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A B S T R A C T

Issues associated with a lack of diversity and inclusivity persist in the domain of free/libre and open source
software (FLOSS) development and in software development generally. Researchers have suggested that the
corporatization of FLOSS affords opportunities for creating an inclusive workforce. To understand the potential
for firms to increase diversity, we conducted a mixed-methods study of diversity and corporate engagement in
FLOSS projects. We integrate the results of a qualitative survey and a big data analysis to understand developer
perceptions of corporate engagement and its association with gender and geographic diversity. In the qualitative
component, we collected responses from 64 FLOSS contributors to elicit their perspectives on corporate
engagement. In the quantitative component, we analyzed GitHub data from 38 projects and 9,990 contributors to
investigate differences in participation and diversity based on corporate engagement. We find that contributors
vary across dimensions that can inform diversity interventions: stances toward corporations and orientation
towards individual/collective benefits. Our results suggest that corporate engagement may limit a project’s
contributor base and geographic diversity. Yet, organizations subsidizing FLOSS have opportunities to increase
access to projects which would benefit diversity. This research serves to identify individual and organizational
factors which may harm and help diversity initiatives.

1. Introduction

Diversity in software engineering and in free/libre and open source
software (FLOSS) development in particular continues to be an area of
interest as communities and organizations struggle to make significant
progress towards creating inclusive and equitable workspaces. Much of
the research on diversity in this work domain focuses largely on gender
and/or reduces social identity to a single mode of classification (e.g.,
either gender or race). This is due, at least in part, to empirical evidence
of a large gender imbalance in software development projects. However,
recent research describes the issues associated with only considering one
facet of social identity and aims to better capture the intersectional
nature of experience and injustice (Winchester et al., 2022). The foun-
dation of this work is based on the concepts of intersectionality (Cren-
shaw, 2018) and multiple jeopardy (King, 1988) which describe the
multifaceted nature of social identity to account for the interdependence
of systems used to dominate and discriminate against marginalized
groups. It is therefore important for research in this topic area to
examine multiple aspects of social identity, to better capture the variety

of experience and potential diversity in FLOSS development.
In calls to improve inclusivity, researchers have suggested that the

increased engagement of corporations in FLOSS projects may potentially
be leveraged for greater good. These researchers assert that the trans-
formation of this form of software development has far-reaching effects
as significant changes are made to the nature of work (Germonprez
et al., 2019). Furthermore, they prompt researchers to consider shifts in
FLOSS governance and the potential effects of the transformation on
diversity, inclusivity, and equity. These are topical issues for FLOSS
development with implications for participation and sustainability in
technological production.

According to the situated knowledge thesis put forth by Haraway
(1988), “what one knows or experiences reflects one’s social, cultural,
and historical location” (Schmaus, 2015, p. 245). As such, the inclusion
of groups that have been excluded from software development has im-
plications for broader societal issues and labor questions. Inclusivity is
related to equity in knowledge production (whose knowledge is valued
when building technologies), accessibility and usability of technology
(who can use the technologies), and the direction and application of
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technological advances (which problems technologies are designed to
address). Research has demonstrated that individuals who differ along
social dimensions, like gender, also differ along other dimensions that
influence problem-solving processes and outcomes in software devel-
opment (e.g., information processing style, Gralha et al., 2019);
knowledge sharing patterns, Zolduoarrati et al., 2022). The effects of
exclusivity in software development are evident in the many cases that
software has failed some populations (Hilderbrand et al., 2020).

Understanding the need for greater inclusivity and equity in tech-
nology development, and recognizing the potential of organizations, we
designed a mixed-methods study to model the relationship between
corporate engagement and social diversity in FLOSS projects. The goal of
this work is to (1) understand how FLOSS contributors respond to
corporate involvement and (2) analyze the association between corpo-
rations and diversity in project ecosystems. Our research includes ana-
lyses of qualitative survey data and GitHub project data which we
integrate towards this goal. The results of this research provide insights
regarding participation decisions and levels of diversity observed in
FLOSS projects.

First, we find that FLOSS contributors can be differentiated on the
basis of their stance towards corporations, which influences their de-
cisions for initial and sustained participation in projects. Second, we find
that FLOSS contributors largely view the effects of corporate engage-
ment on diversity as either neutral or positive. Third, we observe sig-
nificant differences in likelihood to sustain participation in projects with
and without corporate engagement, with contributors to the latter
exhibiting greater commitment early in their participation. Lastly, we
observe that projects with corporate engagement generally have the
same levels of gender diversity as projects without corporate engage-
ment. We also observe that projects without corporate engagement tend
to have higher levels of geographic diversity, demonstrating more
openness across national boundaries.

We next summarize research on corporate engagement and partici-
pation in FLOSS to situate the present study. We follow this review of
related work with a detailed description of our approach, results, and
contribution to this research area. From this, we consider opportunities
for studying and increasing inclusivity in service of more equitable
participation in FLOSS development. The research presented here builds
on understanding of the role and capacity of organizations, public and
private, for diversity and inclusivity in the space of FLOSS development.

2. Related work

2.1. Corporate engagement in FLOSS development

Corporations initially rejected the free and open source paradigm,
but, since the mid-2000s, they have maintained a relationship with
FLOSS communities, altering development processes and licensing along
the way (Fitzgerald, 2006). Research has thus been conducted across
disciplines to model the relationship between corporations and com-
munities in an effort to build foundational knowledge (descriptive
works) and, in some cases, to provide recommendations for the pros-
perity of such relationships (prescriptive works). Different types of
corporation-community relationships have been studied in FLOSS
development. Findings suggest that a corporation’s management style
can introduce friction with communities, and that corporations and
communities hold different types of power.

In early research, Dahlander and Magnusson (2005) proposed three
types of firm-community relationships that fall along a continuum of
community benefits: symbiotic (firm gains-community gains), commen-
salistic (firm gains-community indifferent), and parasitic (firm
gains-community loses). The symbiotic approach, in which both the firm
and the community benefits from the relationship, is associated with a
unique set of managerial challenges but also produces the greatest in-
fluence over the community. In this approach, the firm must carefully
consider the nuances of the community: organizational decisions should

not conflict with community norms, values, and goals. The other
approaches––commensalistic and parasitic––are understood to afford
little to no influence over the community. In these approaches, the
corporation-community relationship is untenable, as the firm’s use of
communal resources without reciprocity results in a negative reputation
and lost ties (Dahlander and Magnusson, 2005).

With increased corporate engagement, corporate structures and
control have become prevalent in the space of FLOSS development.
Scholars have identified this corporatization of FLOSS as diminishing
the public good associated with the paradigm. This is due to the fact that
corporate goals fundamentally conflict with FLOSS’s orientation to-
wards public goods and undermine its sociopolitical power (Birkinbine,
2015). The idealized FLOSS development project favors equality,
sharing, and reciprocity with the aim of fostering innovation and
advancing shared resources (Germonprez et al., 2013; Rajanen and
Iivari, 2015). In contrast, corporatization favors efficiency and com-
mercial success. Published works on these topics delineate the harms
imposed on projects by firms. For example, firms impose control struc-
tures (e.g., licensing) that may inhibit software freedom and openness,
and changes in governance (e.g., through acquisitions) can derail project
plans previously developed in collaboration with a community (Bir-
kinbine, 2015). At the same time, there are methods that can be used by
communities to maintain power and protect the products they
contribute to the commons (e.g., by forking projects; Birkinbine, 2015).
In sum, these studies highlight the ways that firms alter the goals of
FLOSS development and how communities may respond to them.

