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Open Source Software for Social Good (0OSS4SG), a specialized segment within the Open Source Software
(OSS) domain, is gaining increasing recognition for its focus on addressing societal challenges and delivering
positive social impact. Learning about how contributors engage with OSS4SG is crucial to its sustainability,
as the long-term success of these projects relies heavily on active and ongoing contributor participation.
However, no study has yet examined the dynamics of contributors within OSS4SG. To fill this gap, we analyzed
over 2.2 million commits made by 5,860 contributors to both OSS4SG and general OSS projects on GitHub,
identifying contribution patterns and factors influencing sustained contribution to OSS4SG. We found that
although OSS4SG contributors tend to show lower overall contribution intensity and shorter active lifespans,
their activity during engaged periods is relatively more regular compared to contributions to general OSS.
In addition, contributors from developing regions (e.g., Africa) or women are more likely to start with and
continue contributing to OSS4SG, despite their overall contribution levels being lower than those of others.
Based on these insights, we propose targeted strategies to increase contributions to OSS4SG projects to
maximize their social impact to benefit society and harness their potential to foster broader participation in
open source, ultimately enhancing the sustainability of the whole community.
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1 Introduction

Open Source Software for Social Good (OSS4SG), a specialized category of Open Source Software
(OSS), consists of projects aimed specifically at addressing societal challenges and delivering positive
social impact [24]. OSS4SG is gaining increasing recognition for its emphasis on solving social
issues through collaborative software development. GitHub,! a leading platform for open-source
collaboration, has significantly contributed to the expansion of OSS by attracting a large community

!https://github.com/
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of contributors who engage in activities such as coding, issue reporting, and improving software
quality [45]. This has also supported the rise of OSS4SG. While GitHub allows projects to self-
identify through user-defined topics (e.g., #social-good), we identify OSS4SG by its alignment
with the 17 Sustainable Development Goals (SDGs).? The SDGs serve as a comprehensive global
framework aimed at addressing pressing social, economic, and environmental challenges, promoting
peace, prosperity, and sustainability [6]. This aligns more closely with our research focus on
sustainability and provides a consistent, externally grounded definition, as established in a prior
study [15] and on the official Digital Public Goods Alliance website.” For example, the Somleng
project is classified as OSS4SG because it aims to save lives by providing communication access to
some of the world’s most remote and vulnerable communities, striving to make communication
accessible to everyone,? aligning with the good health and well-being and reduced inequalities goals
of the SDGs.

Different from general OSS, previous research has shown that contributors to OSS4SG are driven
by the desire to create lasting social change, prioritizing societal impact over personal gains such
as skill development or career advancement [24]. They are also more selective, choosing projects
based on societal relevance, intended beneficiaries, and broader social impact [24], whereas general
OSS contributors may focus more on technical interests or personal preferences [19]. Thus, OSS4SG
projects may struggle to attract contributors’ attention at the same level as general OSS projects,
since their focus on social impact can sometimes overshadow technical aspects that are often more
appealing to the broader OSS community. Contributors to OSS4SG projects also face challenges such
as limited visibility for OSS4SG and concerns about its long-term sustainability [24]. Both academia
and industry have undertaken various initiatives to enhance their visibility. For instance, researchers
developed a maintainer dashboard that provides strategies for attracting and retaining open-source
contributors, which has been validated as effective in the OSS4SG project [22]. Another study
introduced a recommendation system that suggests OSS4SG projects to contributors based on their
activity and project-related data [16]. In an educational context, a study implemented a lightweight
intervention that significantly increased the likelihood of student developers participating in
0SS4SG [15]. Additionally, platforms like GitHub have actively promoted socially driven projects,
encouraging community participation.

While existing studies have primarily focused on increasing the visibility of OSS4SG projects and
attracting new contributors, they have largely neglected the challenges related to contributor partic-
ipation and long-term contribution. Understanding how contributors maintain their participation
over time is essential, as the development and success of OSS projects depend heavily on sustained
community participation [27, 42]. However, there is limited understanding of whether and how
contribution patterns in OSS4SG differ from those in general OSS. Furthermore, the factors influ-
encing participation and sustained contributions in OSS4SG have yet to be thoroughly examined.
Exploring these aspects can help enhance participation strategies, improve project sustainability,
and maximize the social impact of OSS4SG, which is crucial for attracting diverse contributors and
ensuring the success of projects aimed at addressing societal and global challenges.

We began with a set of 210 seed projects, encompassing both OSS and OSS4SG on GitHub, and
collected over 2.2 million historical commits from their 5,860 contributors. We then examined
contributors’ contribution patterns in OSS4SG compared to those in general OSS projects and
identified the factors influencing their participation and long-term contributions. Our findings
indicate that contributors tend to show lower contribution intensity and shorter active duration in

Zhttps://sdgs.un.org/goals
3https://www.digitalpublicgoods.net/
4https://github.com/somleng/somleng
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0SS4SG compared to general OSS. However, their OSS4SG contributions are relatively more regular
over time. While overall contribution levels to OSS4SG projects remain low, contributors who begin
their open-source journey with OSS4SG tend to maintain a relatively high level of participation
with social good projects throughout their contributing lifespan. In addition, contributors from
developing regions (e.g., Africa) and women exhibit greater participation in OSS4SG compared
to other demographic groups and are more likely to begin their open-source contributions with
0SS4SG projects, although their total contributions remain lower than those of other contributors.
We claim the following contributions:

o A comprehensive analysis of the differences in contributors’ contribution patterns between
0SS4SG and OSS.

e The first study to analyze the full historical commit activity of contributors who have engaged
in OSS4SG.

e Insights for developing customized onboarding and retention strategies for OSS4SG.

By analyzing the contribution patterns of OSS4SG contributors, we propose targeted strategies
to foster greater engagement and sustained involvement in OSS4SG, while also leveraging their
potential to encourage broader participation in the open-source ecosystem. Our findings may also
inform a wider range of technology-for-social-good communities (e.g., ICT4D and Data Science for
Social Good), which, despite differing in scope and context, may face similar challenges related
to visibility, inclusivity, and contributor retention. These efforts not only aim to improve the
sustainability of social good initiatives but also to enhance the overall impact of technology-driven
approaches to advance social development.

2 Related Work
2.1 Open Source Software For Social Good

Open Source for Social Good (OSS4SG) refers to open source software projects that are specifically
designed to address societal issues by benefiting a community [24]. Despite their importance, these
projects do not receive as much visibility and awareness as general OSS projects [24]. Various
strategies have been employed to enhance their visibility within both industry and academia. For
example, researchers have created a maintainer dashboard that provides strategies for attracting
and retaining open-source contributors, such as highlighting project goals like social good to
attract diverse contributors. These recommendations have proven effective in making OSS4SG
projects appear welcoming, which also encourages maintainers to actively engage with new con-
tributors [22]. Another study introduced a recommendation system that automatically suggests
0SS4SG projects to potential contributors based on their activity and project-specific data. This
system has proven effective, although there remains scope for further improvement in the quality
of project recommendations [16]. In an educational context, researchers have attempted a light-
weight intervention to encourage future developers to participate in OSS4SG, finding a significant
improvement in the likelihood of student developers contributing to OSS4SG [15]. Furthermore,
GitHub actively encourages developer participation in repositories focused on addressing social
challenges. Their Social Impact team empowers current and future developers, as well as nonprofits
and non-governmental organizations to make lasting, positive contributions to society by leverag-
ing GitHub’s products, brand, resources, and workforce.’ Despite efforts to raise awareness among
developers about the OSS4SG community and encourage their participation, the differences in
contribution patterns between OSS4SG and general OSS projects remain unclear, which could also
impact the sustainability and success of these projects. To address this, we performed a comparative

Shttps://github.com/social-impact
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analysis of contributors’ behavior in OSS4SG and general OSS projects to uncover the distinct
characteristics and trends specific to OSS4SG.

2.2 Contributors in Open Source Software

2.2.1 Contributor Dynamics in Open Source Software. In OSS development, contributors play a
critical role in molding projects and fostering collaborative innovation [55]. These contributors
undertake a variety of tasks, including the creation, modification, and optimization of software to
enhance its functionality [1, 43]. This spans both non-technical (e.g., feedback and mentorship) and
technical (e.g., coding contributions) aspects [57]. The progress and sustainability of OSS projects
heavily rely on the contributions and active participation of community members [27, 42]. The
success of OSS is heavily dependent on consistent contributions from developers, as these regular
inputs and active community participation are linked to enhanced software quality. Conversely,
infrequent participation can negatively impact the quality of the software [7]. However, sustaining
participation presents substantial challenges, including high turnover rates and burnout, which
may threaten the viability of these projects [20, 28]. Thus, the dynamics of contributor participation
and its impact on project development have been the subject of prior research. For instance, since
many developers leave after making a few contributions [26], studies have identified factors that
lead to dropout among contributors in open source, including the popularity of the projects they
work on, their transitional experiences, the timing of their contributions, and the level of their
participation [40].

