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Open source communities hosted in large foundations operate in a complex socio-technical ecosystem, which
includes a heterogeneous mix of projects and stakeholders. Previous work has thus far investigated the
challenges faced in OSS communities from the point of view of speci�c stakeholders, primarily at the level
of individual projects. None have yet studied the challenges faced within a large, federated open source
organization. In this paper, we aim to bridge this gap to identify ongoing challenges contributors face in
a mature OSS organization. To do so, we surveyed 624 contributors at the Apache Software Foundation
(ASF) and ran 11 semi-structured follow up interviews. We validated our �ndings through member checking
with the interviewees as well as the ASF Diversity and Inclusion (D&I) committee. The contributions of this
paper include: (1) an empirically-evidenced conceptual model of the 88 challenges that contributors face in a
mature OSS foundation and (2) a set of 48 community-recommended strategies for alleviating these challenges.
Our results show that even well-established and mature organizations still face a variety of individual and
project-speci�c challenges and that it is di�cult to design a comprehensive set of processes and guidelines to
match the needs and expectations of a diverse and large federated community. Our conceptual challenges
model and associated strategies to mitigate them can provide guidance to other OSS foundations and projects
helping them in building better support processes and tools to create a successful, thriving community of
contributors.
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1

INTRODUCTION

Since the 2000’s, we have seen the rise and wide adoption of open collaboration communities [29]
with a peer-production model [4, 22]. In this model, large communities, distributed around the
world, collaborate to create knowledge-intensive goods mediated by collaborative platforms [29, 81].
Examples of such communities include Wikipedia, some crowdsourcing initiatives, and Open Source
Software (OSS) projects.
Open source communities are an exemplar of this peer-production model, where individuals
asynchronously collaborate in a complex socio-technical ecosystem, which comprises interdependent OSS projects that themselves exist in the context of larger organizations such as, the
Apache Software Foundation (ASF), the Cloud Native Computing Foundation (CNCF), and the
Linux Foundation, to name a few. Such foundations are federated organizations including a mix
of individual projects and a variety of stakeholders. Some of these projects produce cutting-edge
technology that compete with tech startups, while others develop technology that has gone through
decades of evolution with legacy code and mature infrastructures. OSS projects in such foundations
also include a mix of paid and volunteer contributors working either in standalone OSS projects
or open source arms of commercial companies [67, 94], resulting in a variety of motivations
and pathways for contributing [38, 58, 115, 118]. Therefore, OSS becomes a unique environment
which mixes volunteer and paid contributors from a variety of locations and cultures [88, 130],
adopts a meritocratic-intensive structure [89], and extreme transparency [15], making it a di�erent
environment than those corporate settings studied by management literature [36, 80, 84]. Such
heterogeneity in contributor goals, project ideals, and underlying infrastructure creates an ecosystem of projects where contributors sometimes have to reconcile contrasting legal mandates and
contribution philosophies [23], as well as manage outdated documentation and project-speci�c
cultural issues [79].
The challenges arising from such patchwork of di�ering contribution philosophies, project
visions, and infrastructure in a foundation exacerbates the already di�cult task of contributing to
OSS and can drain contributors enthusiasm and motivation [93]. This can then in turn a�ect the
health and success of the community. Given that the health of the community is what de�nes a
successful open source ecosystem [11, 13, 37], it is important to understand the challenges contributors
face in large, heterogeneous OSS organizations.
While past works have identi�ed challenges that contributors (e.g., newcomers [48, 71, 103],
one-time contributors [58], mentors[2]) face in individual projects, a comprehensive understanding
of the ongoing challenges in large and well-established organizations is under-explored. Closing
this gap in our understanding is important to help organizations design strategies, processes, and
tools, anticipate potential challenges, and uncover hidden problems. This understanding will not
only help these large OSS foundations, but also individual projects that aim to grow, mature, or
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assemble into large ecosystems. Therefore, in this paper we investigate the following research
questions:
RQ1. What are the ongoing challenges in contributing to a mature OSS organization?
Although research works have put a spotlight on the myriad challenges that OSS faces, there
is a lack of a comprehensive conceptual model that compiles the challenges faced in a large OSS
organization and it is not clear what strategies and resources are available to the community to
mitigate these challenges, mainly those that occur at a Foundation level. Therefore, it is important to
hear from the community to identify strategies that they believe will help mitigate these challenges.
To do so, we pose our second research question:
RQ2. What strategies can alleviate the challenges to contribute to a mature OSS organization?
To answer our research questions, we worked together with the Apache Software Foundation
(ASF) to conduct surveys and interviews in their community. ASF is an appropriate case study
since it is the “world’s largest open source Foundation” [31], which in 2020 celebrated its 20th year
anniversary and boasts 227M+ lines of code in stewardship across 350+ projects and initiatives.
Moreover, the ASF is committed to better support their community by identifying and mitigating
the challenges their contributors face.
In this study, we partnered with the ASF Diversity and inclusion (D&I) committee [34]. We
started our research by designing and deploying an online survey with 600+ respondents. The
survey was designed in collaboration with the D&I committee and the ASF community at large. We
followed up the survey results with 11 interviews to get a deeper understanding of the challenges
and the strategies they recommended to overcome the challenges. Using the tenets of grounded
theory, we qualitatively analyzed the data from 223 contributors who reported facing ongoing
challenges. We then validated our results via member checking with our interview participants
and the ASF D&I committee.
Our analysis provided an empirically-evidenced conceptual model of the challenges faced by
contributors across three dimensions (Process, Technical, and Social), as well as across the three
layers of the Groupware model proposed by Grudin [43]: Individual, Project, and Organization
levels. Our results uncovered a set of 88 challenges and a set of 48 community recommended
strategies to mitigate these challenges.
The key contributions of our work include:
• An empirically-evidenced conceptual model of 88 ongoing challenges that OSS contributors
face categorized into three levels: Individual, Project, and Foundation.
• The �rst study that investigates the challenges contributors face at the level of a large,
federated OSS organization, such as the ASF.
• A set of 48 community-recommended strategies to mitigate ongoing challenges that contributors face, that other peer-production communities and OSS projects can adopt.
2