In the literature, research continues to examine the relationship
between communities and the organizations that collaborate with them
(Germonprez et al., 2019; Germonprez et al., 2017). The levels at which
corporations engage with FLOSS development have been elaborated to
include: economic and business markets for the software; communal
resources for projects and contributors; and ”social and material rules”
in FLOSS communities (Germonprez et al., 2013). Collaborations be-
tween organizations and communities have resulted in a shift away from
the development of standard platforms to a focus on usability and fea-
tures (Germonprez et al., 2017). Despite the increasing attention paid to
corporatization of FLOSS, it is unclear if and to what extent firms have
constrained or facilitated positive social outcomes (e.g., more equitable
technologies or inclusive communities; Newton, 2020). Furthermore,
motivating FLOSS contributors to accept organizational initiatives for
inclusivity and equity necessitates an understanding of their attitudes
towards corporate engagement in this space. This is significant given
that FLOSS contributors differ in terms of sociopolitical ideology, from
anarchism to nationalism, to anti-authoritarianism (Coleman, 2013).
We next turn to research on the composition and behavior of FLOSS
contributor groups.

2.2. Participation and diversity in FLOSS development

Much research has been conducted on participation in FLOSS
development. Research on this topic has been made increasingly feasible
through the extraction and analysis of contribution behavior from online
platforms like GitHub and corresponding version control systems.
Contributors to FLOSS projects have been characterized and differenti-
ated from each other in a number of ways. This has included the clas-
sification of FLOSS contributors on the basis of their activity levels (e.g.,
high versus low), status and influence (e.g., technical role and/or
popularity), and project commitment (e.g., paid versus volunteer). De-
mographic information, including gender and geolocation, has also been
used to identify differences in participation between project contribu-
tors, showing that significant disparities exist with respect to who par-
ticipates and how they participate. Notably, the population of FLOSS
contributors has low social diversity across a number of dimensions like
gender, race, and geographic location (El Asri and Kerzazi, 2019; Di-
versity 2022).

Research on diversity in FLOSS projects has largely focused on
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gender. Studies have been conducted on (1) the presence, or lack, of
women; (2) the tenure of women; (3) the biases reported by women; (4)
the bias against women observed in projects; and (5) the experiences and
behaviors of women in FLOSS development spaces. Generally, it is
observed that women participate in FLOSS projects at lower rates than
men (David and Shapiro, 2008; Vasilescu et al., 2015) and have shorter
tenure in projects and online platforms (Qiu et al., 2019; Newton and
Song, 2022). Some research has explored the presence and effects of bias
experienced in FLOSS projects. This work is insightful given that FLOSS
contributors have some level of awareness of potential collaborators’
gender in online platforms (Vasilescu et al., 2015) and the salience of
gender can influence interactions in social spaces (McNicol, 2013).

The rate at which women’s contributions are accepted varies on the
basis of both the salience of their gender and their membership status in
FLOSS projects (Terrell et al., 2017). When a woman’s gender is salient,
and she is not a project ”insider,” her contribution is less likely to be
accepted in comparison to a male peer whose gender is salient and is also
not an insider (Terrell et al., 2017). This relationship between gender
and contribution integration is flipped when gender is obscured: a
woman is more likely to have her work accepted when compared to a
male peer. Such a finding suggests that the difference in contribution
evaluation may be the result of bias rather than level of competence.
Other research on gender shows that women tend to contribute to a
smaller set of projects compared to men and are more reserved in
communication, specifically engaging in fewer emotional displays and
using less profanity (Imtiaz et al., 2019). Women themselves have re-
ported experiencing discomfort and harassment in FLOSS development
spaces (Nafus, 2012). Perhaps unsurprisingly, it is well established that
gender diversity is relatively uncommon in FLOSS development (e.g.,
Vasilescu et al., 2015). These works show that the interplay of social (e.
g., norms and bias) and technical factors (e.g., tenure and experience) in
FLOSS projects are associated with gender imbalances in participation.

A recent study suggests that contributors whose race is perceptible
and underrepresented tend to have less work accepted in FLOSS projects
(Nadri et al., 2021). At least one survey of developers revealed that
conflicts emerge as a result of differences in language, nationality, and
ideology between collaborators (Vasilescu et al., 2015). Less work has
accounted for variation in other dimensions (e.g., socioeconomic status,
education, and age) or intersections between them. Turning to group
and organizational factors, there is some evidence that FLOSS volun-
teers’ decision to participate in and commitment to a project is influ-
enced by social norms and the project’s association with positive causes
(Barcomb et al., 2018). At the group level, different types of diversity,
namely tenure and gender, have been empirically linked to turnover in
FLOSS projects (Vasilescu et al., 2015). But, to date, the relationship
between organizations, participation decisions, and diversity in FLOSS
projects has received less attention from researchers. We see this gap as
an opportunity to identify potential avenues for improving inclusivity
and equity in FLOSS development.

Germonprez et al. (2019) speculate that social computing technol-
ogies may hold a space of particular importance in addressing problems
emerging in this work domain. Social computing technologies are a type
of collaboration infrastructure that is created and designed by organi-
zations, including, for example, social coding platforms like GitHub.
Given the embedded nature of these types of technologies in software
development, they are a critical area for understanding individual,
group, and organizational behavior relevant to diversity and inclusivity.
Based on this, we identified GitHub as a highly relevant and appropriate
space for our research on these phenomena. We now turn to our study of
corporate engagement and diversity in FLOSS projects on GitHub.

3. Study approach

In this section, we describe our research goals and approach. Our
research was motivated by an interest in clarifying the relationship be-
tween corporate engagement, diversity, and participation in FLOSS

projects. More specifically, our goal is to characterize FLOSS contribu-
tors’ perceptions of corporations as they relate to participation and di-
versity to better understand if and how the presence of these
organizations may be leveraged to improve diversity and inclusivity. We
argue that corporations can and do influence participation and group
formation in FLOSS development. Their influence on these phenomena
is achieved through a variety of mechanisms. Firms can directly alter
participation through recruitment and assignment of developers to
FLOSS projects. Given the variety of values and goals held by FLOSS
contributors, firms may also alter participation by their mere presence,
attracting contributors based on affinity or repelling contributors based
on sociopolitical beliefs.

We therefore solicited information about corporate engagement in
FLOSS development from project contributors, including the relation-
ship between corporations and diversity. With the data collected, we
employed a cross-sectional approach to examine differences in responses
based on sociodemographic information. We complemented our survey
research with an analysis of diversity, participation, and corporate
involvement in FLOSS projects hosted on GitHub. This mixed-methods
approach enabled us to provide a more complete picture of study con-
cepts by capturing both individual and group factors, and the differences
and similarities between different types of projects. The qualitative
component allowed us to build foundational understanding of contem-
porary individual attitudes and beliefs on corporate engagement in
FLOSS development. The quantitative component allowed us to examine
group behavior and composition in FLOSS projects based on corporate
engagement. Together, they illustrate how corporate engagement in-
fluences individual behavior to produce group differences. This study
was thus completed in two parts–survey research and GitHub project
data research–and we organize the paper accordingly.

3.1. Research questions

The research presented here was guided by the following questions:
RQ1 Perceptions of Corporations: What are contributors’ percep-

tions of corporate involvement in FLOSS projects?

(a) Experience: Do contributor experiences in projects differ based on
corporate involvement?

(b) Participation: Does corporate involvement influence contributor
intent to sustain participation in a FLOSS project?

(c) Diversity: Do contributors believe that corporate involvement
helps or hurts the achievement of diversity in FLOSS
development?

RQ2 Effects of Corporations: Do quantitative differences exist be-
tween projects with and without corporate involvement?

