GITHUB
is especially relevant when considering the role of women,
who are very underrepresented in programming.2 With a
large enough dataset, however, the effect of increased gen-
der diversity becomes noticeable. Additionally, since all
data in GITHUB is historical (i.e., archived), it is possi-
ble to study the effects of tenure, or one’s length of time
with a project and with GITHUB. However, the reliance
on volunteers in OSS projects complicates matters; volun-
teers come and go, leading to team turn-over. Team turn-
over can certainly influence performance, and will confound
the effects of diversity. The constructs of “team” and “team
turnover” clearly also depend on the observation time-scale.
In a healthy project, some rate of turnover is in fact desir-
able, as “new blood” brings in new abilities and ideas [21].
Arguably, turnover will affect observed diversity in GITHUB
OSS teams, and must be considered carefully.

In this paper, using GITHUB data, we explore several ques-
tions: How diverse are online teams with respect to gender
and tenure? Does gender diversity depend on tenure? On
1OSS depend on distributed volunteers’ efforts whereas commer-
cial software is much more centralized, and depends more on paid
groups of programmers [23]; in both, the quality can be high [8].
2Especially so, it seems, in OSS projects: A 2013 FLOSS Sur-
vey [49] indicates 10% females; all earlier surveys [19] agree
on merely 1–5%. Industry reports slightly higher numbers, e.g.,
Google with 17% female technology employees.
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Do people recognize differences among others on 
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Which differences are more prominent?

How is diversity perceived to influence 
collaboration?
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F 24%
M 75%
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4,500 invitations, 816 responses  

F 24%
M 75%

TABLE I
TOP TEN COUNTRIES OF RESIDENCE AND NATIONALITIES.
Residence # % Nationality # %
USA 258 32.35 USA 213 26.84
Germany 53 6.50 Germany 56 6.86
France 43 5.27 France 54 6.62
UK 40 4.90 Russia 41 5.02
Canada 34 4.17 UK 34 4.17
Russia 32 3.92 Canada 30 3.68
Brazil 22 2.70 India 27 3.31
India 20 2.45 Brazil 25 3.06
Sweden 20 2.45 Italy 22 2.70
Netherlands 18 2.21 Poland 21 2.57

TABLE II
RESPONDENT OCCUPATIONS (MULTIPLE POSSIBLE PER PERSON).

Occupation %
Web developer 59.70
Manager / Team leader 21.50
Student 20.64
Desktop software developer 21.25
Mobile application developer 19.16
IT staff / System administrator 15.48
Academic 13.51
Other 13.14
Database administrator 9.95
Embedded application developer 9.46
I don’t work in tech 2.58

We wish to understand whether there are significant differ-
ences between female and male respondents (the only groups
with sufficient data for statistical tests) with respect to differ-
ent demographic attributes: response time, age, occupation,
nationality, IT/programming experience, and ownership of
GITHUB repositories. Since the groups are unbalanced (female
24%; male 75%), we randomly subsample the male group
1000 times, and report median statistical significance results
and median effect sizes after the 1000 runs.

We found significant differences between the occupations
reported by female and male respondents (�2 tests of in-
dependence male vs. female, per occupation), with sizable
albeit small effects, as described next. In decreasing order of
Cramér’s V measure of effect size, male respondents are over-
represented as IT staff/system administrators (V =0.24; odds
ratio OR=0.18; p⇤⇤⇤=5.45⇥10�6), mobile app developers
(V =0.19; OR=0.32; p⇤⇤⇤=1.90⇥10�4), desktop developers
(V =0.16; OR=0.43; p⇤⇤=2.74⇥10�3), database adminis-
trators (V =0.11; OR=0.43; p⇤=0.04), managers/team lead-
ers (V =0.11; OR=0.57; p⇤=0.04), or web developers (V =
0.11; OR=0.65; p⇤=0.04). Female respondents are over-
represented as academics (V =0.12; OR=1.92; p⇤=0.03).
There are no significant gender differences among students
(p=0.39), embedded software developers (p=0.15), and other
occupations (p=0.15). In terms of number of occupations
reported per person, we found significant differences between
female and male respondents (WMW p⇤⇤⇤=4.43⇥10�6), but
negligible effect sizes (Hodges-Lehmann point estimate for
median difference �̂=3.28⇥10�5).