On the other hand, investigations into what drives contributors to stay in OSS projects have
uncovered both internal (e.g., personal satisfaction, intellectual stimulation) and external (e.g.,career
advancement) factors [12, 19, 39, 61]. Moreover, active participation in community discussions and
issue tracking can enhance participation and reduce turnover rates [26], while effective communi-
cation with maintainers and experienced contributors is crucial for the successful integration of
newcomers [63]. Additionally, technical factors such as the codebase complexity also significantly
influence contributor participation 3, 11]. Despite these technical factors, social interactions within
the community, such as mentorship and collaboration, are also emphasized as crucial for attract-
ing and retaining contributors [2, 64]. Therefore, to maintain contributors’ participation, several
effective strategies have been proposed, including recognizing contributors’ efforts, establishing
clear pathways for contributions, and fostering a welcoming community environment [21, 54, 64].
However, it remains unclear whether the social value orientation of OSS4SG can alleviate common
problems such as contributor turnover and burnout, thus sustaining long-term participation. This
study aims to investigate this potential.

2.2.2 Diversity of Contributors in Open Source Software. As OSS projects evolve, they increasingly
attract contributors from diverse backgrounds [10]. Previous studies have explored the challenges
and opportunities that diversity presents for OSS onboarding and contributions, focusing on factors
such as region and gender differences [13, 46, 56]. For example, although women are significantly
underrepresented in OSS communities, those who do participate demonstrate comparable pro-
ductivity to men [18], follow similar development trajectories, and often remain more engaged in
projects than men [13]. However, gender-related bias persists, as previous research indicates that
pull requests submitted by women on GitHub are less likely to be accepted than those submitted by
men [53]. Regarding geographical influences, research has shown that while most motivations and
barriers to contributions are consistent across regions [46], geographical biases also significantly
affect the acceptance of contributions, such as pull requests [49, 50]. These insights, however,
pertain to the general OSS community. Considering the distinct aim of OSS4SG in addressing
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social issues, it remains to be determined whether factors like region or gender affect contributors’
onboarding, participation, and sustained contribution to these projects.

2.3 Commit Contribution Patterns in Open Source Software

Commits represent a developer’s contribution to a project’s codebase [30]. Understanding the
commit contribution patterns of contributors is crucial for discerning the evolutionary trends in
OSS projects, as well as the behaviors and collaborative patterns of developers [33]. These elements
are fundamental in influencing the sustainability of OSS projects [62]. Mockus et al. investigated
commit activities in OSS projects such as Apache and Mozilla and found that while a small core
group of developers contributed the majority of the work, a larger group of occasional contributors
also played a significant role in project development [41]. Another study examined the initial commit
behaviors of developers in OSS projects, modeling and predicting their long-term participation. It
found that willingness and environment are critical in determining whether a newcomer will remain
as a long-term contributor [64]. A different study analyzed the distribution of commit intervals at
both project and file levels across the projects’ lifecycles and individual releases, revealing that
these distributions typically follow power-law patterns, offering insights into the dynamics of
OSS development processes [36]. With an understanding of contribution patterns, researchers
explored methods that can foster long-term viability and growth within these projects to enhance
the sustainability of OSS. For instance, Calefato et al. developed a novel approach to detect periods
of inactivity among developers by examining their contribution patterns to projects [5]. Moreover,
based on machine learning techniques, historical commit data from contributors has been used to
predict which new contributors to OSS repositories are likely to become long-term participants [14].
Another study introduced a mathematical framework to analyze synchronous development in OSS
projects by using the time-series data of commit and communication activities. This framework
underscores the vital role of synchronized activities in distributed software development and offers
insights into effective collaborative mechanisms that enhance OSS environments [60]. In this study,
we analyzed the commit contribution patterns of contributors to OSS4SG projects, identifying
distinct trends in their activity compared to general OSS.

3 Methodology

We collected complete commit histories of 5,860 contributors across 210 seed projects, resulting
in a final dataset of their commit records, the associated GitHub project for each commit, and
any available demographic data. We then analyzed their contribution patterns in OSS4SG projects
compared to general OSS projects, as well as how participation in OSS4SG projects influences
contributors’ future activity. In addition, we investigated how contributor profiles (i.e., region and
gender) affect their contributions to OSS4SG projects. We mainly aim to answer:

e RQ1: How do contribution patterns differ between OSS4SG and general OSS?

e RQ2: Does contributing to OSS4SG have a sustained influence on contributors’ future partici-
pation in OSS4SG?

e RQ3: How do different contributor profiles influence their contribution patterns in OSS4SG
compared to general OSS?

3.1 Data Collection
3.1.1 Seed Projects. As shown in Fig. 1, we began with 70 OSS4SG (Nsg=70) projects. Following
established practices [15], we collected these OSS4SG projects from the Digital Public Goods
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Alliance (DPGA),® which defines projects for social good based on the 17 SDGs.” This approach
aligns closely with the definition of "social good" as recognized by computing practitioners, as
highlighted in a recent study [15]. To confirm that the selected projects truly serve social good
purposes, one of the authors manually verified all 70 OSS4SG projects. To construct a baseline
of general OSS projects, we randomly sampled two sets of general OSS projects from GitHub,
following the methodology employed in a prior study [24]. The first set consisted of 70 general OSS
projects with codebase size similar to those of the OSS4SG projects (Ncs = 70), while the second set
included 70 general OSS projects with a similar number of contributors as the OSS4SG projects
(Ncc = 70). For example, if an OSS4SG project had ten contributors, we selected a general OSS
project with the same number of contributors, consistently applying this approach to choose OSS
projects of similar codebase size. Consequently, we assembled a dataset of 210 seed projects: (1) 70
0SS4SG projects with an average of 64 contributors and an average codebase size of 210,102 KB;
(2) 70 general OSS projects matched by codebase size; and (3) 70 general OSS projects matched by
contributor number. Kolmogorov-Smirnov tests verified that other project characteristics, such as
programming language, project age, and number of active days, showed no significant differences
between the matched pairs.

3.1.2  Contributors’ Activity. In this study, we defined a contributor as someone who has made at
least one recorded commit in a repository’s history, since commits serve as the primary indicator of
activity on GitHub [29]. On GitHub, commits represent changes to one or more files within a project,
capturing various actions such as adding new code, fixing bugs, or updating documentation.® Each
commit is assigned a unique identifier, known as a SHA or hash, which allows precise tracking of
every modification.” Our analysis focuses primarily on commit contributions, as they are the most
accurate indicator of a developer’s contributions and reflect the progression of an OSS project [29].
As shown in Fig. 1, we collected the complete commit history of contributors associated with the
seed projects on GitHub.

3.1.3 Data Sources. We used two sources for data collection: GitHub API and World of Code.
GitHub API. The GitHub API enables comprehensive access to GitHub’s features, allowing re-
searchers and developers to automate tasks such as repository management, issue tracking, and
pull request handling.'” The API supports both REST and GraphQL, providing flexibility in data
retrieval and manipulation. Fig. 1 illustrates the role of the GitHub API in the data collection
process. We primarily used the GitHub API to gather publicly available demographic information
of contributors, including their regions and names listed on their GitHub profiles.

World of Code. World of Code (WoC) is a scalable and up-to-date infrastructure designed to
support research using version control data from open-source projects, offering a comprehensive
dataset that spans numerous repositories [34]. It provides broad access to its extensive dataset
through a tool optimized for rapid query processing, improving data usability for a variety of
research tasks [34]. We chose WoC due to its ability to efficiently collect and process large datasets
at scale, as well as the limitations of the GitHub API in retrieving a user’s complete commit
history.!! WoC’s capabilities have been validated through its widespread application in diverse
research [34, 35]. Fig. 1 shows how we used WoC in the data collection process. Specifically, we

®https://digitalpublicgoods.net/

https://sdgs.un.org/goals

8https://github.com/git-guides/git-commit
%https://docs.github.com/en/pull-requests/committing-changes-to-your-project/creating-and-editing-commits/about-
commits

Ohttps://docs.github.com/en/rest?apiVersion=2022-11-28
https://docs.github.com/en/rest/activity/events?apiVersion=2022-11-28
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Fig. 1. Data Collection Process. Starting with 210 seed projects, the process results in a comprehensive dataset
containing contributors’ complete historical commits and demographic details.

used WoC to extract contributors associated with seed projects, along with their historical commit
records. These commit records include details such as the commit SHA, timestamp, timezone,
author, and the repository to which the commit is associated.

3.1.4 Data Collection. The data collection process, as outlined in Fig. 1, consists of two phases.

In Phase 1, we collected a total of 210 GitHub repositories as seed projects. These included 70
OSS4SG projects, 70 general OSS projects matched by contributor number, and 70 general OSS
projects matched by codebase size.