(a) Participation: Is corporate involvement associated with differ-
ences in sustained participation in FLOSS development?

(b) Diversity: Is corporate involvement associated with differences in
social diversity in FLOSS development?
i. Gender: Are differences in gender diversity associated with
corporate involvement?

ii. Geographic: Are differences in country diversity associated
with corporate involvement?

The combination of the above questions provides us with a better
understanding of the individual (participation decisions) and organiza-
tional (corporate engagement) factors which produce differences in
group phenomenon (social diversity in FLOSS development). We next
provide the details of the mixed-methods research conducted to answer
these questions.
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4. Methods

Data were collected and analyzed from (1) contributors to FLOSS
development on GitHub and (2) FLOSS projects on GitHub to elucidate
the relationship between corporate involvement, participation, and di-
versity. Supplemental materials are provided via the Open Science
Foundation1.

4.1. Data collection: survey research

We administered a survey via Qualtrics to collect data on contributor
perceptions of corporate involvement in FLOSS projects. The inclusion
criterion was contribution to FLOSS development on GitHub. Partici-
pants were provided with an explanation of research approved by our
institution’s Institutional Review Board and asked to provide confir-
mation of their decision to voluntarily participate in the study. Partici-
pants who completed the survey were compensated for their time and
effort with a $5 Amazon.com gift card. On average, the survey took
approximately 15 minutes to complete. The survey was open to re-
sponses from May 2022 to September 2022.

The survey was administered in two phases: a general call for
participation distributed via social media and listservs (phase 1 - broad
distribution) followed by a targeted invitation to participate based on
contribution data extracted from FLOSS projects on GitHub (phase 2 -
targeted distribution). In the first phase, the survey was distributed via
Twitter, the GitHub Subreddit, and a set of listservs: the NIH Science of
Team Science listserv, the Listserv For Scientists, the Free Software
Foundation’s LibrePlanet listserv, and the International Federation for
Information Processing’s Working Group on Open Source Software
listserv. This distribution resulted in over 400 responses, but as is
common with surveys distributed via social media (Xu et al., 2022),
many responses were unusable due to evidence of automated activity
and/or incomprehensible, incoherent, or plagiarized text responses. We
thus kept 34 complete responses to the survey in the broad distribution.

In the second phase, an invitation to participate was sent directly to
the contributors of FLOSS projects selected for the GitHub project
research component of this study. A total of 596 contributor emails were
extracted from commits and pull requests. Of these emails, 10 were
returned as undeliverable. This distribution resulted in 57 responses
(10% response rate); However, 22 data points were labeled incomplete
and unusable due to the fact that the participants responded to less than
10% of the survey and 0% of the open-ended questions. 5 additional
participants reviewed the explanation of research but did not complete
the survey. As a result, 30 complete responses to the survey in the tar-
geted distribution. Our final sample consisted of 64 participants across
the two survey distributions. Demographic information for the survey
sample is provided in Tables 1, 2, 3, 4.

4.2. Data collection: GitHub project research

Data were collected and aggregated from the GHTorrent mysql-
2019-0601 data dump for sample selection which included data for

over 125 million repos. Additional data were extracted from the GitHub
REST API using the PyGitHub library2 and GrimoireLab’s Perceval
module3. Only repositories that were devoted to cooperative software
development projects and were active at the time of data collection were
classified as belonging to the study population. Specifically, GitHub
repos were included in the study population if they met the following
criteria:

1. Software development focus: a specified programming language;
2. Continuity of development activity: at least 5 years old;
3. Sufficient amount of development activity: at least 50 commits;
4. Sufficient number of contributors: at least 5 members.
Based on this, the study population was made up of 2572 re-

positories. This is approximately 0.002% of all the repos in the
GHTorrent data dump.

To select a sample of projects for analysis, project data were aggre-
gated across a set of dimensions. This set of dimensions was selected on
the basis of their relevance to the research topic (Nagappan et al., 2013)
and prior research on project growth and attraction of newcomers
(Fronchetti et al., 2019). For empirical research on participation in
FLOSS projects on GitHub, the space consists of the following di-
mensions: number of contributors (12-month period), number of com-
mits (12-month period), number of forks, number of watchers, main
programming language, project age, and committer turnover (compar-
ison of two consecutive 12-month periods). These aggregated data then
served as input for a sample coverage algorithm (Nagappan et al., 2013)
to select 20 GitHub projects. Two projects were removed from the
sample: one is a mirror of a repo hosted outside of GitHub, and the other
had been deleted by the time of data collection (September 2022). The
remaining 18 projects were kept for analysis. Summary statistics used to
compare the study population and sample along the aforementioned
dimensions is provided in online supplemental materials.

Table 1
The gender makeup of the survey research sample.

Response N social N committers Overall (%)

Man 30 24 54 (84%)
Woman 3 1 4 (6%)
Prefer not to say 1 4 5 (8%)
Nonbinary 0 1 1 (2%)

Table 2
Descriptive statistics for age reported by survey participants.

Age N social N committers

Minimum 21 20
Maximum 44 52
Mean (±SD) 29.51 (±5.81) 34.13 (±8.95)
Median 28 31.50

Table 3
Geographic location reported by survey participants.

Continent N social N committers Overall (%)

Americas 31 12 43 (67%)
Asia 1 4 5 (8%)
Europe 2 13 15 (23%)
Oceania 0 1 1 (2%)

Table 4
The racial and ethnic makeup of the survey sample.

Race/Ethnicity N social N committers Overall (%)

Arab, Non-White 0 1 1 (2%)
Asian 5 3 8 (12%)
Black 4 0 4 (6%)
Hispanic/Latine, Non-White 0 2 2 (3%)
North African 0 1 1 (2%)
White, Arab 0 1 1 (2%)
White, Hispanic/Latine 1 2 3 (4%)
White, Non-Hispanic/Latine 24 19 43 (67%)
White, Pacific Islander 0 1 1 (2%)

1 OSF project link

2 https://pypi.org/project/PyGithub/
3 https://github.com/chaoss/grimoirelab-perceval

O.B. Newton and S.M. Fiore

https://Amazon.com


The Journal of Systems & Software 217 (2024) 112163

5

We then expanded this data set to additionally consider other pro-
jects that constituted the ecosystems of the 18 projects. We applied the
reference coupling method proposed by Blincoe et al. (2015) to identify
projects belonging to ecosystems of the 18 sampled projects. This
method is based on mentions of dependencies between projects in
comment data extracted from platform API. We scraped comments
linked to commits, pull requests, and issues. The cross-reference patterns
reported in Blincoe et al. (2015) were used: User/Project#Num (e.g.
rails/rails#123) or User/Project@SHA. Extracted patterns were manu-
ally inspected to remove false positives and self-referential matches. Of
the 18 projects in the sampled data, cross-references to other projects in
comments were found for nine projects. These nine projects and the
projects in their ecosystem were used to analyze participation and di-
versity differences. Our final data set included information for 38 pro-
jects, 9990 contributors, and 445,465 events (commits, pull requests,
and issues).

These data were prepared based on best practices for studying
contributor behavior in FLOSS projects. As in prior research on GitHub
(e.g., Golzadeh et al., 2021), bots were identified and removed from the
data set based on username, information in GitHub profile bio, and/or
GitHub’s contributor type label (user or bot). All usernames and bios
that contained the patterns ‘bot’, ‘CI’, ‘automated’/‘automation’, or
‘machine’ were extracted in an iterative process (e.g., all accounts
selected in ‘bot’ pattern matching were removed for closer inspection
before beginning ‘CI’ pattern matching). Then, extracted accounts were
manually inspected to remove false positives (e.g., ’bot’ pattern in a
human’s username). Through this process, a total of 30 accounts were
labeled automated and removed from the data set. Some of these ac-
counts were found across multiple projects (e.g., dependabot) whereas
others were specific to a project.