We did not find significant age differences between gen-
ders (median female=male=29; p=0.72); a slight difference
in response time (female: 7.66h; male: 6.64h; �̂=�1.07;
p�=0.08); and a significant difference in number of years of
IT/programming experience (male: 9; female: 6; �̂=2.00;
p⇤⇤⇤=2.06⇥10�4). In previous work we found that females

account for only 9% on GITHUB [7]. These results suggest
that women are not only underrepresented on GITHUB, but
also under-experienced compared to men. That is, the �̂=2.00
value means that the difference in experience between male
and female respondents, as seen by the WMW rank-sum test,
would only disappear if the experience of each female would
increase by 2 years (or, equivalently, the experience of each
male would decrease by 2 years).

Genders are also represented differentially across nation-
alities. Since there is insufficient data for statistical tests, we
present the distribution of the fraction of female respondents
among the countries with 20 or more respondents visually in
Figure 2. Four countries stand out: in USA (37.1% female; 213
respondents) and Brazil (44%; 25) the fraction of female re-
spondents is more than one median absolute deviation (MAD)
higher than the median; in contrast, in Germany (14.3%; 56)
and Russia (14.6%; 41) the fraction of female respondents is
more than one MAD lower than the median.
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Fig. 2. Fraction of female respondents, per nationality. Only countries with
at least 20 respondents shown. Median=0.238 (solid). MAD=0.083 (dotted).

Finally, we investigated gender differences in usage of
GITHUB. We found that female respondents own significantly
fewer public repositories than males do (V =0.13; OR=
0.45; p⇤=0.01), although there is no difference in ownership
of private repositories (WMW p=0.36). Furthermore, we
investigated gender differences in usage of different GITHUB
features (pushing commits; submitting pull requests; reporting
issues; reviewing and closing pull requests; participating in
discussions on commits, pull requests, or issues; watching;
forking; and following) among the top users of each feature
(i.e., respondents who reported using that feature frequently).
We could only find a significant difference with respect to
watching repositories: significantly fewer female respondents
watch repositories frequently compared to males (V =0.16;
OR=0.46; p⇤⇤=0.002). We conjecture that the gender dis-
parity in having public repositories on GITHUB, despite the
otherwise indistinguishable feature usage of active female and
male users (except for watching, as mentioned), may be related
to the so-called “impostor syndrome” that women program-
mers reportedly suffer from [24]: despite being knowledgeable
and professionally well-settled, women may be more reluctant
to publicly display their work. This is especially plausible
on GITHUB, where heavy users are known to have a “clear
awareness of the audience for their actions”, which influences
how they behave and how they construct their actions [10].
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in response time (female: 7.66h; male: 6.64h; �̂=�1.07;
p�=0.08); and a significant difference in number of years of
IT/programming experience (male: 9; female: 6; �̂=2.00;
p⇤⇤⇤=2.06⇥10�4). In previous work we found that females

account for only 9% on GITHUB [7]. These results suggest
that women are not only underrepresented on GITHUB, but
also under-experienced compared to men. That is, the �̂=2.00
value means that the difference in experience between male
and female respondents, as seen by the WMW rank-sum test,
would only disappear if the experience of each female would
increase by 2 years (or, equivalently, the experience of each
male would decrease by 2 years).

Genders are also represented differentially across nation-
alities. Since there is insufficient data for statistical tests, we
present the distribution of the fraction of female respondents
among the countries with 20 or more respondents visually in
Figure 2. Four countries stand out: in USA (37.1% female; 213
respondents) and Brazil (44%; 25) the fraction of female re-
spondents is more than one median absolute deviation (MAD)
higher than the median; in contrast, in Germany (14.3%; 56)
and Russia (14.6%; 41) the fraction of female respondents is
more than one MAD lower than the median.
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Fig. 2. Fraction of female respondents, per nationality. Only countries with
at least 20 respondents shown. Median=0.238 (solid). MAD=0.083 (dotted).

Finally, we investigated gender differences in usage of
GITHUB. We found that female respondents own significantly
fewer public repositories than males do (V =0.13; OR=
0.45; p⇤=0.01), although there is no difference in ownership
of private repositories (WMW p=0.36). Furthermore, we
investigated gender differences in usage of different GITHUB
features (pushing commits; submitting pull requests; reporting
issues; reviewing and closing pull requests; participating in
discussions on commits, pull requests, or issues; watching;
forking; and following) among the top users of each feature
(i.e., respondents who reported using that feature frequently).
We could only find a significant difference with respect to
watching repositories: significantly fewer female respondents
watch repositories frequently compared to males (V =0.16;
OR=0.46; p⇤⇤=0.002). We conjecture that the gender dis-
parity in having public repositories on GITHUB, despite the
otherwise indistinguishable feature usage of active female and
male users (except for watching, as mentioned), may be related
to the so-called “impostor syndrome” that women program-
mers reportedly suffer from [24]: despite being knowledgeable
and professionally well-settled, women may be more reluctant
to publicly display their work. This is especially plausible
on GITHUB, where heavy users are known to have a “clear
awareness of the audience for their actions”, which influences
how they behave and how they construct their actions [10].
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Survey
4,500 invitations, 816 responses  