In Phase 2, we began by using WoC to collect all contributors from the 210 seed projects, along
with their complete historical commit records on GitHub. This dataset encompasses their commit
activity not only in the seed projects but also across all other GitHub projects they have contributed
to. Specifically, the collected data includes, for each commit: the commit SHA, timestamp, timezone,
author, and the corresponding project associated with the commit. For each newly included project
in this phase, we first employed GPT-4.0 for preliminary classification,'? then conducted manual
verification to assess whether the project should be classified as OSS4SG or general OSS. This
process is further detailed in Sec. 3.2.2.

Moreover, since WoC does not provide demographic information about contributors, we supple-
mented the data by querying the GitHub API to retrieve additional details, including user type,
region, and name publicly displayed on their GitHub profiles. Specifically, the process began by
using the WoC user index (which consists of combined names and email addresses) to identify the
public commits associated with each contributor through their email addresses. From these commits,
we extracted the corresponding GitHub logins, which served as identifiers to access supplementary
profile data via the GitHub API. To infer the likely gender of contributors, we used Namsor, a
tool that predicts gender based on an individual’s first name and the cultural origin of their last
name.'* Namsor has been recognized as one of the most accurate name-based gender inference
methods in prior evaluations [51, 52]. Consequently, in this phase, we constructed two datasets:
one comprising contributors’ commit histories and another containing their profile information.
These were subsequently merged to produce a final dataset with 11 attributes: WoC user index
(i.e., author of this commit), commit SHA, associated project, project type (i.e., OSS4SG or general
0SS), commit time, timezone, user’s GitHub login, name, region, user type, and inferred gender. To

2https://openai.com/index/gpt-4/
Bhttps://gender-guesser.com/
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ensure privacy, the demographic information has been anonymized and stored securely. All data
were collected as of May 2023.

3.2 Data Processing and Analysis

3.2.1 Data Processing and Validation. The final dataset consists of 11 attributes, which encompass
the WoC user index, commit SHA, associated projects, and other relevant fields as detailed in the
previous section. To ensure the reliability of our findings and address potential noise in the raw
data, we implemented a comprehensive data cleaning process. We first excluded ghost users, whose
GitHub login could not be retrieved via the GitHub APL' The first author manually confirmed
that these contributors were indeed ghost users and no longer active on GitHub. These accounts
represent 1.51% of the contributors collected in this phase. We also excluded contributors whose
user types were Bots, Enterprises, or Organizations on GitHub, as they typically do not represent
individual human contributors.'®

To mitigate the influence of trivial projects such as toy examples or academic assignments,
which generally do not reflect substantial software development efforts and could potentially
distort the dataset, we implemented a two-stage filtering process. First, we identified and excluded
homework projects by analyzing repository names and README file descriptions. Subsequently,
adhering to established practices [25], we removed toy projects containing fewer than 100 commits.
Additionally, to ensure temporal consistency across all records, we converted local timestamps
to UTC using the time zone information provided in the WoC dataset. After implementing these
filtering and standardization procedures, our final dataset consisted of 5,860 distinct contributors
and 101,339 projects they have engaged in, totaling 2,276,926 valid commit records.

Among these contributors, 2,757 had valid region data, which we manually standardized as
continents. The geographic distribution included 816 contributors from Asia, 1,082 from Europe,
659 from North America, 63 from Africa, 82 from South America, 54 from Oceania, and one from
Antarctica. For contributors with publicly available name and region data, we inferred their likely
gender using Namsor, which provides a confidence score indicating the reliability of its gender
prediction. Consistent with the methodology employed in prior research [47], we excluded gender
prediction with a confidence score below 0.7 to ensure reliability. After applying this threshold, we
identified 211 women and 2,032 men.

3.2.2 0S54S5G Annotation. As mentioned in Sec. 3.1.4, in Phase 2, we collected the complete
commiit history of contributors, including the corresponding projects associated with each commit.
Each newly identified project was classified as either OSS4SG or general OSS through a two-step
process: automated GPT-4.0 classification followed by manual verification. Specifically, we used the
GitHub API to retrieve project descriptions, which were then analyzed by GPT-4.0 to determine
whether they aligned with any of the SDGs. Projects matching these criteria were labeled as
0SS4SG. To ensure classification accuracy, all projects initially identified as OSS4SG underwent
manual verification by two authors to confirm their social good orientation. For projects classified
as general OSS by GPT-4.0, we performed quality control by having the first author manually
examine a random sample of 2,000 projects. This manual examination revealed that the automated
classification achieved an accuracy rate of 95.3%. In addition, two authors manually reviewed and
labeled projects that lacked GitHub descriptions. Through this process, we identified 1,672 OSS4SG
projects (52.2% associated with contributors from the 70 seeded OSS4SG projects and 47.8% from
the matched OSS seed projects) and 99,667 general OSS projects within the final dataset.

https://github.com/ghost
BShttps://docs.github.com/en/get-started/learning-about-github/types-of-github-accounts
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3.2.3 Data Analysis. We detailed the methods used to analyze the data for each research question.
The finalized dataset comprises multiple attributes, including commit SHA, associated project, and
project type. Accordingly, a commit is classified as an OSS4SG contribution when it is sourced from
a OSS4SG project.

RQ1: Of the 5,860 contributors in the final dataset, 75 exclusively contributed to OSS4SG projects,
974 participated in both general OSS and OSS4SG projects, while 4,811 were active only in general
OSS projects throughout their GitHub activity. To investigate differences in contribution patterns
between OSS4SG and general OSS, we focused our analysis on the 974 contributors who have
engaged in both types of projects. For an initial assessment of how contribution intensity varies
between OSS and OSS4SG, we compared each contributor’s average number of projects and commits
in OSS4SG to their corresponding averages in general OSS. We then investigated whether their
contributions are temporally clustered or evenly distributed across their contribution lifespan. To
quantify this behavior, we used the regularity metric (R), defined as:

o—p
o+

where ¢ and p represent the standard deviation and mean of inter-commit times, respectively.
Inter-commit time refers to the number of days between a contributor’s consecutive commits.
Higher values of R (R — 1) indicate irregular or sporadic contribution frequency, whereas lower
values (R — —1) suggest more regular and consistent contribution. Lastly, we measured contribu-
tors’ active durations in both general OSS and OSS4SG projects by calculating the days between
their first and last recorded commit for each project. To control for differences in project age, we
normalized these durations by the project’s total lifespan in days.

RQ2: To evaluate whether contributing to OSS4SG projects influences contributors’ future activity
on GitHub in general, we analyzed the complete cohort of 5,860 contributors. We began by examin-
ing whether the type of project (OSS4SG or general OSS) to which a contributor made their first
contribution affected their subsequent contribution. We categorized contributors into two groups:
0SS4SG starters (those whose first recorded contribution was to an OSS4SG project) and OSS
starters (those whose first contribution was to a general OSS project). For both groups, we measured
participation levels through average project participation and commit contribution. Moreover, we
conducted a targeted analysis of 1,049 contributors with prior OSS4SG participation, which included
225 OSS4SG starters and 824 OSS starters. This analysis aimed to determine whether their initial
contribution type influenced their future OSS4SG contributions. Specifically, we assessed their
0SS4SG contribution by determining what percentage of their total projects and commits were
dedicated to OSS4SG. Furthermore, we examined how these proportions changed over annual,
monthly, and weekly periods following their first contribution.

We further investigated whether OSS4SG contribution promotes continued engagement within

0SS4SG, independent of contributors’ entry point. Using the same cohort of 1,049 contributors, we
identified each person’s first OSS4SG contribution year and grouped contributors accordingly. This
approach allowed us to analyze how the proportion of OSS4SG commits per contributor evolved
within each cohort.
RQ3: We investigated the influence of profiles (i.e., region and gender) on contribution to OSS4SG.
Within our dataset, 2,757 contributors had publicly available and valid region information, and 2,243
had reliable gender data. Projects were associated with the regions and genders of their contributors,
meaning that a single project could be linked to multiple regions and genders depending on the
diversity of its contributor base. The same approach was applied to commits, with each commit
uniquely associated with the region and gender of the contributor who made it.

Proc. ACM Hum.-Comput. Interact., Vol. 10, No. 2, Article CSCW010. Publication date: April 2026.
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First, we examined the regions and genders from which contributors were more likely to begin
their open-source journey with OSS4SG. This was assessed by calculating the percentage of 0SS4SG
starters within each gender and region group. Next, to assess the potential impact of gender and
region on contributions to OSS4SG, we analyzed the percentage of contributors from each gender
and regional group who have participated in OSS4SG projects throughout their contribution history.
Furthermore, we calculated the total proportion of OSS4SG projects and commits across gender
and regional groups to assess overall contributions from a broader perspective. For more detailed
insights, we analyzed the mean percentage of OSS4SG projects and commits per contributor within
each group.