Usernames were used to extract location information provided in
GitHub profiles. Location information was prepared for analysis using
the tmaptools (Tennekes, 2018) and tidygeocoder (Cambon et al., 2021)
packages in R. Functions in these packages were used to define co-
ordinates for 6834 contributors with location information in the user
profile. The coordinates were then used to assign country and
continent-level labels to each contributor. 98 countries were represented
in the data with the top ten being United States, Germany, China, United
Kingdom, India, France, Canada, Netherlands, Poland, and Switzerland.
8 countries were represented by a single contributor: Brunei, Dominican
Republic, Nepal, Panama, Paraguay, Saudi Arabia, Sudan, and
Venezuela.

Identity merging was applied using the script4 by Vasilescu et al.
(2015). The approach first merges user aliases if they share the same
email address and then evaluates name, username, email address prefix,
email address domain, and location information. In line with the au-
thors’ guidance on the application of their approach, we manually
inspected outputted files. To limit the number of false positives (i.e.,
aliases incorrectly merged; El Asri and Kerzazi, 2019), we have been as
conservative as possible when deciding to merge aliases. The gender-
Computer tool5 was used to infer the gender of project contributors
based on name and location data. In previous research reporting the
development of genderComputer tool, this gender resolution technique
was found to have precision of up to 93% (Vasilescu et al., 2015).

4.2.1. Accuracy of gender resolution

The genderComputer tool resolved gender for 8349 (84%) of users in
the sample: 7608 (76%) contributors were labeled as man and 741 (7%)
as woman with the remaining 1641 (16%) unlabeled. The output of the
tool was manually inspected for a random selection of 500 labeled
contributors, and compared against information in GitHub and social

media profiles. Less than 15 instances of classification errors (0.001%)
were discovered in this process. Such errors were produced as a result of
nicknames (e.g., Oli, Dani, and Juaky) and gender-neutral names (e.g.,
Taylor and Casey).

We also evaluated the match between the genderComputer labels
against pronouns specified by contributors in GitHub profiles. Pronouns
for contributors were collected using a GitHub GraphQL query. 698
contributors (7% of the sample) included information in the pronouns
field of the profile, with 691 contributors using it to share pronouns. The
other 7 contributors had non-pronouns in this field (e.g., “Attack Heli-
copter” and “Yes/No”). We used contributors’ specified pronouns to
label gender. 613 contributors with only he/him/his pronouns were
labeled as man, 46 contributors with only she/her/hers pronouns as
woman, and 32 contributors with a blend of gendered and/or gender-
neutral pronouns were unlabeled. We next compared pronoun-based
labels with genderComputer labels. 87 contributors (79 man, 3
woman) who had specified pronouns did not have a genderComputer
label as the tool was unable to resolve their gender. This set was not
included for evaluation of the tool. Data for the 604 contributors were
used to calculate evaluation metrics for the genderComputer tool, with
gender labels based on specified pronouns serving as ground truth
(Table 5). We observe that the tool performs well, and more so for men
than women. A total of 73 (12%) contributors were misclassified (i.e.,
had a mismatch between pronoun-based label and tool-based label). 26
of these mismatches were cases in which a contributor specified a blend
of gendered and/or gender-neutral pronouns.

4.3. Data analysis: survey research

To analyze participant responses to Likert-type items, aggregation
and visualization techniques were applied to the data using R and in
particular the tidyverse (Wickham et al., 2019) and likert (Bryer and
Speerschneider, 2022) packages. These data summaries enabled us to
examine the distribution of experiences as represented in the survey
data. Reflexive thematic analysis (RTA), an approach for thematic
analysis elaborated on by Braun and Clarke (2019), was applied to
participant responses to open-ended survey questions to characterize
FLOSS contributor experiences and dispositions regarding study con-
cepts. This approach is flexible and acknowledges the researcher’s
“active role in knowledge production” [Bryer, 2022, p. 1393]. The six
recursive phases of RTA are: (1) familiarization with the data; (2) gen-
eration of initial codes; (3) generation of themes; (4) review of potential
themes; (5) definition and naming of themes; and (6) report production.
Details about the RTA applied to participant responses to the survey are
provided in Table 6.

We next address underlying theoretical assumptions associated with
our application of RTA. We adopted a constructionist epistemology: our
understanding of reality, experiences, and language is socially produced
and reproduced through interaction within and outside ourselves (Burr,
2015). Understanding is “historically and culturally relative” [Burr,
2015, p. 4]. Thus, although we attended to the recurrence of codes, it
was not the most significant criteria applied to the data when con-
structing themes. Instead, we primarily weighed meaning and mean-
ingfulness as the “central criteria” in coding [Byrne, 2022, p. 1395]. Our
analysis had a primarily experiential orientation, reflecting the feelings
and experiences of participants (Clarke and Braun, 2014). In considering
implications and potential future work based on responses, a shift to-
wards a critical orientation was necessary to interpret them in relation to
the social context in which our participants are embedded (Clarke and
Braun, 2014). That is to say, each participant has a sociocultural position

Table 5
Classification evaluation metrics for genderComputer tool.

Precision Recall Accuracy F1

0.97 [0.95, 0.98] 0.94 [0.92, 0.96] 0.92 [0.89, 0.94] 0.96
4 https://github.com/bvasiles/ghtunmaskingaliases
5 https://github.com/tue-mdse/genderComputer
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which, like ours, interplays with understanding and its production.
Lastly, we conducted an inductive (i.e., data-driven) analysis in which
codes were descriptive and based on explicit meaning (Byrne, 2022;
Clarke and Braun, 2013).

4.4. Data analysis: GitHub projects research

As a first step, we supplemented the data with information from
READMEs, project websites, andWiki pages. This was done to categorize
projects into one of three groups: no corporate influence, receives
corporate support, owned by a corporation (Table 7). We refer to these
groupings as project type. This qualitative categorization of projects was
used to analyze group differences. All subsequent computations and
analyses were conducted in R. The corresponding data and code files are
provided in the online supplemental materials

4.4.1. Sustained participation
To compare sustained participation between project types, survival

analysis was applied to contributor data. This analysis serves to com-
plement findings from the survey research on experiential differences
and participation decisions. Specifically, it allows us to observe the
group-level patterns of participation that emerge in association with the
interaction between project structures, project processes, and individual
motivations. Survival analysis used is across disciplines for the evalua-
tion of event rates and causal mechanisms (Liu, 2012). In research on
FLOSS development, survival analysis has been used to model software
releases (Sen et al., 2015), assess development processes (support
quality; Jarczyk et al., 2018) and quantify gender differences in
participation (Qiu et al., 2019).

Survival analysis allows for the assessment of time until an event
occurs, which in this case is a contributor’s disengagement from a
project. Importantly, for some contributors, we do not know if and when
they will disengage from a project in the future. We therefore have
censored data, or partial observations for a subset of contributors (Gij-
bels, 2010). In our case, the data is right censored (Gijbels, 2010; Clark
et al., 2003) by the event of data collection (i.e., when we scraped the
data): a contributor may have left a project at a date which occurs after
data was collected for this research. Survival analysis handles censored
data directly, making it appropriate for use with our data (Clark et al.,
2003). We calculate Kaplan-Meier survival estimates (Clark et al., 2003;
Kaplan and Meier, 1958) of the probability of remaining in a project
over time. We use survival probabilities to evaluate differences in sus-
tained participation between projects with and without corporate
involvement. We implemented the survival analysis and applied

significance testing in R using the survival package (Therneau, 2024),
and plot survival curves using the ggfortify package (Tang et al., 2016;
Horikoshi and Tang, 2018).