RELATED WORK

Open collaboration communities collectively produce artifacts in online environments and need a
low barrier to entry to be successful [29]. With the goal of mitigating barriers, researchers have
been identifying challenges and proposing strategies to facilitate participation in these communities.
For example, Wikipedia has been the subject of several studies. In particular, Halfaker et al. [46]
and Suh et al. [110] investigated the negative e�ects of the number of edit reverts and Zhu et al.
[131] investigated the e�ects of negative feedback. Halfaker and Geiger [45] proposed an approach
to mitigate some of these challenges. Challenges have also been investigated in the context of other
online communities [54, 56, 122].
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Despite sharing similarities with these open collaboration communities, OSS communities have
their unique challenges and characteristics. For example, the artifacts in OSS are technically complex and interdependent and require complex technical infrastructure to compile and run. Further,
the development communities are often part of a larger environment that involves companies,
foundations, and a mix of paid contributors and volunteers. OSS projects also considerably di�er
from traditional software development organizations in terms of incentives, control, and coordination mechanisms [118]. Traditional organizations rely on pay and career incentives, and other
bene�ts stipulated as part of employment contracts [84]. In OSS, contributors participate due to a
variety of motivations [38, 118] in a community with distinct governance models, with di�erent
levels of control and coordination structures [89]. Additionally, social practice of OSS development
is permeated with ethical and ideological aspects [118]. Finally, participation in OSS includes a
high degree of transparency in the form of visibility of actions on public artifacts and involves a
community of geographically dispersed contributors [15]. Therefore, speci�c work is necessary to
investigate the challenges to contribute in this complex and unique environment.
Indeed, previous work has investigated OSS-speci�c contribution challenges [49, 52, 98, 99].
Steinmacher and colleagues [97, 99] conducted a mixed-method study and identi�ed 58 barriers
faced by newcomers. They relied on data collected from newcomers, core members, and the
literature [104] to categorize the challenges. Lee et al. [58] and Pinto et al. [85] investigated
the challenges faced by one-time contributors while Balali et al. [2] focused on OSS mentors.
Researchers have also investigated speci�c types of challenges. For example, toxic environment
have been studied in literature [7, 68, 83, 86], where OSS project members have been found to
be unfriendly, unhelpful, or behave as elitist [108]. Jensen et al. [52] analyzed the speed at which
emails sent by newcomers are answered as well as the role played by gender or nationality in
the kind of answers newcomers receive and the reception they face. Similarly, previous work by
Steinmacher et al. [106] analyzed how the answers to newcomers’ �rst emails in�uenced their
retention. Gousios et al. [40] reported challenges related to politics or how a project is governed.
Finally, Yu et al. [128] found that shortcomings in project regulation and administration are key
reasons for volunteers’ dissatisfaction and dropouts.
Previous work has also investigated the e�ects of such challenges on turnover. Past works have
found that a majority of newcomers (as high as 80% in some projects) do not become long-term
contributors [106]. Pinto et al. [85] found that almost half of the contributors of a project submit
a single contribution and do not go back [85], and many participants never have a pull request
accepted [101]. Researchers have also reported on the negative in�uence of this high turnover
on team cognition and performance [62, 63], and its costs on the project and society [35, 41].
Software engineering-speci�c literature has also shown that developers’ turnover harms software
development projects [3, 47, 80]. The literature has also shown that projects with high turnover are
less successful [47] and projects that retain developers for longer periods increase the knowledge
