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Abstract—This paper presents a large quantitative study of
the contributions of females compared to males in open-source
projects. Female participation is found substantially low and
females are found more engaged in non-coding work compared
to men. The findings are statistically significant and are derived
from an in-depth analysis of over 10 thousand developers’
contributions to more than 81 million different projects in the
World of Code (WoC) infrastructure. The insights from this study
are useful in addressing gender disparity in the field.
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I. INTRODUCTION

Despite the early days’ programmers being women, the
lady Augusta Ada being recognized as the first programmer,
the participation of women in computing has remained low
compared to men. The same scenario exists in the fields of
software development and software engineering. According to
the US Bureau of Labor Statistics, women’s employment in
software development and programming roles have decreased
from 2017 to 2019 and women make up only 18.7% of all
software developers in the US in 2019 [1].

While women’s participation in the software industry looks
slightly better in first-world countries such as the US, the
scenario appears much worse when we look at the global
picture across countries. According to a report [2] in 2002,
women made up only 1.1% of the contributors in FLOSS
(Free/Libre and Open Source Software) projects. 15 years
later, in 2017, GitHub surveyed over 5,500 open-source de-
velopers and users where only 5% of the contributors were
identified as females [3]. This report further emphasized that
gender diversity in the software engineering field is even worse
than in the overall tech industry in general.

It is a general understanding that diverse teams outperform
their homogeneous counterparts in a variety of ways with
higher productivity, innovation, and overall success [4]-[7].
Hence, there is a rising interest among practitioners and
researchers to examine gender diversity and gender bias in
software development projects [7]-[11]. The ultimate goal
behind all these recent efforts is to increase women’s par-
ticipation in the fields of software engineering and software
development.

Towards this goal, we first need a clear understanding of
the women’s current contributions to software development,
especially, the kinds of technologies and development tasks
they are and aren’t engaged in. These are what we investigate
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in this study. In particular, we address the following four
research questions:

RQ1: How prevalent are female contributors in popular

open-source projects?
— As described before, women’s participation in the fields of
software engineering and software development was reported
very low in the past. We want to verify if and to what extent
the scenario has changed over time, to gain an understanding
of how much the fields have advanced in terms of gender
diversity.

RQ2: How do women’s depth of engagement/contributions

in open-source projects compare with those of men?
— We estimate the depth of contributions/engagement of a
contributor in terms of their dealing with coding and non-
coding tasks. Comparing male and female contributors’ in-
volvement in coding and non-coding tasks will give us an in-
sights into the depth of technical challenges these contributors
take on.

RQ3: Are there significant differences in the types of tasks
(e.g., implementation of new features vs. fixing bugs in existing
code) the male and female contributors are mostly engaged in?
— Substantial disparities, if found in the categories of tasks
the male and female contributors are engaged in, will indi-
cate opportunities for capturing gender-wise interests and/or
deficiencies in tackling different categories of tasks.

RQ4: In which programming languages do the female
developers contribute the most? How do their contributions
in different languages change over time?

— Understanding the female expertise and trends can inform
the development of resources and training programs that cater
to the specific needs and interests of female developers.

To address the aforementioned research questions, we ana-
lyze over 10 thousand contributors’ nearly 21 million commits
to more than 81 million different projects in the World of Code
(WoC) infrastructure [12].

II. DATA COLLECTION

We use WoC [12] as our primary source of data. WoC
includes a curated dataset consisting of 173 million git repos-
itories. One of WoC’s primary areas of curation includes
parsing file content to identify dependencies in 17 different
programming languages. These 17 languages are listed in the
second column from the left in Table I.
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To identify the authors/developers/contributors of a project,
we use the project to author mapping in WoC. A total
of 10,898 distinct authors/contributors are identified to have
contributed to the 17 projects listed in Table I. To detect the
gender of an author, we use Wiki-Gendersort [13]. Among the
10,898 contributors, 10,255 are identified as males, 477 are as
females, and the rest 166 are classified as unisex or unknown.

B. Change Characterization

Software projects include source code written in files, which
we refer to as code files (CF). The language in which a CF is
written is determined based on the the file extensions. For ex-
ample, a file having a . ¢ extension is considered a CF written
in C. Files having a .md extension are considered non-code
files (NF). A typical commit may make changes to CF or/and
NF. For this study, we keep account of the number of CF
and NF being affected by a certain commit. For convenience,
let 6 and ~ respectively denote the number of CF and NF
affected/changed by commits made per author/contributor on
average.

III. ANALYSIS AND FINDINGS

The procedural steps for data collection and analyses in our
study are summarized in Figure 1. The steps in phase 1 through

phase 4 respectively are associated with addressing research
questions RQ1 through RQ4.

For each of the 17 projects (identified in Table I), we
compute the average number of commits they collectively
made to the project, and the average number of CF and NF
affected by commits per author (i.e., d and =, respectively)
as presented in Table II. The same set of information for the
female authors/contributors are also included in the table.

