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1 Introduction
The analysis of the gender dynamics in scientific research and
respective outputs is crucial for ensuring that science policy
is inclusive and equitable. Similar to other research outputs
such as publications and patents, open source software (OSS)
projects are also developed by contributors from universities,
government research institutions, and nonprofits, in addition
to businesses. Despite its reach and continued rapid growth,
reliable and comprehensive survey data on OSS does not ex-
ist, limiting insights into contributions by gender and policy-
makers’ ability to assess trends in gender representation.

Like in scientific research, the inclusion of diverse per-
spectives in software development enhances creativity and
problem-solving. Using GitHub data, researchers have found
positive correlations between gender diversity of an OSS de-
velopment team and its productivity (Vasilescu et al., 2015;
Ortu et al., 2017). Yet there is evidence of gender bias, with
women facing higher standards to have their contributions
accepted (Terrell et al., 2017; Imtiaz et al., 2019).

This exploratory study aims to quantify gender differences
in development and use (impact) of OSS using publicly avail-
able information collected from GitHub. We focus on soft-
ware packages developed for programming language R, with
the majority of contributors from academia. The paper asks
(1) what are gender differences in the volume of contribu-
tions? (2) has gender representation shifted over time? (3) is
there a correlation between the gender of contributors and the
impact of a package?

2 Data and Methods
We collected data on R installable libraries/packages from the
Comprehensive R Archive Network (CRAN). The registry in-
cludes 19,700 packages and associated metadata such as con-
tributor names, license, technical dependencies, and source
code URL. We collected repository-level information (coding
activity, contributor profiles, and repository attributes) for the
packages that are developed and maintained on GitHub.

The dataset includes 1,883,977 commits to 7,016 regis-
tered R packages from 2008 to mid 2023 and information
about 14,311 unique contributors. We also collected down-
load counts for the respective packages.
2.1 Gender Classification
We used gender-guesser, an open-source Python package, to
assign a gender label to contributors based on first name,
ultimately categorizing them into male, female, non-binary or
unknown genders. We classified 6,692 contributors as male,
755 as female and the remainder as non-binary or unknown.

2.1.1 Validation
The accuracy of gender-guesser is competitive with that of
other name-based gender classification tools (Santamarı́a and
Mihaljević (2018)), but such tools carry risk of error, es-
pecially for non-Western names (Santamarı́a and Mihaljević
(2018), Sebo (2022)). GitHub has recently created a profile
field for voluntary sharing of pronouns, which we used to
evaluate the tool’s performance.

Table 1 compares the gender-guesser prediction to self-
reported pronouns. Accuracy is 97% when non-classification
is excluded and 60% when included.1 Precision for females
was 89% and for males 98%.

Predicted
female male unknown total

Actual female 33 4 36 73
male 4 244 144 392
total 37 248 180 465

Table 1: Validation of gender-guesser’s classification using
self-reported pronouns on GitHub.

Although these results are promising, nearly one-half of the
users were not classified. Conclusions rest on an assumption
that the actual gender mix of “unknown” users is close to the
mix of identified males and females.

2.2 Dependency Network
While most packages in the CRAN registry only require base
R to perform, some depend on other packages. A package’s
network centrality measures the extent to which other pack-
ages depend on it, suggestive of both its technical utility and
economic impact. A directed edge 8 ! 9 indicates that the
package 8 depends on 9 to function. We obtain a network
with 5,894 nodes and 9,128 directed edges. On average, the
number of edges (incoming or outgoing) per node in the de-
pendency network is 3.1. About 1,000 nodes do not point
to (are not dependent on) another node. About 4,500 do not
have any incoming links (nothing depends on them). This
is consistent with our initial view that R packages tend to be
specialized for specific scientific fields and methods.

We examine a number of centrality metrics to capture the
impact of packages. Here, due to space limitations, we focus
on indegree (i.e., the number of reuses a package has). We
find that the package with the highest indegree centrality is
ggplot2, with a score (incoming links / (n - 1)) of 7.9%. This is
followed by MASS, Matrix, survival, and DBI. Cumulatively,

1Non-classification was mainly due to users from Asian locations,
unisex western names, and organization accounts.



these five packages account for a quarter of dependencies in
the R packages universe.

To analyze the correlation between network impact and
GitHub contributions by gender, we extract centrality met-
rics for the packages that were developed in GitHub. Over 99
percent of the approximately 7,000 GitHub-developed R pack-
ages appear in the CRAN listing. Among these, about 1,500
are in the R dependency network. Other GitHub-developed
R packages are singletons to which we assigned network cen-
trality scores of 0. Excluding singletons, the mean node had
2.65 incoming links. As in the broader R network, only a few
packages had non-negligible centrality scores.

2.3 Other Metrics of OSS Contribution and Impact
In addition to network centrality metrics, we use downloads
from CRAN (indicative of popularity among R users) and the
number of forks and stargazers on the package’s repository
(developer interest) to capture impact. Downloads, forks and
stargazers were reported as of mid-2023 and are normalized
for package age. We used package ownership (suggestive of
leadership), and the number of commits and lines of code
added per month of tenure.

3 Results
Through percentage breakdowns we showcased how different
gender groups contributed to OSS projects through commits,
lines of code, and package ownership. To examine the link
between gender and package impact, we correlated impact
metrics with the percentage of a package’s code additions that
were committed by female developers and compared these
metrics by gender of the package’s owner. Finally, we doc-
umented growth rates and counts of contributors by gender
since GitHub’s start in 2008 to determine if the gender gap
has narrowed. Our results are summarized below.

Figure 1 illustrates growth in package ownership by gender
over time. Although female representation has grown, male
developers continue to dominate ownership.

Figure 1: Number of packages owned by male and female develop-
ers by year

Figure 2 compares the distribution of impact metrics of
packages owned by male and female developers. We found
no significant difference in respective impacts.

Overall, we found that metrics were highly skewed (follows
a power-law distribution), with a few observations having an
out-sized impact on the R ecosystem. The topmost contrib-
utors in terms of volume (number of lines of code, number

Figure 2: Distributions of package impact metrics for packages
owned by make vs female

of packages contributed to) are male. However, the median
female has the same or greater volume of commits, packages,
and lines of code added per month as the median male.

In 2008, only 5% of contributors were female. That figure
crept up to 11% in 2020. Moreover, teams have grown more
diverse: the average package team was 1%-2% female during
2008-2014 and 4%-5% 2016-20. Nevertheless, the absolute
difference in the number of male and female developers has
grown. We found no evidence that a package’s impact is
correlated to the percentage of lines of code added by females,
or that it differs by the gender of the package owner.

4 Discussion
Gender classification and analysis shed light on gender repre-
sentation and contributions in the rapidly growing and valu-
able OSS sector, providing insights for further research and
decision-making. This exploratory study has limitations due
to missing gender information for a significant number (about
a half) of developers. We recommend future research priori-
tize gender classification to reduce uncertainty in male-female
comparisons and trend analysis. Options include named entity
recognition of the national origins of names to better label the
dataset and identify candidates to be discarded, and recurrent
neural networks (e.g., (Hu et al., 2021)).
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