3.24 Statistical Analysis. We validated non-normally distributed data from independent samples
using the Mann-Whitney U test, a non-parametric statistical method suitable for comparing group
differences [38]. For non-normally distributed data within the same group, we employed the
Wilcoxon signed-rank test [59]. To summarize central tendency, we reported both the mean to reflect
average contribution levels and the median to provide a more robust measure of typical behavior in
the presence of skewed data or outliers, along with the standard deviation to capture the degree of
variability in contribution patterns. For instance, in RQ1, we employed the Wilcoxon signed-rank
test to assess whether the same group of contributors exhibited significantly higher contribution
intensity to general OSS compared to OSS4SG projects throughout their entire contribution history,
given the non-normal distribution of the data. In RQ2, we used the Mann-Whitney U test to
compare contribution differences between OSS starters and OSS4SG starters.

Moreover, to assess whether differences exist across multiple groups (e.g., by region), we con-
ducted chi-square tests [17]. Upon finding a significant association, we performed post hoc analysis
using pairwise proportion z-tests or Mann-Whitney U tests with Bonferroni correction to account
for multiple hypothesis testing [4]. For example, in RQ3, we examined whether the proportion
of contributors who had previously participated in OSS4SG projects varied significantly across
regions using a chi-square test. We then performed pairwise proportion z-tests with Bonferroni
correction to determine whether the proportion of OSS4SG contribution from one region was
significantly higher than that of another.

Furthermore, for RQ2, we used logistic mixed-effects regression to examine whether contributors
sustain their OSS4SG activity over time. We model the probability that a contribution is to an
0SS4SG project as a function of the elapsed time (in years) since the contributor’s first OSS4SG
commit, using a generalized linear mixed-effects model with a logit link. The model includes random
intercepts for contributors and projects to account for repeated observations and the cross-classified
structure of the data. In this specification, the fixed-effect coefficient for elapsed time captures the
change in the log-odds (and corresponding odds ratio) that a contribution is to OSS4SG for each
additional year since the first OSS4SG commit. We estimate the model via maximum likelihood
and summarize uncertainty using standard errors, Wald z-statistics, and p-values. As a robustness
check, we also fit a Bayesian logistic mixed-effects model on a stratified subset of the data and
report posterior odds ratios with 95% credible intervals.

4 Results

We begin by analyzing differences in contribution patterns between OSS4SG and general OSS
projects among contributors who have participated in both. We then assess the long-term impact
of contributing to OSS4SG on continued participation in open source, both broadly and within
0SS4SG specifically. Finally, we examine how distinct contributor profiles correspond to different
patterns of OSS4SG participation and contribution.
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4.1 RQ1: How do contribution patterns differ between OSS4SG and general OSS?

We analyzed the commit histories of 974 contributors who have contributed to both general OSS
and OSS4SG projects on GitHub to investigate differences in their contribution patterns. We aim
to assess whether contributors exhibit similar levels of sustained contribution to OSS4SG as to
general OSS.

4.1.1 General Contribution Patterns in OS54SG and OSS. We first examined the overall partici-
pation and contribution levels of contributors to OSS4SG compared to general OSS projects. We
found that contributors generally exhibited lower participation and contribution intensity in OSS4SG
compared to general OSS. Specifically, on average, they participated in significantly more general
OSS than OSS4SG projects throughout their contribution history (p < 0.001), with a mean of
59.0 general OSS projects (median = 11.0) compared to 2.6 OSS4SG projects (median = 1.0) per
contributor. Consequently, across their entire contribution history, contributors made significantly
more commits to general OSS projects than to OSS4SG projects (p < 0.001), with an average of 861.9
commits per person (median = 128.5) in general OSS compared to only 64.1 commits on average
(median = 6.0) in OSS4SG. This pattern remained even after being normalized by the number of
projects. When examining the average number of commits per project per contributor, we still
found that they generally contribute more to general OSS projects, averaging 23.4 commits per
project (median = 9.4), compared to 24.3 commits per OSS4SG project (median = 4.0). Although the
mean was slightly higher for OSS4SG, the higher median and distribution of values indicate greater
contributor activity in general OSS overall, as confirmed by a Wilcoxon signed-rank test (p < 0.001).
These findings indicate that contributors who engage in both types of projects generally prioritize
general OSS as their main focus while treating OSS4SG as a side interest.

Building on the observation that contributors demonstrate varying levels of contribution intensity
between OSS4SG and general OSS projects, we next examined whether their contribution frequency
varies across project types. We found that contributors to OSS4SG projects tend to maintain more
regular contribution frequency, whereas contributions to general OSS projects are more clustered in short
bursts. To characterize contribution frequency, we employed the regularity metric (R) as defined
in Sec. 3.2, where higher values (R — 1) indicate more irregular contributions and lower values
(R — —1) signify more regular contribution patterns. Our analysis reveals that among contributors
who participated in both types of projects, the mean regularity for OSS4SG contributions was
0.44 (median = 0.47), while general OSS contributions showed a mean regularity of 0.57 (median =
0.60), as shown in Table 1. This difference was statistically significant, as confirmed by a Wilcoxon
signed-rank test (p < 0.001). The more regular but less intensive contributions to OSS4SG projects
may indicate that contributors may be driven by sustained, mission-oriented motivations, such as
a desire for social impact or a sense of civic responsibility, which foster regular engagement over
time.

Table 1. Comparison of per-contributor participation and commit contribution in general OSS vs. 0SS4SG (N
= 974). The differences are statistically significant, confirmed by the Wilcoxon signed-rank tests.

Metri 0SS 0S884SG
etric

Mean Median ~ SD  Mean Median  SD
Average Projects Participated 59.0 11.0 424.9 2.6 1.0 5.8

Average Commits Contributed 861.9  128.5 3452.6 64.1 6.0 239.0
Average Commits per Project 234 9.4 43.8 243 4.0 67.8
Commit Regularity (R) 0.57 0.60 0.21 0.44 0.47 0.22
Normalized Active Duration 0.06 0.01 0.12  0.05 0.00 0.09

Note: All differences are significant at p < 0.001.
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Average Monthly Contributions by Contributors Over Relative Time for OSS and 0SS4SG
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Fig. 2. The average number of OSS4SG commit contributions made by contributors monthly. The x-axis
indicates elapsed months since their first open-source commit contribution (e.g., 25: 25t months after first

commit contribution).

4.1.2  Long-term Contributions in OSS and OSS54SG. Building on our understanding of contributors’
overall activity across their contribution lifespan, we next analyze how their engagement in OSS4SG
evolves compared to general OSS. We found a clear decline in contributions across both types of
projects as time elapsed. As shown in Fig. 2, contributors generally exhibit a decline in contributions
over time to both OSS and OSS4SG projects, though the trajectories differ. They tend to contribute
more actively to general OSS projects at the outset, with noticeable fluctuations marked by several
peaks and dips, before gradually declining to minimal levels. In comparison, their contributions
to OSS4SG decrease more steadily, reaching low levels more rapidly with less variability. This
pattern persists consistently across multiple temporal scales (e.g., yearly and weekly). The more
rapid decrease in OSS4SG contributions raises concerns about the long-term sustainability of these
projects and highlights the need for targeted interventions to maintain continued contributions.

To better understand the decline in contributions, we examined the durations of contributor
activity, comparing how long they remained active in general OSS compared to OSS4SG. We found
that contributors tend to have significantly shorter active durations in OSS45G projects. As detailed
in Sec. 3.2.3, we defined a contributor’s active duration as the number of days between their first
and last recorded contributions, normalized by the corresponding project’s lifespan (in days). On
average, contributors maintained activity in general OSS projects for a normalized duration of
0.06 (median = 0.01), whereas when contributing to OSS4SG projects, they remained active for
a shorter duration of 0.05 (median = 0.00), as presented in Table 1. A Wilcoxon signed-rank test
confirmed this difference to be statistically significant (p < 0.001). These further suggest that
0SS4SG may face greater sustainability challenges, potentially due to constraints such as limited
funding, organizational support, or community infrastructure when compared to general OSS
projects.

Contributors engaged in both OSS and OSS4SG projects show consistently lower levels of
participation and contribution intensity in OSS4SG compared to general OSS throughout their
contribution lifespan. While their OSS4SG activity tends to follow a more regular contribution
frequency, it declines more rapidly and stabilizes at lower levels than their general OSS activity.
Moreover, these contributors maintain significantly shorter active durations in OSS4SG relative
to their engagement in OSS.
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4.2 RQ2: Does contributing to OSS4SG have a sustained influence on contributors’
future participation in OSS4SG?

We examined whether initiating open-source contributions through OSS4SG affects contributors’
broader open-source contribution patterns, as well as their specific engagement with OSS4SG.
Furthermore, we explored how initial contributions to OSS4SG influence long-term engagement,
aiming to identify the factors that may promote sustained contributions to OSS4SG projects.