4.4.2. Gender and geographic diversity

To evaluate differences in social diversity as they relate to project
type, the Blau index was computed for gender and country in each
project. This analysis complements findings from the survey research on
perceptions of corporations’ effect on diversity in FLOSS. Specifically, it
allows us to examine if FLOSS contributor perceptions align with
observed levels of diversity in projects with and without corporate
involvement. The Blau index was developed by Simpson (1949). This
operationalization of diversity measures the variety of a categorical data
type within a unit (Harrison and Klein, 2007). The formula for the Blau
index is 1 − Σpk2, “where p is the proportion of unit members in kth
category” [55, p. 1211]. The values computed range from 0 and (K −

1)/K.
For our calculation of gender diversity, the maximum possible value

is 0.50 or 0.67, depending on the data used as input. The first Blau index
value for gender diversity has a maximum possible value of 0.50 as it is
based on the two gender groups we were able to label using gender-
Computer. A value of 0.50 for gender diversity represents complete
evenness in the presence of the two gender groups within a project. The
second Blau index value for gender diversity has a maximum possible
value of 0.67 as it is based on the genderComputer labels enhanced with
pronoun information. Specifically, it accounts for pronoun-based cor-
rections to the two gender groups labeled by the tool in addition to a
third gender group for contributors with gender-neutral and/or blended
pronouns whowere previously unlabeled. For this value, 0.67 represents
complete evenness in the presence of these three gender groups within a
project. For our calculation of geographic diversity, the maximum
possible value is approximately 1.00 as there are 98 countries repre-
sented in the data (out of the 195 in the world according to the United
Nations;Saunders, 2024). The richness of the data for geographic di-
versity allows for a higher maximum value compared to gender diversity
in our analysis. To determine if there was a statistically significant dif-
ferences between project types, models were created with diversity as
the response and corporate involvement as predictor. A non-parametric
approach––Welch’s unequal variances t-test––was applied due to the
skewed distributions observed in the data. We report descriptive and test
statistics from this analysis, and visualize distributions using density
plots.

5. Results

To answer our first set of research questions (RQ1a-c), we charac-
terize contributor perceptions of corporations based on their responses
to Likert-type items and open-ended questions. We specifically cover
perceptions of contribution experience and the effect of corporate
engagement on diversity in FLOSS projects (Figs. 2–5). To answer our

Table 6
Summary of Reflexive Thematic Analysis Phases. Codes and themes iteratively produced and refined in the RTA to represent differences experienced by participants
following their response to, “Does your contribution experience differ for FLOSS projects with corporate involvement and FLOSS projects without corporate
involvement?” and “How much does the lack or presence of corporate involvement influence your decision to continue participating in a project after initial
contribution?”.

RTA Phase Description and Findings
Data Familiarization: initial line-by-line review of responses. Participant responses described specific and general differences they have experienced and observed over time in FLOSS
projects.

Initial Coding: 89 codes produced in second line-by-line review. Open coding applied to participant responses with the aim of capturing experiences and perspectives. Most frequent codes
include: motivation, time, bureaucracy, and organization.

Generating and Reviewing Themes: 17 themes produced.Codes reviewed to identify relationships between them and form themes for projects with and without corporate involvement.
Codes describe the effect of corporations on contributors and projects as a whole.

Defining and Naming Themes: grouped themes into 4 major areas. Themes and sub-themes reflect stances towards corporations in FLOSS development (positive, negative, neutral, and
mixed) and orientation with respect to potential individual and collective benefits.

Table 7
Levels of corporate involvement in FLOSS project sample.

Level No. Projects

No clear corporate influence 12
Receives corporate support 11
Owned by a company 15
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second set of research questions (RQ2a-b), we analyze differences in
participation (Fig. 6, Table 9 and diversity (Figs. 7, 8) in FLOSS projects
based on GitHub contribution data and project type (level of corporate
involvement).

5.1. Survey research: experiential differences

With respect to RQ1a, the results of the survey suggest that there are
considerable differences in contribution experience between projects
with and without corporate involvement. These differences vary some-
what between genders across geographical boundaries (Figs. 1, 2). For
example, the majority of participants who were located in the Americas
and Asia tended to report experiencing at least some difference between
projects with and without corporate involvement (Fig. 2). Furthermore,
over half of participants in the Americas reported experiencing differ-
ences in contribution most of the time or always. In contrast, few par-
ticipants in Europe reported experiencing differences most of the time or
always in their contributions to FLOSS projects.

5.1.1. RTA results: elaborations on experiential differences
When asked to explain the differences experienced between projects

with and without corporate involvement, most survey participants
framed their experiences in positive and/or negative terms, and a small
number reported experiencing no difference. Four major themes
regarding differences between project types were produced in the RTA:

1. Project structure as restriction and independence,
2. Project process as resource,
3. Problems with corporations as incongruence, and
4. Motivations of contributors as congruence.

Within the themes of structure and motivation, participants identi-
fied unique attributes of projects with corporate engagement and pro-
jects without corporate engagement. The themes and subthemes of
process and problems were specifically focused on projects with
corporate involvement.

In the project structure theme, participants expressed dissatisfaction
with both corporate and non-corporate projects (i.e., negative aspects),
and praised the natural fit of non-corporate structure with the values of
FLOSS (positive aspects). The structure of projects with corporate
involvement was viewed as controlling and cumbersome, resulting in an
inflexibility around completing task work due to top-down constraints.
Further, there is a need for increased effort on the part of contributors to
determine the appropriate sequence of actions and meet bureaucratic
demands: “they’ll often require CLAs [Contributor License Agreements] and
other burdensome impediments” [GH14]. Participants stated that this
extended the time to complete tasks by imposing unnecessary

requirements and were likely the result of the software not being a
priority for the associated company. As one participant noted:

“most of the time, projects with corporate involvement tend to lead to a
lower quality of work and more time consumed as corporations set up
initiatives and guidelines we all have to follow which slows everything
down” [SM2].

Although fewer participants focused on FLOSS projects without
corporate involvement when elaborating on differences in structure,
those who did described the lack of structure as producing both benefits
and consequences. On the positive side, the governance models of non-
corporate projects are perceived as fairer and granting greater freedom
to contributors. This allows them to improvise when producing code
that addresses their own and others’ needs. On the negative side, the
lack of structure can create coordination issues: “projects without
corporate involvement are more public, but also more disorganized, with
mostly no one doing project management” [GH4]. The structure of
corporate projects is perceived as highly restrictive, whereas the struc-
ture of non-corporate projects is perceived as affording independence
with the consequence of disorganization.

In the process theme, participants described positive experiences in
projects with corporate involvement. A common subject across partici-
pants was the speed and quality of support in associated projects:
“projects with corporate involvement are usually lively and faster” [SM9]
and “it feels more professional” [GH24]. Projects with corporate
involvement also potentially make better use of features provided by the
online platform (GitHub) to coordinate work and further have resources
to share information relevant to coordination requirements:

“Corporate-backed FLOSS projects usually have a more organized bug
tracker. New issues are triaged quickly. Current development priorities
(”sprints”) are sometimes public” [GH27].

Other participants similarly noted that documentation for processes
supported their ability to contribute and work with project integrators.
Corporate engagement in FLOSS projects thus introduces a trade-off for
contributors: while corporations may be associated with faster response
times and greater information transparency from managers and in-
tegrators, they are also associated with increased time and effort on the
part of code contributors with no perceived benefit to software quality.