A. Prevalence of Male or Female Contributors (RQI)

A total of 10,898 distinct authors/contributors are identified
to have contributed to the 17 projects listed in Table I. Among
the 10,898 contributors, 10,255 are identified as males, 477
are as females, and the rest 166 are classified as unisex or
unknown. This 1.57% of contributors classified as unisex or
unknown are excluded from our study. None of the 10,898
authors is found to have contributed to multiple of the 17
projects.

Clearly the total number of distinct male contributors
(10,898) is much higher than the total number of female
contributors (477). For each of the 17 projects (except for
one) the proportion of female contributors is only 7.5% or



lower. The only exception is the Fortran project, where females
constitute 21.41% of the contributors.

Fortran is arguably the first high level programming lan-
guage and it is interesting that the female developers’ pro-
portion in the Fortran project (i.e., wrf-model_WRF) is much
higher compared to their participation in projects primarily
developed in other programming languages. This is among
the reasons that inspires us pursue the research question RQ4,
which we address later in Section III-D.

Now, if we consider per person number of commits on
average, male contributors appear to have higher number
of commits. For most of the projects (except for four) the
average per person number of commits made by the male
contributors is consistently higher than those made by females.
The exceptions are the four projects primarily written in Ruby,
JavaScript, C++, and Java, where the per person number of
commits made by females are found higher than those made
by the male contributors. Overall, across all the projects, the
per person average number of commits by male contributors
is 23.20, which is close to double the contributions of females
(per person 11.85 commits only). A Mann-Whitney-Wilcoxon
(MWW) test [14] over the distributions of per person average
number of commits by male and female contributors confirms
the statistical significance (p = 0.03,a¢ = 0.05) of our
observation. We, therefore, derive the answer to the research
question RQ1 as follows:

Ans. to RQ1: Female participation in open-source projects
is generally low. The proportion of female contributors is
only 7.5% or lower. Females make fewer commits to the
projects compared to male contributors.

B. Technical Depth of Contributions (RQ2)

We characterize the technical depth/engagement of a com-
mit by accounting the number of CF and NF affected/changed
by that commit. A contributor making commits that affect
more CF than NF is considered to have made more techni-
cal/coding contributions than non-coding contributions.

For each of the 17 projects (listed in Table I), all commits
made by male and female contributors are selected separately.
Then, the files that are modified through these commits are
identified and classified into CF or NF according to the
characterization described in Section II-B.

For the 17 projects, if we look at § (i.e., per author
average number of affected CF) and ~ (i.e., per author average
number of affected NF) as presented in Table II, we note the
following observations: (a) for almost all the projects (with two
exceptions for C++ and Lisp projects), d is substantially higher
for male contributors compared to females. Across all projects,
overall 6 for male contributors is 65.49, while for females
0 is only 37.06. (b) For almost all the projects (with four
exceptions for JavaScript, C++, Java and Fortran projects),
v is also higher for male contributors compared to females.
However, across all projects, overall v for females is 20.04,
which is higher than that for males (11.64). (c) When we
focus on male contributors only, in most (11) of the projects

0 is substantially higher than -, which is also reflected on
the overall values across all the projects (6 = 65.49 while
v = 11.64 only). (d) A similar scenario is also visible for
female contributors but for females, the difference between
overall § (37.06) and v (20.04) across all the projects is much
smaller compared to males. Based on these observations, we
formulate the answer to research question RQ2 as follows:

Ans. to RQ2: Females make less contributions in both
coding and non-coding tasks compared to males. The ratio
of coding to non-coding contributions is much smaller for
females compared to male contributors.

C. Task Assignment (RQ3)

To address RQ3, we examine the contributions of both
male and female authors across five different categories of
tasks, which are: ‘bug fixing’, ‘energy aware’, ‘new feature’,
‘refactoring’, and ‘security-related’ tasks. We identify 0.57
million commits made by female authors and almost 21
million commits made by male authors in all the projects of
WoC (including the 17 projects mentioned before).

We then categorize the commits by classifying correspond-
ing commit messages in the five task categories using a
keyword based substring search method adopted from the work
of Islam and Zibran [15]-[18]. Thus we deal with 565,239
commits by 477 female authors to 2,633,275 distinct projects
and 20,997,331 commits by 10,255 male authors to 79,089,386
distinct projects. Among them 351,644 female commits and
14,356,162 male commits are discarded because those do not
fit into any of the five task categories.

TABLE III
MALE AND FEMALE COMMITS FOR DIFFERENT TASK CATEGORIES

Categories Number of commits

of By male developers By female developers
Tasks Total | Average Total Average
Bug fixing 2,271,537 221.51 80586 168.94
Energy aware 4504 0.44 63 0.13
New feature 2,894,381 282.24 | 106323 222.9
Refactoring 157,081 15.32 5091 10.67
Security-related 1,313,666 128.1 21512 45.1

Table III presents the number of commits and the average
number of male and female commits per author for the five
task categories. As seen in the table, for each category of
tasks, per person average number of commits is consistently
higher for male contributors compared to females. Especially,
for the ‘security-related’ tasks, male authors are found to have
made nearly three times the commits made by the female
authors (i.e., 128.1 vs. 45.1). Pairwise MWW tests (o = 0.05)
between the male and female contributions/commits performed
separately for each of the five categories of tasks confirm
statistical significance of our observation with p = 0.00001.
We, therefore, derive the answer to RQ3 as follows:

Ans. to RQ3: Female contributors consistently make fewer
commits than males across all task categories, with a very
large disparity in contributions to ‘security-related’ tasks.