4.2.1 Impact of First Contribution Type on Subsequent Contributions. Among all 5,860 contributors
collected, 225 started open-source contributions through OSS4SG (OSS4SG starters), while 5,635
began with general OSS (OSS starters). We first explored how general contribution patterns differ
between these two groups. We found that although OSS4SG starters participate in fewer projects
and make fewer total commits overall, statistical tests indicate that their per-project contribution
intensity is comparable to that of OSS starters. On average, OSS starters contributed to 21.6 projects
(median = 6.0) and made 414.7 commits on average (median = 35.0) per person across their entire
contribution lifespan (p < 0.001), whereas OSS4SG starters participated in an average of 7.0 projects
(median = 3.0) and made 165.2 commits on average (median = 18.0). The differences in both project
participation and total commits between the two groups are statistically significant (p < 0.001).
However, when examining the average number of commits made by each contributor to each
project, we found no significant difference between the two groups (p = 0.143) and both OSS
starters and OSS4SG starters demonstrate comparable contribution intensity for each project they
have contributed to. Specifically, OSS4SG starters made an average of 20.1 commits per project
(median = 6.0), while OSS starters averaged 15.3 commits per project (median = 4.9).

To further analyze contribution patterns within OSS4SG, we examined whether OSS4SG starters
maintained a higher level of sustained contribution to OSS4SG projects compared to OSS starters.
Given the variation in total commit numbers and project participation among contributors, we
employed a relative metric: the percentage of a contributor’s activity devoted to OSS4SG, calculated
as the proportion of OSS4SG contributions relative to their total contributions. To account for the
fact that many general OSS starters never contributed to OSS4SG projects, our analysis focused
specifically on contributors with at least one OSS4SG contribution (n = 1,049), consisting of 225
0SS4SG starters and 824 general OSS starters, as shown in Table 2. We found that OSS45G starters
demonstrate a stronger overall tendency to engage with OSS4SG than general OSS starters across their
entire contribution lifespan. On average, OSS4SG starters maintain 58.4% participation in OSS4SG
projects (median = 50.0%) over their lifespan, compared to only 16.4% (median = 11.1%) for general
OSS starters. This pattern is similarly reflected in their percentage of OSS4SG commit contributions,
with OSS4SG starters contributing 64.2% (median = 73.2%) of their commits to OSS4SG projects,
significantly higher than the 16.0% (median = 5.7%) for general OSS starters. The Mann-Whitney U
test confirmed that these differences in both OSS4SG project participation and commit contributions
between the two groups were statistically significant (p < 0.001).

To explore whether starting in OSS4SG alone explains this tendency, we classified contributors
into four trajectories as shown in Table 3: Only-OSS4SG, who start and remain in OSS4SG; Start-
SG—O0SS, who start in OSS4SG and later expand to general OSS; Start-OSS—O0SS4SG, who start in
OSS and later expand to OSS4SG; and Only-OSS, who start and remain in general OSS. We found
that contributors who continue to invest substantially in OS54SG are predominantly those who start
in OSS4SG and later expand into broader OSS, not those who remain only in OS54SG or arrive there
after starting in general OSS. Specifically, contributors who start in OSS4SG and later expand into
OSS work on significantly more projects on average than Only-OSS4SG contributors (9.4 vs. 1.4,
p < 0.001) and make substantially more commits overall (233.7 vs. 10.8, p < 0.001), while retaining
sizable shares of their activity in OSS4SG (38.4% of projects and 46.7% of commits). They also exhibit
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Monthly Percentage Change in 0SS4SG Contributions per Contributor: OSS Starters vs. 0SS4SG Starters
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Fig. 3. Evolution of contributors’ OSS4SG commit percentages over their contributing careers. The x-axis
shows elapsed months since each contributor’s first open-source contribution (e.g., 20 = the 20t" month).

high per-project intensity (27.2 commits per project), comparable to those who start in OSS and
later expand to OSS4SG (24.3 commits per project). By contrast, contributors who start in OSS and
later expand to OSS4SG devote a smaller fraction of their activity to OSS4SG (18.6% of projects and
18.2% of commits), and contributors who only remain in OSS4SG show low overall activity despite
their exclusive focus on social good projects. These suggest that OSS4SG sustainability depends on
broader OSS trajectories in which social-good projects remain a substantial part of contributors’
OSS participation.

Building on this, we next examine how contributions to OSS4SG evolve for both OSS and OSS4SG
starters. We found that OSS4SG starters’ participation declines more rapidly, and they tend to leave
earlier than OSS starters. Specifically, OSS4SG starters begin by devoting a substantial share of their
activity to OSS4SG projects, but this commitment decreases quickly and often ends prematurely. In
contrast, general OSS starters maintain consistently low levels of OSS4SG contributions, which
gradually decrease over time yet persist for a longer duration as shown in Fig. 3. A similar trend is
observed in the percentage of OSS4SG projects involved. These findings suggest that while OSS4SG
starters may have an initial willingness to engage in OSS4SG, they are not effectively retained
within these projects. Similarly, OSS starters rarely shift a greater share of their future contributions
toward OSS4SG.

Taken together, these results highlight a sustainability challenge for OSS4SG: the contributors
who are both highly active and continue to engage meaningfully with OSS4SG are primarily those
who start in OSS4SG and later expand into broader OSS, rather than those confined to OSS4SG or
those who add OSS4SG after starting in general OSS. At the same time, OSS4SG starters as a group
show faster declines in OSS4SG participation and leave earlier than OSS starters. However, given
that OSS4SG starters account for only 21.5% of contributors who have contributed to OSS4SG, we
further examined whether an initial contribution to OSS4SG, regardless of a contributor’s starting
point (i.e., OSS or OSS4SG), encourages continued engagement in social good projects.

4.2.2  Impact of 0S545G Contribution on Subsequent Activity. We then examined whether contribu-
tors are more likely to continue contributing to OSS4SG projects after their first OSS4SG contribution;
however, we found no evidence to support this hypothesis. Specifically, we modeled the probability that
a contribution is to an OSS4SG project as a function of the years elapsed since the contributor’s first
0SS4SG commit, using a logistic mixed-effects regression with random effects for contributors and
projects. Immediately after the first OSS4SG commit, the predicted probability that a subsequent
contribution is to an OSS4SG project is about 35%, indicating a meaningful level of short-term
engagement. However, this probability declines with each additional year (z = —14.2, p < 0.001). A
Bayesian logistic mixed-effects model fitted on a stratified subset yields a similar pattern, with a
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Table 2. Comparison of OSS and OSS4SG participation and commit contributions between OSS4SG starters
and general OSS starters, normalized per contributor.

Metric 0SS$4SG Starters (N = 225)  General OSS Starters (N = 5,635)
Mean Median SD Mean Median SD

Average Projects Participated* 7.0 3.0 10.9 21.6 6.0 181.4
Average Commits Contributed” 165.2 18.0 413.7 414.7 35.0 4649.7
Average Commits Contributed Per Project 20.1 6.0 46.1 15.3 4.9 47.1
Metric 0SS4SG Starters (N = 225) General OSS Starters (N = 824)

Mean (%) Median (%) SD (%) Mean (%) Median (%) SD (%)
Percentage of OSS4SG Projects Participated® 58.4 50.0 335 16.4 11.1 15.3
Percentage of OSS4SG Commits Contributed* 64.2 73.2 35.6 16.0 5.7 21.4
*p <0.001

Table 3. Comparison of participation metrics by contributor trajectory. Pairwise Mann-Whitney U tests
with Benjamini-Hochberg correction show all group differences are significant (p < .001), except commits
per project between the two expansion trajectories and projects participated between Start-SG—OSS and
Only-OSS.

Metric Only-OSS4SG ~ Start-SG — OSS ~ Start-OSS — OSS4SG ~ Only-OSS
Average Projects Participated 1.4 9.4 39.5 12.1
Average Commits Contributed 10.8 2337 727.3 211.8
Average Commits Contributed Per Project 8.1 27.2 243 13.2
Percentage of OSS4SG Projects Participated 100.0 38.4 18.6 0.0
Percentage of 0SS4SG Commits Contributed 100.0 46.7 18.2 0.0

Note. Only-OSS4SG: contributors who start and only remain in OSS4SG; Start-SG—OSS: start in OSS4SG and
later expand to general OSS; Start-OSS—OSS4SG: start in general OSS and later expand to OSS4SG; Only-OSS:
start and only remain in general OSS.

posterior mean odds ratio of 0.70 per additional year (95% CI: 0.65-0.76), implying roughly a 30%
reduction in the odds of an OSS4SG contribution per year. The downward trend remains statistically
significant after accounting for differences across contributors and projects via random effects,
although there is substantial heterogeneity, suggesting that other factors likely drive variation
in sustained engagement. These results indicate that OSS4SG does not become more central to
contributors’ portfolios; instead, its share of their contributions declines over time. External or
individual factors influencing continued contribution therefore merit further investigation.