In the problems theme, factors which produced distinct experiences
include potential risks of joining projects with corporate involvement
and the goals of companies involved in FLOSS. A set of risks identified by
survey participants exists at the project level: abandonment, corporate
wrongdoing, scale, and conflict. These first two risks were seen as
potentially producing the same effect on project success:

Fig. 1. Experiential difference in projects with and without corporate involvement, broken out by participant reported gender.
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“Because a corporation may be involved in a FLOSS project, there is a
concern that if the corporation in question is involved in nefarious deal-
ings (or voluntarily abandons support) that it can severely damage or
limit the momentum of a project” [GH6].

The third type of risk similarly reflects a concern about insufficient
resources, but in the opposite case: a FLOSS project with corporate
involvement may become popular and grow significantly without the
personnel or infrastructure to meet needs at scale. Finally, the fourth risk
is linked to control and the foundations of FLOSS, namely licensing, in
which participants expressed concerns about legal issues that may
emerge from contribution to projects with corporate involvement. The
goals of firms involved in FLOSS were also seen as producing problems,
due to execution of decisions without community input or explicitly
disregarding community input. In such cases, there exists a misalign-
ment between community and corporate goals as a firm’s actions reflect
their own priorities and power asymmetries: “there is sometimes priority
given to ‘get it done’ or ‘this is the way we’ve decided’ rather than under-
standing community feedback” [SM34] and “the corporate contributors
usually have their own agenda”[GH22].

In the motivations theme, responses were entirely positive regardless
of their focus on corporate or non-corporate projects. In describing how
differences between project types, some participants shared that they
gained individual experiential value when contributing to projects with
corporate involvement, whereas others shared that they either gained
the opportunity to contribute to advancing software and programming
more broadly or to engage in activity that brought them joy with like-
minded others. Here, the distinction between project types was very
clear.

Positive aspects of projects with corporate involvement reflected
personal benefits––career opportunities and compensation––in addition
to satisfactory work support processes and characteristics. Such projects
provide early career professionals with the opportunity to build re-
lationships for networking purposes, gain work familiarity with de-
velopers and tasks, and participate in activities outside the project: “gave
me great experience with the devs and managers” [SM1] and “creates op-
portunities to participate in open source internships or retreats from time to
time” [SM23]. Another important component of corporate involvement
for FLOSS contributors is the potential for compensation. Positive as-
pects of projects without corporate involvement in contrast reflect col-
lective benefits––better code and products––in addition to outlets for joy
and the expression of social values. Contribution in these projects may
be more “like a hobby” [GH20] which is related to “more freedom [and]
more intrinsic motivation” [GH8].

5.2. Survey research: corporations and participation decisions

With respect to RQ1b, responses covered a number of reasons for
sustaining or avoiding participation in corporate-involved projects. In
general, participant responses fit within the themes generated in the
analysis of experiential differences between types of projects (Fig. 3),
with the majority belonging to problems with corporations as incongruence
and motivations as congruence. Under the problems theme, concerns
centered on the possibility that contributions would become restricted
as the intellectual property of the company in question. Among reasons
to avoid or leave a project, participants expressed that they experienced
discord with decision makers and a misalignment of values. Concerns
about project-specific goal misalignment were expressed by survey
participants: “presence of the corporate involvement makes me not want to
get further involved since the main leads try to alter the whole project to fit
their (corporate’s) vision for the project” [SM12].

Under the motivations theme, some contributors are driven to sustain
participation due to perceived personal benefits (e.g., compensation,
network, etc.), while others are demotivated by a lack of collective need
and social good:

“I’m less interested in helping with projects that already have corporate
funding since they have the money to hire someone, while other projects I
could work on don’t” [SM15].

“It’s more of a moral dilemma - Like why should I contribute to the benefit
of a corporate whose only motivation is to become richer? I would rather
spend my time with FOSS projects whose contributors are driven by
passion for programming (most of them) and the prime motivation being
to create better software and make everyone’s life a bit better” [SM28].

These participants affirmed their commitment to the communities
and values of free software in their contribution decisions. Still, some
participants clarified that they were more nuanced in evaluating pro-
jects: their decisions were informed by how the contribution experience
felt or based on an established history between the corporation and
FLOSS communities. Indeed, several participants described the impor-
tance of familiarity with a company’s reputation in FLOSS communities,
as this better enabled the assessment of risk for participation decisions.
Even in situationally-informed decisions, contributors expressed a limit
to such nuance as some entities were to be avoided at all costs: “I [am]
sensitive to a small set of organizations with whom I do not want any asso-
ciation” [SM21]. Each of these risk and goal factors leads some FLOSS
contributors to exhibit hesitancy in joining or to completely avoid
corporate-backed projects.

Fig. 2. Experiential difference in projects with and without corporate involvement, broken out by participant reported location (at continent level).
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5.3. Survey research: corporations and diversity

With respect to RQ1c, participants generally held neutral or positive
views of corporate effects on diversity in FLOSS projects (Figs. 4 and 5).
Only a very small proportion of participants in North America felt that
corporations were seriously detrimental to social diversity in FLOSS
projects (Fig. 5). Perceptions of participants across gender and
geographical groups regarding effects of diversity were thus somewhat
more positively skewed than perceptions of corporations in FLOSS
development generally.

The results of this survey research provide evidence for the effect of
corporate activities and decisions on individual decision making related
to participation in FLOSS development. Participants in the sample not
only confirmed that there are key differences in individual preferences,
experiences, and beliefs with respect to project types, they provided a
richer understanding of their perceptions through descriptions of the
rationale which informs their perspective and in turn guides their de-
cision making. We next describe the results of a complementary
approach to our survey research: an analysis of big data extracted from
FLOSS project ecosystems in GitHub.

5.4. GitHub projects research

5.4.1. Sustained participation
Relevant to RQ2a, we provide summary statistics for contributor

tenure in the three levels of project type and describe the results of the
survival analysis conducted to examine differences in sustained partic-
ipation between fully corporate and non-corporate projects. The average
tenure is similar between fully corporate and non-corporate projects, but
lower in projects which receive corporate support (Table 8). Differences
in survival probabilities between project types are provided in Table 9
and visualized in Fig. 6.

The largest differences in survival probabilities for corporate and
non-corporate projects occurs in the first three months of contribution.
During this first quarter of participation, contributors in projects with no
corporate influence have a 13% greater chance of remaining than con-
tributors in projects owned and maintained by corporations. This dif-
ference decreases after the first year, with contributors in both project

types having similar likelihood of sustained participation. Stated
another way, the risk for leaving is lower at the beginning for non-
corporate projects––the curve begins at approximately 70% chance of
survival––and this risk increases to a similar level observed in fully
corporate projects after a year. To determine if the difference between
groups is statistically significant, a log-rank test was conducted. The
results of this test indicate that there is a significant difference in overall
survival between projects with and without corporate involvement (X2

= 10.70, p = .001). We thus reject the null hypothesis.