F 24%
M 75%

TABLE I
TOP TEN COUNTRIES OF RESIDENCE AND NATIONALITIES.
Residence # % Nationality # %
USA 258 32.35 USA 213 26.84
Germany 53 6.50 Germany 56 6.86
France 43 5.27 France 54 6.62
UK 40 4.90 Russia 41 5.02
Canada 34 4.17 UK 34 4.17
Russia 32 3.92 Canada 30 3.68
Brazil 22 2.70 India 27 3.31
India 20 2.45 Brazil 25 3.06
Sweden 20 2.45 Italy 22 2.70
Netherlands 18 2.21 Poland 21 2.57

TABLE II
RESPONDENT OCCUPATIONS (MULTIPLE POSSIBLE PER PERSON).

Occupation %
Web developer 59.70
Manager / Team leader 21.50
Student 20.64
Desktop software developer 21.25
Mobile application developer 19.16
IT staff / System administrator 15.48
Academic 13.51
Other 13.14
Database administrator 9.95
Embedded application developer 9.46
I don’t work in tech 2.58

We wish to understand whether there are significant differ-
ences between female and male respondents (the only groups
with sufficient data for statistical tests) with respect to differ-
ent demographic attributes: response time, age, occupation,
nationality, IT/programming experience, and ownership of
GITHUB repositories. Since the groups are unbalanced (female
24%; male 75%), we randomly subsample the male group
1000 times, and report median statistical significance results
and median effect sizes after the 1000 runs.

We found significant differences between the occupations
reported by female and male respondents (�2 tests of in-
dependence male vs. female, per occupation), with sizable
albeit small effects, as described next. In decreasing order of
Cramér’s V measure of effect size, male respondents are over-
represented as IT staff/system administrators (V =0.24; odds
ratio OR=0.18; p⇤⇤⇤=5.45⇥10�6), mobile app developers
(V =0.19; OR=0.32; p⇤⇤⇤=1.90⇥10�4), desktop developers
(V =0.16; OR=0.43; p⇤⇤=2.74⇥10�3), database adminis-
trators (V =0.11; OR=0.43; p⇤=0.04), managers/team lead-
ers (V =0.11; OR=0.57; p⇤=0.04), or web developers (V =
0.11; OR=0.65; p⇤=0.04). Female respondents are over-
represented as academics (V =0.12; OR=1.92; p⇤=0.03).
There are no significant gender differences among students
(p=0.39), embedded software developers (p=0.15), and other
occupations (p=0.15). In terms of number of occupations
reported per person, we found significant differences between
female and male respondents (WMW p⇤⇤⇤=4.43⇥10�6), but
negligible effect sizes (Hodges-Lehmann point estimate for
median difference �̂=3.28⇥10�5).

We did not find significant age differences between gen-
ders (median female=male=29; p=0.72); a slight difference
in response time (female: 7.66h; male: 6.64h; �̂=�1.07;
p�=0.08); and a significant difference in number of years of
IT/programming experience (male: 9; female: 6; �̂=2.00;
p⇤⇤⇤=2.06⇥10�4). In previous work we found that females

account for only 9% on GITHUB [7]. These results suggest
that women are not only underrepresented on GITHUB, but
also under-experienced compared to men. That is, the �̂=2.00
value means that the difference in experience between male
and female respondents, as seen by the WMW rank-sum test,
would only disappear if the experience of each female would
increase by 2 years (or, equivalently, the experience of each
male would decrease by 2 years).

Genders are also represented differentially across nation-
alities. Since there is insufficient data for statistical tests, we
present the distribution of the fraction of female respondents
among the countries with 20 or more respondents visually in
Figure 2. Four countries stand out: in USA (37.1% female; 213
respondents) and Brazil (44%; 25) the fraction of female re-
spondents is more than one median absolute deviation (MAD)
higher than the median; in contrast, in Germany (14.3%; 56)
and Russia (14.6%; 41) the fraction of female respondents is
more than one MAD lower than the median.
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Fig. 2. Fraction of female respondents, per nationality. Only countries with
at least 20 respondents shown. Median=0.238 (solid). MAD=0.083 (dotted).