While OSS4SG starters demonstrate a stronger overall tendency to contribute to OSS4SG
throughout their contribution lifespan and devote a larger share of their activity to social
good projects, we find no evidence that the entry point (i.e., starting with OSS or OSS4SG) or
contributing to OSS4SG necessarily leads to sustained engagement with these projects over
time.

4.3 RQ3: How Do Different Contributor Profiles Influence Their Contribution Patterns
in OSS4SG Compared to General OSS?

We examined how contributors’ profiles influence their contribution patterns in OSS4SG to identify
issues related to equity, accessibility, and representation in the sustainability of OSS4SG. However,
due to limited demographic data, with valid region information for 2,757 contributors and gender
information for 2,243, our analysis is restricted to these respective subsets.

4.3.1 Region Impact on First Contribution Type. Region bias is a known factor in OSS contributions,
potentially affecting the acceptance of contributions on GitHub [48, 50]. However, it remains
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unclear whether the region is also a factor associated with contributors’ participation in OSS4SG.
We began by exploring the types of projects with which contributors from various regions are more
likely to start. We found that contributors from developing regions, such as Africa and South America,
are more inclined to begin their open-source contribution with OSS45G, compared to those from more
developed regions like North America and Europe. Specifically, Africa has the highest percentage
of OSS4SG starters (9.5%), followed by South America (4.8%) and Asia (4.0%), as summarized in
Table 4. A chi-square test confirmed the proportion of OSS4SG starters differs significantly across
continents (p = 0.024). Subsequent pairwise z-tests with Bonferroni correction revealed that the
higher proportion of OSS4SG starters in Africa is statistically significant compared to all other
continents, except for South America. Additionally, the z-tests confirmed that South America’s
proportion is significantly higher than that of the remaining four continents. No statistically
significant differences were observed among the other four continents. However, since the number
of OSS4SG starters is small, these tests may be unstable; we therefore re-examined the association
using a logistic regression with continent as a categorical predictor and a Bayesian logistic model
with continent-level partial pooling. Both models replicated the pattern that African and South
American contributors are more likely to start in OSS4SG than those from Europe and North
America, with the Bayesian model stabilizing estimates for sparsely sampled regions. This suggests
that regional factors, such as social needs or local challenges, may drive early participation in social
good projects. Next, we investigated whether contributors from developing regions continue to
maintain a higher level of participation in OSS4SG across their entire contribution lifespan.

Table 4. Percentage (%) distribution across continents. A statistically significant difference was observed
between Africa and other continents across each metric. We bolded the highest value for each measurement.

Measurements Africa Asia Europe N.America Oceania S.America
Percentage of Contributors Starting with OSS4SG 9.5 4.0 25 3.6 0.0 4.8
Percentage of Contributors Who Have Contributed to OSS4SG 47.6 225 14.4 21.7 11.1 244
Overall Percentage of OSS4SG Projects Contributed to by Region 7.4 1.7 1.4 2.7 0.5 2.1
Average Percentage of OSS4SG Projects per Contributors 10.5 5.7 3.1 5.5 0.7 6.4
Overall Percentage of 0SS4SG Commits Contributed to by Region | 14.5 3.4 3.2 3.0 0.1 1.5
Average Percentage of 0SS4SG Commits per Contributors 13.7 5.9 3.6 5.6 0.3 6.3

4.3.2  Region Impact on Contribution Patterns. When examining regional participation with OSS4SG,
we found that contributors from Africa exhibit a significantly higher propensity to participate in OSS45G
compared to those from other regions. Specifically, Africa has the highest proportion of contributors
with prior OSS4SG contributions (47.6%), followed by South America (24.4%) and Asia (22.5%). A
chi-square test confirmed that a significant difference exists across the groups (p < 0.001). Paired
z-tests further substantiate that the proportion of OSS4SG contributors in Africa is significantly
higher than that of any other continent.

Moreover, at a broader scale, the overall proportions of OSS4SG projects and commits in each
region further reinforce this observed pattern. Africa leads in the proportion of OSS4SG projects
among all OSS projects contributed by the region, at 7.4%, followed by South America (2.7%) and Asia
(2.1%). Likewise, the percentage of OSS4SG commit contribution is also highest in Africa (14.5%),
ahead of Asia (3.4%) and Europe (3.2%). The statistical significance of Africa’s elevated OSS4SG
project participation and contribution rates is confirmed by both paired z-test and chi-square tests
(p < 0.001).

To investigate this trend further, we conducted a contributor-level analysis examining the
proportion of OSS4SG project participation and commit contributions per contributor, disaggregated
by continent. From this finer-grained perspective, African contributors again show the highest
likelihood of participation. On average, contributors from Africa participate in OSS4SG projects
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at a rate of 10.5%, followed by South America (6.4%) and Asia (5.7%). A similar trend is observed
in commit contributions, where African contributors exhibit the highest average percentage of
0SS4SG commits, accounting for 13.7% of their total commits followed by South American (6.3%)
and Asian contributors (5.9%). The differences are statistically significant, as confirmed by pairwise
Mann-Whitney U tests with Bonferroni correction for multiple comparisons (p < 0.001). Details of
these findings are presented in Table 4. Thus, while the absolute number of contributions remains
highest in more developed regions such as North America, contributors from developing regions
are more likely to engage in OSS4SG and maintain a higher level of contribution throughout their
contribution lifespan on GitHub.

4.3.3  Gender Impact on First Contribution Type. Gender is another common factor often considered
when examining activity in OSS. Prior research has highlighted the presence of gender bias on
GitHub, as well as gender-based disparities in contribution behaviors and outcomes within OSS
communities [18, 44, 53]. Therefore, we investigated how gender relates to the types of projects
contributors are more likely to join initially. We found that women are significantly more likely
to start their open-source contributions with OS54SG. Specifically, 6.2% of women made their first
open-source contribution to OSS4SG projects, compared to 3.3% of men, with the difference being
statistically significant (p =0.037). This may suggest a potential gender-based preference in initial
project selection. We next examined whether this trend persists throughout their entire contribution
life cycle.

Table 5. Percentage (%) distribution across genders. * indicates statistically significant differences between
genders. We bolded the highest value for each measurement.

Measurements Men Women
Percentage of Contributors Starting with OSS4SG 3.3% 6.2*
Percentage of Contributors Who Have Contributed to OSS4SG 18.3*  28.9*
Overall Percentage of OSS4SG Projects Contributed to by Gender | 1.7* 2.9*
Average Percentage of OSS4SG Projects per Contributors 4.4% 8.9"
Overall Percentage of 0SS4SG Commits Contributed to by Gender | 3.8* 2.7*
Average Percentage of 0SS4SG Commits per Contributors 4.7" 9.7

4.3.4 Gender Impact on Contribution Patterns. When examining how contributors of different
genders participate in and contribute to OSS4SG throughout their contribution lifespan, we found
that women demonstrate a significantly stronger tendency to both participate in and contribute to
OS54SG. Specifically, the percentage of women who have contributed to OSS4SG is significantly
higher than that of men, as confirmed by a z-test (28.9% vs. 18.3%, p <0.001).

From a broader perspective, when analyzing the proportion of OSS4SG projects among all
OSS projects contributed to by each gender, women demonstrate a significantly higher rate of
participation than men (2.9% vs. 1.7%, p < 0.001). However, when examining contributions, the
overall percentage of commits made to OSS4SG projects is significantly higher among men than
among women (3.8% vs. 2.7%, p < 0.001). To gain a more granular understanding, we further
examined the percentage of OSS4SG projects and commits per contributor, disaggregated by gender.
On average, women exhibit greater engagement with OSS4SG projects. Specifically, the average
percentage of OSS4SG projects per men is 4.4%, whereas it is 8.9% for women, a statistically
significant difference confirmed by the Mann-Whitney U test (p < 0.001). Similarly, women
contribute a significantly higher proportion of OSS4SG commits per person compared to men (9.7%
vs. 4.7%, p < 0.001). Results are summarized in Table 5. Despite these relative differences, men
still make more absolute contributions to OSS4SG projects. This disparity can be explained by two
factors: men’s generally higher levels of activity on GitHub and their larger overall presence on the
platform. Taken together, these findings suggest that although women contribute less in absolute
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terms, they demonstrate a comparatively stronger inclination to engage with and contribute to
0SS54SG projects.

Contributors from developing regions, especially Africa, more often start and make contributions
to OSS4SG, despite contributing less in absolute numbers than those from developed regions.
Furthermore, women are more likely than men to begin their open-source journey with OSS4SG
projects, and they tend to dedicate a higher proportion of their commits to these projects.