TABLE IV
CONTRIBUTION OF 477 FEMALES IN 17 PROGRAMMING LANGUAGES

# of First # of First
Language | commits | commit Language | commits | commit
Ruby 576623 2008 R 27742 2011
JavaScript 411048 2006 Rust 12863 2008
PHP 378286 2006 Lisp 12756 2009
C++ 361176 1992 SQL 10860 2006
C 305761 1992 Fortran 9253 2008
Go 202124 2012 C# 3790 2012
Java 64906 2010 Lua 3047 2012
Python 44834 2006 Swift 874 2015
Scala 38488 2011 Total 2,464,431 commits

D. Programming Languages Used by Females (RQ4)

For each of the 477 female developers identified before,
we capture the commits affecting CF in all projects in WoC
including and beyond the 17 projects discussed before. Thus,
we obtain 2,464,431 CF commits across 2,633,275 projects.
For each of these commits, we extract year from timestamp
and for each of the affected CF, we identify the language the
CF is written in.

Table IV presents the number of commits those female
contributors made resulting in changes to CF written in the 17
languages. As we see, the female commits made changes to CF
written in all 17 languages, which include modern languages
(e.g., Go, Swift, Rust) as well as older languages (e.g., Fortran,
C). Table IV also presents the year in which code written in
each language was first affected by a female commit and we
observe interesting variations.
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GitHub recently published a trend of top ten programming
languages in which contributions to GitHub projects were
made the most [19]. In Figure 2, we present a similar trend
among the 477 WoC female contributors in our study. Again,
unlike the GitHub trend that includes developers of all gen-
ders, the female contributors in our study exhibit substantial
variations in the languages they contribute most in different
years. Based on the observation, we derive the answer to RQ4
as follows:

Ans. to RQ4: Females contribute in all programming
languages. Over long period, Ruby, JavaScript, PHP, C++,
C, and Go are the top six languages the females contribute.
However, their top contributing languages vary across years.

IV. THREATS TO VALIDITY

In estimating contributions, we relied on the number of
commits and the number of affected CF and NF without taking
into account the dispersion and sizes of changes made to the
files. We plan to address this limitation in the future.

Due to some difficulties in extracting individual developers’
NamSor [20] gender mappings in WoC, we opted in using
Wiki-Gendersort. This algorithm is reported to have 97.07%
accuracy in identifying genders in NamSor names [13]. The
exclusion of 1.57% of contributors (Section III-A) classified
as unisex or unknown should not have a significant impact on
our results.

V. RELATED WORK

There have been many studies on open-source projects [21]—
[25] but only a few focused on female participation and
contribution. Surveys over years reported low participa-
tion/contribution of women in open-source projects [2], [3],
[26], [27] while some reports also indicated that female
contributors primarily engaged in non-coding tasks [26], [27].

Based on a study on code review repositories of 10 popular
open source projects, Bosu and Sultana [28] identified less
than 10% female developers and even fewer female core
developers. A recent survey of 51 articles reported that women
are less likely to be core developers and often make non-code
contributions [29]. Canedo et al. [30] studied core developers
of 711 open source projects and reported that only 2.3% core
developers were women while only 45 out of 711 systems had
at least one woman core developer.

Our work is unique from the aforementioned ones in several
ways. Ours is not a survey. Compared to the earlier studies,
ours is a substantially large scale work. Our first research
question was investigated in the past but not at the scale of
our study and the rest three research questions were never
explored before. Similar to earlier work, we also found very
low participation of females with only 7.5% contributors
being women. However, we find that women contribute to
both coding and non-coding tasks, although both kinds of
contributions still remain lower than male contributions.

VI. CONCLUSION

In this paper, we have presented a large quantitative study of
the prevalence, engagement, and expertise of female contribu-
tors (compared to males) in open-source projects in WoC [12].

We find that the proportion of female contributors is only
7.5% or lower. Females make fewer commits compared to
males irrespective of categories of tasks. Females make less
contributions in both coding and non-coding tasks compared to
males. Contributions in coding compared to non-coding tasks
are higher for both males and females, but the difference is
comparatively much smaller for females. Female developers
are found to have contributed in all the programming lan-
guages with the most contributions in Ruby, JavaScript, PHP,
C++, C, and Go.

The results are derived from an in-depth analysis of over
10 thousand developers’ nearly 21 million commits to more
than 81 million different projects. The results are verified in the
light of statistical significance. In future, we plan to address the
limitations identified in Section IV and extend this work with
a qualitative investigation of the reasons behind the findings
of this study.
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