base and expertise [94, 129]. Researchers have also shown that developers’ turnover impacts
software quality [30, 75, 76]. To better understand how to retain contributors, Lin et al. [65]
investigated which development activities in�uence continued OSS contributions and Lee [60]
showed that job satisfaction strongly in�uences turnover intentions.
Our work is complementary to many of these works. The goal here is to create a comprehensive
conceptual model of the challenges that contributors face even after overcoming the initial hurdles
of being a newcomer, and focuses on a case study of a mature, long living community with well
de�ned contribution processes. Our comprehensive model con�rms the existence of challenges
that past works have identi�ed, but also �nds new ones and places these in the context of three
lenses: challenges faced at the individual, project, and foundation levels.
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Many works have raised the issue of low diversity in OSS when considering gender [7, 113,
116], language [108], as well as location [108]. Past work has shown that diverse teams are more
productive [116], but currently there are several inherent biases in technical peer-production sites,
like Stack Over�ow [28], including biases in the tools [71, 82], how discussions are handled, and
the kinds of contributions that are well recognized [115]. Diversity is also the focus of research
in Wikipedia [64, 91, 112, 120]. A survey conducted by the Wikimedia foundation in 2020 [74]
showed that only 12% of their contributors are women. This lack of diversity brings issues with, for
example, the way women are portrayed in their biographies reported in the encyclopedia [119]. As
already mentioned, the goal of this paper to create an overview of challenges faced by contributors
across all demographics in a large organization.
Many works have sought out strategies to help with turnover, with a majority of them focusing
on newcomers [14, 95, 100, 105, 121, 124]. Mentoring is one such strategy to onboard newcomers
to online communities [51, 78, 107]. Balali et al. [2] also identi�ed strategies that mentors use to
alleviate challenges that a�ect mentors and/or newcomers. In a more recent work [1], these authors
identi�ed challenges and strategies speci�c to recommending tasks for newcomers. Although the
literature provides an overview of challenges for speci�c stakeholders and go deep on speci�c
challenges, the current body of knowledge focuses on a project-level perspective. As observed by
Lee and Paine [59] and Grudin [42], there is an emphasis in CSCW literature on the individual
and project levels, with the organization view remaining under-investigated. To the best of our
knowledge there is no systematic identi�cation of challenges and strategies from an organizational
perspective in OSS. The present work adds to the literature by investigating a large and mature
OSS foundation—the Apache Software Foundation.
3

METHODOLOGY

The data collection and validation used in the study included three phases: online survey (phase
1), follow-up Interviews (phase 2), and validation via member checking (phase 3).In each of these
phases we collaborated closely with the ASF.
We used the Apache Software Foundation (ASF) as our case study as it is the world’s largest
OSS Foundation with more than 460k people and more than 350 projects and initiatives [31]. The
ASF also presents an ecosystem that captures challenges across all the three levels of Grudin’s
groupware model [43]: individual, project, and organization. Finally, the D&I committee at the ASF
seeks to understand the state of diversity at the ASF and the challenges faced by its community,
and closely collaborated with us in the study design and execution.
3.1

Phase 1: Online Survey
Three researchers performed
Axial coding
Survey design

Phase 1

8.5 %
response rate

223/ 624 reported
facing challenges

Open coding
and constant comparison
Conceptual model
of challenges
and strategies

Community
feedback

Survey
published

353 open-ended
responses
Negotiated agreement

2 months

1 & 1/2 months

Weekly feedback from
the research team

4 months

Fig. 1. Overview of the survey methodology (phase 1).