5 Threats to Validity
5.1 Internal

We began by collecting 70 OSS4SG projects from DPGA and randomly sampling 140 general OSS
projects. Although we followed prior work by constructing comparable OSS baselines and verifying
that observable characteristics were reasonably aligned, we acknowledge that more sophisticated
matching (e.g., propensity-score matching on richer project-level covariates) would provide a more
rigorous basis for comparison. Moreover, this seed sample may still represent only a subset of
the broader OSS ecosystem. To mitigate this limitation, we used these 210 repositories solely as
seed projects to identify contributors and then expanded our dataset to include all projects they
contributed to, yielding 1,672 OSS4SG projects and 99,667 general OSS projects that better reflect
the natural imbalance between OSS4SG and general OSS and provide broader coverage of the OSS
ecosystem.

Moreover, given that our final dataset encompasses over 100,000 projects, including both OSS and
0SS4SG projects, ensuring complete comparability across all projects (e.g., in terms of codebase size,
domain, and number of contributors, etc) presents a significant challenge. This inherent variability
may introduce concerns when comparing contributor behavior between OSS and OSS4SG projects.
However, our goal is to capture contribution patterns within real-world open source ecosystems,
where OSS and OSS4SG projects actually differ significantly in characteristics and scale. While this
variation poses a limitation, it reflects the inherent diversity of the ecosystems we are studying. The
broad scope of our dataset further mitigates the risk that our findings are influenced by a narrow or
unrepresentative subset of projects, ensuring a more comprehensive and reliable understanding of
contributor behavior. Nonetheless, we acknowledge that these differences could still influence their
behavior. Furthermore, our longitudinal analyses are based on contributor histories observed within
a finite time window, and OSS4SG projects may generally be younger than the comparison projects.
As aresult, estimates for contributors with longer contribution histories are supported by relatively
few individuals and are best viewed as descriptive patterns rather than fully censoring-aware
estimates (as shown in Sec. 4.2); more formal survival or event-history models would be a valuable
extension. We therefore interpret our findings with this context in mind, recognizing the potential
impact of ecosystem differences and censoring on the results.

In addition, our final dataset comprises 5,860 valid contributors. However, this sample may
not fully capture the broader GitHub contributor population, as only approximately half of these
contributors have publicly accessible profile information. As a result, our demographic findings
should be interpreted as characterizing contributors with sufficiently complete public profiles and
may underrepresent groups whose privacy preferences or profile-disclosure practices differ. This
limitation may constrain the generalizability of our demographic-related analysis.

5.2 External

In Phase 2 of data collection, we collected the complete historical commits of all contributors,
including the projects associated with these commits. For the newly included projects, we classified
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them as either OSS4SG or general OSS projects using a hybrid approach that combined GPT-
4.0-assisted classification with manual verification. However, we recognized the potential for
misclassification by GPT-4.0, which may have led to some OSS4SG projects being incorrectly labeled
as general OSS projects, and vice versa. To mitigate this risk, two authors manually reviewed all
projects initially classified as OSS4SG to filter out the false positive classification. Furthermore,
to assess the accuracy of GPT-4.0’s classifications for general OSS projects, one author manually
examined a random sample of 2,000 such repositories to confirm that they were not mistakenly
labeled and did not meet the criteria for OSS4SG. This manual verification yielded an estimated
classification accuracy of 95.3%.

Moreover, the historical commits of contributors were sourced from the third-party WoC database,
resulting in a total of over 2.2 million commits. It is possible that tool instability during the data
retrieval process could have caused some commits to be missed, potentially contributing to minor
data omissions. However, considering the substantial number of commits collected, this limitation
is unlikely to significantly affect the overall results.

Additionally, some GitHub contributors may have provided incomplete or inaccurate personal
information, such as names or locations, which could introduce errors into the demographic
data inferred from these attributes. While we employed gender inference software that is widely
used and validated in academic research, the accuracy of such tools is inherently limited by the
quality of input data. Although we aimed to cross-validate inferred demographic information
using supplementary data sources such as social media profiles, the absence of such data for most
contributors constrained our ability to do so. As a result, there is a possibility of misclassification
in gender and regional attributes, which may affect the reliability of demographic analysis and
introduce bias into region-specific or gender-specific findings. Furthermore, gender inference
tools typically rely on name-based heuristics and often reflect binary gender classifications. These
methods may not accurately capture non-binary, transgender, or gender-diverse identities, which
presents an additional limitation to the inclusiveness and representativeness of our demographic
analysis. To mitigate these limitations, we excluded contributors with ambiguous or missing name
or region data and included only those with a gender inference confidence score above 0.7 in
gender-related analysis [47]. While this approach improves reliability, we acknowledged that some
degree of misclassification may remain.

5.3 Construct

In this study, we focused exclusively on commit activity to assess contributor participation in
0SS and OSS4SG projects. While commiits are a critical measure of software development, as
they reflect tangible updates to the codebase [30], this metric alone does not capture the full
range of contributions that shape OSS ecosystems. Other forms of activity, such as issue reporting,
pull requests, code reviews, and discussion, also play significant roles in the development of
OSS projects. By omitting these contributions, our analysis may present an incomplete picture
of the overall dynamics. We acknowledge this limitation and recommend that future research
incorporate a broader set of contribution types to provide a more comprehensive understanding of
0SS4SG dynamics. To potentially mitigate the limitation, we collected contributors’ full historical
commiits to provide a long-term view of participation that can help reveal deeper insights into
their dynamics and impact. Moreover, this approach aligns with prior research that only employed
commit frequency and volume as key indicators of contributor activity and participation in OSS
development (e.g., [31, 37]). Finally, we defined “OSS4SG starter” based on the timing of observable
commits, and it should be interpreted as early exposure to OSS4SG rather than a direct measure of
intrinsic motivation, since we cannot fully disentangle voluntary contributions from those made
within course or institutional programs.
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In addition, when analyzing their long-term commit contributions, various social events, such as
the COVID-19 pandemic, might influence their participation in OSS4SG. To mitigate this potential
confounding factor, we evaluated the proportion of contributions to OSS4SG before and after the
onset of COVID-19 and observed no significant differences. Therefore, the impact of COVID-19 on
contributors’ participation in OSS4SG appears to be minimal. However, we acknowledge that other
localized factors across different regions may also have influenced contribution patterns.

6 Discussion
6.1 Challenges to Participation and Contribution in OSS4SG

Overall, contributors’ engagement in OSS4SG remains consistently low throughout their contribu-
tion lifespan when compared to general OSS participation. Prior research suggests that developers
often encounter difficulties in identifying new OSS4SG projects to contribute to [24], which may
help explain part of the persistently limited involvement. Improving the visibility and accessibility
of OSS4SG projects is therefore important and could help attract more contributors. For example,
platforms could introduce standardized tags (e.g., #SocialGood, #CivicTech) or highlight OSS4SG
projects in onboarding flows and issue recommendation systems (e.g., “Good First Issue-Social
Good”). However, our findings show that even when contributors join OSS4SG, they exhibit lower
overall participation and shorter active periods than in general OSS. This suggests that attracting
alone is insufficient; effective strategies must also focus on retention and sustainability, ensuring
that those who enter through OSS4SG remain engaged in the long term.

Interestingly, although these contributors engage in fewer OSS4SG projects, they tend to dis-
tribute their contributions more evenly over time in OSS4SG, compared to the short bursts of
activity often seen in general OSS. One possible explanation for this pattern lies in social exchange
theory [9], which suggests that contributors may view OSS4SG as a “high-cost, high-reward”
environment. In such a context, their sustained but limited participation may reflect a rational
trade-off, where intrinsic rewards, such as social impact or ethical fulfillment, outweigh more
conventional extrinsic incentives like career advancement. However, their overall active period in
0SS4SG is shorter than in general OSS. This may be due to a decline in perceived rewards over
time, such as frustration from a lack of visible impact or emotional fatigue, which can lead to early
departure. In contrast, general OSS often offers more enduring extrinsic motivators (e.g., career
or reputation gains) that help maintain long-term participation. The relatively short windows of
activity therefore raise concerns regarding OSS4SG project continuity and contributor retention.