5.4.2. Gender and geographic diversity
For gender diversity, we report two Blau index values based on

genderComputer labeling and pronoun-enhanced genderComputer la-
beling. Density plots are provided in Fig. 7. Relevant to RQ2b-i, gender
diversity is generally low in projects (<0.3). A Welch’s unequal vari-
ances t-test, a modification of the two sample t-test that is appropriate
for cases in which there are unequal groups and there is unequal vari-
ance between those groups, was applied to the set of Blau index values
for gender diversity. We report No significant difference was found be-
tween the two project types of interest with the genderComputer la-
beling, t(22) = 0.74, p = .47, d = 0.28 (lower CI: − 0.50; upper CI: 1.06),
with no corporate influence projects (M = 0.16, SD = 0.07) having, on
average, similar levels of gender diversity as company-owned projects
(M = 0.14, SD = 0.09). There was also no significant difference between
the two project types of interest with the pronoun-enhanced gender-
Computer labeling, t(22) = 0.94, p = .36, d = 0.33 (lower CI: − 0.45;
upper CI: 1.11), with no corporate influence projects (M = 0.18, SD =

0.09) having, on average, similar levels of gender diversity as company-
owned projects (M = 0.16, SD = 0.04). The enhancement of gender-
Computer labels using pronoun information somewhat alters calculated
diversity levels as indicated by the plots. This is due in part to the fact
that a third group has been added in the calculation of the Blau index for
gender diversity which in turn increases the maximum possible value.
The project with the highest gender diversity across both calculations of
the Blau index falls into the no corporate influence category. When
considering the top five projects, however, the majority shifts from
company-owned to no corporate influence with pronoun-enhanced
gender resolution. While the diversity values change and increase with

Fig. 3. Themes and subthemes in participant responses regarding differences between projects with and without corporate involvement.
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pronoun enhancement, the difference between project types remains
non-significant.

Relevant to RQ2b-ii, country diversity is relatively high (>0.75).
The density plot is provided in Fig. 8 and summary statistics in Table 10.
The skewness and prevalence of ties between project types limited the
application of statistical tests to country diversity data. We examined

country diversity between project types within a project ecosystem and
observed that six out of nine (67%) projects with the highest country
diversity in their ecosystems had no corporate involvement. Addition-
ally, compared to the other two types of projects, projects owned by a
firm have the lowest minimum country diversity and a lower maximum
country diversity. While this does not provide unequivocal evidence that
projects with no corporate involvement tend to be more globally open, it
does suggest that there may be important differences in country di-
versity between project types. In sum, no project types are more or less
open to different gender groups and projects with no corporate
involvement may be more open to globally-distributed groups.

6. Discussion

The goal of this research was to characterize the perceptions of di-
versity and corporations held by FLOSS project contributors and to
examine if and how this is reflected in observable behavior in GitHub, a
social coding platform. Relevant to our first research question, the re-
sults of the survey highlight the heterogeneity of FLOSS contributors’
beliefs, behaviors, and experiences associated with participation and
corporations. Specifically, we find that:

RQ1a Contributors report experiencing important differences be-
tween projects based on corporate involvement, specifically with respect
to structure, processes, goals, risk, values, and motivation.

RQ1b Contributors vary in the degree to which their participation
decisions are influenced by the presence of corporations, with some

Fig. 4. Gender differences in the perceived effect of corporate involvement on social diversity in FLOSS development.

Fig. 5. Geographic differences in the perceived effect of corporate involvement on social diversity in FLOSS development.

Table 8
Summary statistics for project tenure aggregated at project type level.

Project Type Min Max Median Mean (SD)

Non-Corporate 1 54 10 13.37 (±12.74)
Receive Corporate Support 1 57 1 9.60 (±12.98)
Fully Corporate 1 56 9 13.79 (±14.31)

Table 9
Survival probabilities by project type at two time points. Survival probabilities
at these time points represent the greatest difference (quarter 1) and conver-
gence (quarter 12) between project types.

Quarter Project Type Probability SE Lower, Upper 95% CI

1 Non-Corp. 0.71 0.01 0.70, 0.73
Corporate 0.58 0.01 0.55, 0.66

12 Non-Corp. 0.45 0.01 0.43, 0.47
Corporate 0.46 0.01 0.44, 0.48
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having very strong anti-corporation stances and others being drawn to
potential personal benefits associated with corporate engagement.

RQ1c Contributors also vary in the degree to which they perceive
corporations as being helpful or harmful to the achievement of diversity,
but many assume the effect is nonexistent or minimally positive.

The results of the GitHub data analysis indicate that there are some
differences in participation associated with corporate engagement,
specifically with respect to early commitment to a project. Specifically,
we observe that:

RQ2a Contributors to FLOSS projects owned and managed entirely
by firms are less likely to sustain participation in the first quarter of
participation when compared to projects without corporate
engagement.

RQ2b In general, there is no clear evidence that differences in social
diversity are associated with corporate involvement in FLOSS
development.

Fig. 6. Survival curves for contributors to projects with and without corporate involvement. The probability of maintaining activity in a project is plotted on the y-
axis. Time, aggregated in 3-month periods (i.e., quarters), is plotted on the x-axis.

Fig. 7. The distribution of gender diversity by project type, visualized with density plots. In plot A, contributors were labeled using the genderComputer tool (left). In
plot B, contributors were labeled using the genderComputer tool with enhancement from specified pronouns (right).
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i. FLOSS projects owned and managed entirely by firms are in general
neither significantly better nor worse at forming gender diverse
groups when compared to projects without corporate engagement.

ii. There is some evidence that FLOSS projects owned and man-aged
entirely by firms may be less likely to form culturally diverse
groups when compared to projects without corporate engagement.

A key takeaway for this research is that FLOSS contributors experi-
ence important differences between projects based on the presence of
corporations in them. When looking at behavioral data extracted from
FLOSS projects, we see that the presence of a corporation or company is
not associated with greater levels of diversity, even though some con-
tributors perceive corporations as having a positive influence on this
dimension of group composition. Organizations interested in affecting
change in FLOSS projects must reflect on why their own internal prac-
tices, norms, and/or culture have not already produced diverse collab-
orations. Meaningful action and policy relevant to internal dynamics is
paramount before any attempt to impose top-down measures on FLOSS
communities, which display sensitivity to control, is made in projects.
This is essential for not only influencing those communities, but also
ensuring the integrity and longevity of diversity as a commitment.

Communities of contributors who are especially oriented towards
software freedom rather than personal benefits and profit are unlikely to
respond positively when they perceive organizational actions as undue
or unjustified control. Surface-level actions without meaningful change
to organizational policy are seen as empty gestures centered on pre-
senting an image of inclusivity and concern for equity, rather than an
embodiment of such values. As one survey participant expressed, “I’m
displeased by GitHub’s move to rename the ”master” branch, I think it’s a
bullshit statement and it doesn’t solve any of our modern-day problems”
[GH11]. Research on diversity and anti-discrimination programs in the

workplace have shown that such initiatives, motivated by a desire to
protect public image and reduce legal risks, do not only fail to increase
diversity, they effectively reduce it further (Dobbin and Kalev, 2022).

The results of the GitHub data analysis suggest that company-owned
projects tend to have lower levels of country diversity. Even though
country diversity was generally high across all project types, it was
limited in certain continents and geographical regions––Africa, Oceania,
West and South Asia, and South America had lower levels of represen-
tation compared to North America, Europe, and East Asia. Organizations
interested in extending use of FLOSS and participation in projects to a
broader group may then want to consider ways that they can lower
barriers to contribution for these underrepresented populations. A sur-
vey participant provided an example of a relevant barrier that limits the
achievement of diversity:

“While open source is used worldwide, not everyone has the technical
ability or time to contribute. Being able to measure diversity in projects,
and work to improve it, would be a huge benefit to the broader open
source community. For example, much code is written by English-speaking
programmers, making it challenging for non-native speakers to follow
comments, method / function names, etc.” [SM34].

Addressing such barriers can then help move FLOSS towards greater
inclusivity at the global level. In this specific case, organizations can
intentionally devote resources to translation, allocating funds to services
and paying non-English speakers in underrepresented countries to sup-
port the completion of this work. Such an action would not only
immediately confer benefits to global labor, it could potentially have
cascading effects by providing access to a much broader audience.