Finally, we investigated gender differences in usage of
GITHUB. We found that female respondents own significantly
fewer public repositories than males do (V =0.13; OR=
0.45; p⇤=0.01), although there is no difference in ownership
of private repositories (WMW p=0.36). Furthermore, we
investigated gender differences in usage of different GITHUB
features (pushing commits; submitting pull requests; reporting
issues; reviewing and closing pull requests; participating in
discussions on commits, pull requests, or issues; watching;
forking; and following) among the top users of each feature
(i.e., respondents who reported using that feature frequently).
We could only find a significant difference with respect to
watching repositories: significantly fewer female respondents
watch repositories frequently compared to males (V =0.16;
OR=0.46; p⇤⇤=0.002). We conjecture that the gender dis-
parity in having public repositories on GITHUB, despite the
otherwise indistinguishable feature usage of active female and
male users (except for watching, as mentioned), may be related
to the so-called “impostor syndrome” that women program-
mers reportedly suffer from [24]: despite being knowledgeable
and professionally well-settled, women may be more reluctant
to publicly display their work. This is especially plausible
on GITHUB, where heavy users are known to have a “clear
awareness of the audience for their actions”, which influences
how they behave and how they construct their actions [10].
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• The repository owner and others who can 
push directly 

• People who contribute code frequently 
• People who work on my particular feature/

branch 

• Everyone who does something in this 
repository

less inclusive

more inclusive

Whom do you consider part of your team?
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@b_vasilescu @aserebrenik @vlfilkov

• The repository owner and others who can 
push directly 

• People who contribute code frequently 
• People who work on my particular feature/

branch 

• Everyone who does something in this 
repository#1 (72%)

Everyone

Whom do you consider part of your team?

less inclusive

more inclusive
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• Programming skills 
• Social skills 
• Gender 
• Ethnicity 
• Overall GitHub experience 
• Reputation as programmer 
• Country of residence 
• Personality 
• Age 
• Educational level 
• Real name 
• Hobbies 
• Employment 
• Political views

Which of the following characteristics of your team 
members are you aware of?

… for (none other / few other / most other) team members
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• Programming skills 
• Gender
• Real name 
• Social skills 
• Country of residence 
• Personality 
• Reputation as programmer 
• Ethnicity 
• Employment 
• GitHub experience 
• Educational level 
• Age 
• Hobbies 
• Political views

… for (none other / few other / most other) team members

74% 
48% 
45% 
42% 
40% 
39% 
31% 
30% 
30% 
28% 
26% 
23% 
11% 
4%

Developers are aware of each other’s gender

<—> Demographics not salient 
is OSS [Riordan & Shore]

Which of the following characteristics of your team 
members are you aware of?
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• Programming skills 
• Gender 
• Real name 
• Social skills 
• Country of residence 
• Personality 
• Reputation as programmer 
• Ethnicity 
• Employment 
• GitHub experience 
• Educational level 
• Age 
• Hobbies 
• Political views

… for (none other / few other / most other) team members

74% 
48% 
45% 
42% 
40% 
39% 
31% 
30% 
30% 
28% 
26% 
23% 
11% 
4%

Which of the following characteristics of your team 
members are you aware of?
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Meritocracy; no effects of diversity

Experiences working in a diverse team

“code sees no color or gender”

“any demographic identity is irrelevant”

“more about the contributions to the code 
than the ‘characteristics’ of the person”
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“diverse viewpoints often lead to 
lively discussions and new ideas”

“in general it is always enriching to 
communicate with someone different”

Positive effects of diversity

“diversity in the body of folks willing 
to interact and contribute works to 
strengthen the usability of the library”

Experiences working in a diverse team
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“I have used a fake GitHub handle (my normal GitHub 
handle is my first name, which is a distinctly female 

name) so that people would assume I was male”

“interactions are usually positive too, with 
occasional sexism, but nothing more then one 

encounters in the rest of life”

Negative effects of diversity

“… caused me to leave a project”

Gender related

Experiences working in a diverse team
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The team is everyone

Gender is surprisingly salient

Positive/negative/no effects of diversity

What constitutes a team?

Which differences do people recognize among team 
members?

Does diversity matter?

Perceptions of Diversity on GitHub
Bogdan Vasilescu, Vladimir Filkov, Alexander Serebrenik