Building on Clary and Snyder’s functional approach to volunteer motivation [8], this pattern may
be interpreted as evidence that many OSS4SG contributions are driven by values and understanding
functions, rather than career or social functions. Contributors who are mainly values-driven may
engage regularly but only for a limited period, especially when they do not see complementary
benefits such as skill signaling, recognition, or stronger social ties. Moreover, from a communities-
of-practice perspective [32, 58], the relative lack of institutional infrastructure in many OSS4SG
communities, such as mentorship programs, clear role progression, or visible pathways from
“first-time contributor” to core member, limits contributors’ ability to move beyond peripheral
participation, further constraining long-term engagement and differentiating OSS4SG from more
established OSS communities. In this view, mentorship and structured newcomer pathways are
not just practical supports but mechanisms of legitimate peripheral participation that integrate
newcomers into the community.
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6.2 Advancing Contribution Potential in OSS4SG

To strengthen contributions to OSS4SG, educational contexts offer promising entry points. Our
findings show that contributors who begin with OSS4SG maintain a stronger tendency to engage
with OSS4SG across their contribution histories. Integrating OSS4SG into curricula can therefore
engage newcomers to open source early in their journey and channel their initial enthusiasm
toward meaningful contributions to the OSS4SG community, while simultaneously equipping
them with skills that transfer to general OSS. At the same time, prior work suggests that some
developers hesitate to contribute to OSS4SG projects due to concerns about their potentially shorter
lifespans [24], such as COVID-19-related efforts. In contrast, our analysis of seed projects indicates
that, on average, the lifespan of OSS4SG projects is comparable to that of general OSS projects, a
finding that should bolster confidence and encourage developers to contribute without assuming
that OSS4SG projects are inherently short-lived.

To support more sustained engagement and reduce early departure, OSS4SG projects should
adopt incentive strategies that align with contributors’ motivations and aspirations, not only
by recognizing meaningful contributions but also by connecting participation to personal and
professional growth, as is commonly observed in general OSS. Building on the values-driven,
episodic participation patterns identified in Sec. 6.1, Clary and Snyder’s functional approach to
volunteering [8] suggests that retention improves when opportunities simultaneously satisfy
multiple motivational functions. For OSS4SG, this implies designing contribution opportunities that
combine values (clear articulation of social impact), understanding (learning about domain issues
and technologies), career (recognizable skills, credentials, or portfolio artifacts), and social functions
(belonging to a community). In practice, scoping issues at different levels of complexity and time
commitment allows projects to speak to different motivational functions: short, self-contained
tasks can primarily satisfy values and understanding motives, whereas more complex, longitudinal
tasks can engage career and social functions by building expertise and relationships. For example,
issue descriptions can foreground both the social impact (e.g., “improves maternal health data for
rural clinics”) and the relevant technical stack, while contribution records can be made legible as
portfolio items or credentials that signal expertise to employers. Since career development is a
key motivator for many contributors on GitHub, OSS4SG organizers can further position their
projects as valuable opportunities for skill building by structuring tasks to match contributors’
career goals (e.g., tagging issues with in-demand technologies, simulating real-world workflows)
and by partnering with employers or educational programs that explicitly value socially impactful
open-source experience.

Our analysis (see Sec. 4.2) also suggests that strategies should avoid positioning OSS4SG as
separate from the broader OSS ecosystem. Contributors who start in OSS4SG but remain isolated
within it show limited productivity, whereas those who expand to general OSS maintain both
high activity levels and a substantial share of OSS4SG engagement. This suggests that OSS4SG
organizers should actively facilitate contributors’ growth into the broader OSS community through
cross-project recommendations, skill-development pathways that span OSS4SG and general OSS,
and recognition systems that value both social impact and technical contributions. Social identity
theory [23] helps explain these trajectories: contributors who begin in OSS4SG are likely to develop
an early identity as “social impact” or “civic tech” developers, which helps sustain a relatively high
proportion of OSS4SG activity even as their absolute contribution levels decline. However, when
0SS4SG communities remain loosely connected to the larger OSS ecosystem, this identity is not
reinforced by visible status, career progression, or community recognition. From a communities-
of-practice perspective [32, 58], OSS4SG projects can thus be seen as entry points into a wider
OSS practice: retention improves when contributors can deepen their participation across projects,
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acquire new roles, and have their identity as “social good developers” validated within the larger
OSS community.

6.3 Variability by Region in OSS4SG

Contributors from developing regions, such as Africa, show a higher likelihood of participating
in OSS4SG and of beginning their open-source journey with OSS4SG, yet the absolute number
of contributors from these regions remains low. This combination suggests both a meaningful
alignment with OSS4SG missions among those who do participate and persistent barriers to
entry and sustained involvement. From a social identity perspective [23], projects that address
locally salient issues (e.g., health, education, or infrastructure in under-resourced areas) may
resonate strongly with contributors’ identities and community ties, helping explain why those
who do participate are disproportionately likely to choose OSS4SG. Yet if project communication,
leadership, and recognition practices are dominated by norms and actors from more developed
regions, contributors from developing regions may not fully experience a sense of belonging or
visibility in the broader OSS4SG community.

These patterns highlight the need for targeted outreach and support efforts that both lower
structural barriers and affirm contributors’ identities in these regions. Potential interventions include
translating OSS4SG documentation and onboarding resources into local languages, establishing
region-specific recognition programs to highlight impactful contributions, and providing support
through microgrants, digital badges, or sponsored events. Platforms such as GitHub can play an
important role in facilitating these efforts by surfacing OSS4SG projects that are locally relevant and
by making regionally targeted calls for participation more visible. Extending the communities-of-
practice perspective [32, 58], such interventions can help move contributors from peripheral to more
central participation within their regional contexts by clarifying pathways into the community,
building local mentorship networks, and ensuring that contributions from developing regions are
recognized and valued rather than remaining invisible in global metrics and discussions.

Educators in developing regions can also serve as key enablers in ways that complement the global
educational strategies discussed in Sec. 6.2. By supporting students in overcoming infrastructural
and technical hurdles when contributing to OSS4SG (e.g., unreliable connectivity, limited access to
development tools), they can align coursework and capstone or graduation projects with locally
relevant social issues and regional OSS4SG initiatives. Integrating OSS4SG projects into curricula
in this way not only addresses regional social needs but also provides students who may have
fewer opportunities for internships or industry experience with concrete opportunities to build
skills, develop an identity as “social good” or “civic tech” developers in their own communities, and
begin trajectories of participation that can extend into both OSS4SG and the broader open-source
ecosystem, thereby fostering more geographically inclusive sustainability.

6.4 Variability by Gender in OSS4SG

Our findings also reveal a notable trend that women show a higher propensity to participate in
0SS4SG projects. However, despite this greater relative participation, the overall number of their
commit contributions remains lower than that of men, primarily due to the smaller number of
women on GitHub. This disparity points to an opportunity for intervention aimed at strengthening
the development and sustainability of OSS4SG. Specifically, implementing targeted initiatives on
GitHub to attract more women to open source, particularly OSS4SG, and support their sustained
and active participation. For example, given that women are more inclined to start their open-source
contributions through OSS4SG, we can use OSS4SG as an effective tool for attracting and engaging
more women in open-source development. GitHub could also spotlight the work of women in
0SS4SG through monthly showcases and actively support the formation of women-focused OSS4SG
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communities on the platform. In addition, using generative Al tools to provide contextually relevant
analysis and prompts could support the promotion of diversity. For example, a prompt might present:
"Currently, only 10% of contributors to this project identify as women. Would you like to help increase
diverse participation?" Such initiatives may not only recognize and amplify the contributions of
women but also raise awareness about gender disparities within projects and encourage broader
participation. Partnering with organizations such as AnitaB.org or other women-in-tech groups can
help position OSS4SG as an inclusive and accessible entry point for women in open source. When
engaging women, emphasizing the social impact and mission-driven goals of OSS4SG projects,
especially how they can benefit women and their communities, may be particularly compelling
and could enhance both initial interest and sustained participation.

7 Conclusion

0SS4SG, as a sub-community within the broader OSS community, has been attracting increasing
attention. Several efforts have been made to enhance the visibility of OSS4SG. However, contribu-
tors’ contribution patterns within OSS4SG remain poorly understood, even though these insights
are critical for its long-term success and sustainability. In our study, we analyzed over 2.2 million
commits from 5,860 contributors to explore how they contribute to OSS4SG and the factors that
may influence their contributions. Our findings indicate that contributors show lower contribution
intensity and shorter active duration in OSS4SG, yet their OSS4SG contributions are relatively more
regular compared to OSS. Furthermore, contributors who begin with OSS4SG projects typically
sustain higher participation levels in such projects throughout their contribution lifecycle. However,
contributing to OSS4SG does not necessarily lead to sustained or increased contributions to these
projects over time. Additionally, contributors from developing regions and women are more likely
to begin their open-source journeys with OSS4SG and demonstrate a stronger tendency to remain
engaged in these projects. Based on our findings, OSS4SG should be recognized as a pathway that
attracts underrepresented groups, but one that requires targeted retention strategies to avoid early
departure. Additionally, we propose targeted strategies to amplify the social impact of OSS4SG by
engaging a diverse pool of contributors and supporting the long-term success of these projects. Be-
yond OSS4SG, our findings may also provide valuable insights for other technology-for-social-good
initiatives, which often encounter similar challenges of inclusivity and sustained engagement. Effec-
tively addressing these challenges is crucial to harnessing the potential of open-source innovation
for tackling broader societal issues.

8 Data Availability

We made our data publicly available here.
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