The results of the RTA applied to participant responses regarding
their experiences and feelings towards corporations in FLOSS develop-
ment reveal that underlying motivational and reward differences for
working in varied contexts. In the first case, a subset of FLOSS contrib-
utors delineate the role of their economic needs and management-style
preferences. These participants note that their contributions to projects
with corporate engagement grant them immediate and more distal
benefits in the form of compensation and networks, respectively. They
additionally note that the management styles employed in projects with
corporate involvement ensure that they have access to personnel and
resources to enable the completion of their work.

In the second case, a subset of FLOSS contributors describe the im-
pediments of corporate management style to their work, making it

Fig. 8. The distribution of country diversity by project type, visualized with density plots.

Table 10
Summary statistics for country diversity by project types as measured using the
Blau index.

Statistic No Corp. Involvement Corp. Support Corp. Owned

Minimum 0.44 0.77 0.07
Median 0.82 0.86 0.84
Maximum 0.92 0.92 0.89
Mean 0.80 0.85 0.68

O.B. Newton and S.M. Fiore



The Journal of Systems & Software 217 (2024) 112163

13

needlessly laborious through increased bureaucracy and constraining
their ability to innovate due to top-down control. Further, they may
view the profit-based goals of the corporation to not be in line with their
personal values––improving codebases as a greater good––or the
broader values of openness and unrestricted use in the free software
development paradigm. This extends prior work in the organizational
sciences by elaborating the specific economic, organizational, and work-
related factors that drive observed membership change in technology
development, and provides evidence for a set of FLOSS contributor types
that can be differentiated along these three dimensions.

The importance of these dimensions and contributor types is more
salient when connecting them to the development of interventions to
improve diversity and inclusion in FLOSS. The former group appears
amenable to top-down interventions under conditions where they are
able to continue to derive economic benefits and resources to support
this work remain available. The latter group in contrast may reject top-
down interventions, particularly when they lack transparency and
leadership fails to make explicit how such interventions will produce
benefits for code quality. As such, we contend that developer and
community stance towards corporate engagement, which exists on a
spectrum from anti to pro, is an important dimension for firms to eval-
uate when considering top-down mechanisms for increasing inclusivity
in FLOSS projects. The findings presented here can inform future
research to test and develop interventions in FLOSS in order to make
advances in this important contemporary form of work.

The adoption of FLOSS development practices by organizations and
the growing number of collaborative multi-organizational/institutional
collaborative initiatives may indeed be useful in encouraging a more
inclusive, global workforce. Yet, organizations invested in making
change must practice care in pursuing such collaborations. In particular,
the responses of survey participants suggest that some corporations lack
social capital with respect to FLOSS communities (contributors and
users). Therefore, it is important for organizations to be judicious in
forming collaborations and to maintain the trust of those they choose to
collaborate with over time. Further, they should heed the advice given to
those seeking to participate in FLOSS development: thoroughly vet the
history of potential collaborators with affected communities.

Acquisitions in FLOSS ecosystems can also be quite disruptive
depending on the social-normative attitudes held by the FLOSS com-
munity and may produce a loss with respect to advances made towards
greater inclusivity and diversity. For example, Microsoft has a conten-
tious relationship with FLOSS communities, being an early opponent of
free and open source licensing. Following Microsoft’s acquisition of
GitHub, some survey participants shared that they migrated away from
the platform, while others braced for an inevitable departure, taking a
‘wait and see’ attitude as to when corporate ownership would impinge
on their values.

6.1. Limitations

6.1.1. Qualitative survey
Our study has limitations that should be acknowledged and may be

addressed in future research. The survey data collected in the study is
somewhat affected by sampling bias due to the open invitation approach
employed in the first phase of distribution. Invitations in the second
phase of survey distribution were based on an empirically-driven sam-
pling approach which served to minimize this bias. Related to the
sample, the demographics of the survey participants are relatively
representative of the study population but do not necessarily capture the
experiences of underrepresented groups in FLOSS development. Future
work can aim to recruit FLOSS contributors from underrepresented
groups more directly, including marginalized genders and the Global
South.

6.1.2. Quantitative project analysis
Although our sample was carefully selected using a coverage

algorithm that maximizes representativeness, our final sample may not
have included every possible scenario for corporate involvement. It was
not feasible for us to qualitatively label all projects in the GHTorrent
data dump according to level of corporate involvement. The distribution
of project information across the internet limits this labeling. For the
final sample, we focused on labeling projects according to their status at
the time of data collection. While this enabled us to form distinct cate-
gories based on project involvement, it did not take into account changes
to status over time. For example, one project in the receives corporate
support category was initially owned by a company but shifted to release
of company ownership and only received support when we collected the
data. Nonetheless, the corporate involvement categories constructed in
this research were associated with statistically significant differences in
sustained participation. This limitation also points to opportunities for
future research to develop automated labeling (e.g., with natural lan-
guage processing, language models, and web scraping) and examine
status changes over time to represent the full spectrum of corporate
involvement.

The gender of contributors in the sampled GitHub projects was
inferred through limited information provided in user profiles. In March
of 2023, GitHub announced that users could add pronouns to their
profile6. Such user-provided information can potentially be leveraged to
enhance classification in studies of gender and group diversity. The
utility of this feature for research on gender is constrained by the extent
to which users choose to adopt it. In this study’s sample, only 7% of
GitHub contributors chose to add pronouns to their profile. Still, the
enhancement of gender labeling afforded by pronouns produces some
differences in observed diversity levels as it enables analysis beyond a
gender binary. Ultimately though, pronouns, like names, are informa-
tive but uncertain proxies for gender. For example, a non-binary indi-
vidual may choose to use a set of gendered pronouns (e.g., she/her), or a
blend of gendered pronouns (e.g., both he/him and she/her) with or
without gender-neutral pronouns. Pronoun information can only be
accessed with an authenticated account to protect the privacy of users7.
Greater adoption of pronoun use by platform users may serve to improve
the precision and representation of gender in future research, but pri-
vacy protections should be considered if data are to be publicly shared.

7. Conclusion

We examined differences in participation diversity between projects
with different organizational structures and control mechanisms,
showing that they vary in terms of both perceived and actual openness
and inclusivity. The qualitative component of this research revealed
subgroups among FLOSS contributors in terms of values and goals: study
participants report that they are guided by a desire to reap personal
benefits or maintain codebases as a social good. In other words, FLOSS
contributors may potentially be differentiated on the basis of their
orientation toward personal gain or collective good. Prior research on
diversity has examined individualism and collectivism on the basis of
geographically-based culture differences and its association with
behavior in online programming communities (Zolduoarrati et al.,
2022). Our work provides understanding of an orthogonal dimension to
consider as members of individualistic cultures can be oriented towards
collective good or personal gain. The behavior of developers observed in
platforms may thus reflect the interaction of individual orientation
(personal versus collective) and cultural orientation (individualistic or
collectivist).

The results of the quantitative component research suggest that
variations in participation likely occur on the basis of corporate
involvement. While there was no evidence of differences along the

6 https://github.blog/changelog/2023-03-01-add-pronouns-to-your-github-
profile/
7 https://github.com/orgs/community/discussions/78811
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dimension of gender, some evidence was found that projects with no
corporate influence exhibit higher levels of openness along the dimen-
sion of geographical location, as they had among the highest levels of
country diversity. Future research can investigate how recruitment and
hiring policies may influence such differences in geographic participa-
tion. Altogether, this study suggests that to differentially influence
participation and both encourage and maintain diversity in FLOSS
projects, it is important to develop strategies that are appropriate for the
stances and orientations of the contributor base.
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