Phase 1 describes the survey design, data collection and analysis (see Fig. 1).
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Survey design: We engaged with the ASF D&I committee —which is composed of 18 experienced contributors who have di�erent roles within the foundation including committers, Project
Management Committee (PMC) and board members—and the community at large in designing the
survey questions. We drafted the initial set of questions by leveraging questions from past surveys
in OSS such as, the 2016 ASF Committer Diversity Survey [33], Open Demographics Survey [17],
OpenStack Gender Diversity Report [5], Stackover�ow Members Survey [96], and best practices
recommended by the Linux Foundation’s Community Health Analytics Open Source Software
(CHAOSS) D&I Working Group [87]. We then collected feedback from the ASF in a two-month
window in the following manner. We shared the survey questions as a Google document with
the ASF community, anyone who had an ‘apache.org’ email could access and comment on the
survey questions and collected feedback as comments. We used di�erent channels to reach out
to the community for feedback (e.g, JIRA ticket, developers mailing list, ASF slack/D&I channel).
After multiple iterations of resolving the comments provided by the community and editing the
survey, we scheduled a two-hour listening session with the Apache community to collect additional
feedback on the survey questions. We edited the consent form to include the statement that data
would be handled as per Apache Privacy Policy and updated the survey questions based on the
feedback we received. We reworded some questions and options to make them more inclusive to
an international audience and the di�erent genders (e.g., changed ‘non binary’ to ‘gender variant,
non conforming/ non binary’). Additionally, the compensation question was edited to include
all the di�erent compensation options possible in the ASF projects. We also took out the two
‘socio-economic’ status questions as these were perceived to be sensitive. Finally, we removed a
ra�e option (for improving participation) because of the legality of being able to provide ra�e
options equally across all countries. (See the supplementary material [44] for the list of survey
questions, feedback summary, and corresponding changes).
Survey Data Collection: We used LimeSurvey, licensed GPL version 2 or later, as a distribution
platform as it is the world’s leading open source survey software. We invited ASF committers to
participate by sending emails to every ‘apache.org’ email address and shared a link through the
ASF developer mailing lists. When starting the survey, participants were presented with a consent
page that described the goal of the survey, the data collection and handling policy, and who to
contact. The survey followed an opt-in strategy where participants started the survey if they agreed
to voluntarily participate after reading the consent form (see supplementary material [44]). The
survey was open for 45 days.
We received 624 responses to our questionnaire, resulting in a response rate of 8.5% based on a
considered total community size of 7500 contributors. We maintained the data con�dentiality as per
Apache Privacy Policies. No identi�able information or IP addresses were collected. In cases where
participants provided their email address for follow-up interviews, these were stored separately
from their responses.
Out of the 624 respondents, 223 reported that they faced challenges. From these 223 people,
221 openly reported what challenges they faced and 132 mentioned recommended strategies to
overcome the challenges. We present the demographics of these 223 participants next.
As Fig. 2 shows, the majority of our 223 survey respondents are volunteers who identify as men
(86.5%) and are senior contributors with three or more years of experience at ASF (77.1%). They
reside in 35 di�erent countries located in six continents with the majority based in the US. Most of
our respondents reported some level of higher education (master’s degree 46.2%, undergraduate
32.7%) and are “very con�dent” about their English pro�ciency skills (55.7%).
Survey analysis: We followed the principles of grounded theory [109] to qualitatively code
and analyse the open responses in the survey. Three researchers performed the analysis, by �rst
independently coding 353 responses to the open-ended questions (221 challenge and 132 suggestion
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Compensation

Over 10 years (26.9%)
6 to 10 years (25.6%)
3 to 5 years (24.7%)
1 to 2 years (14.8%)
< 1 year (8.0%)

1 square == 2 people

Unpaid only (35.1%)
Mostly paid (23.0%)
Mostly unpaid (17.1%)
Paid only (16.7%)
An equal mix (8.1%)

1 square == 4 people

English Proficiency

Education

Master (46.2%)
Undergraduate (32.7%)
Ph.D (9.4%)
Technical training (6.3%)
No college (5.4%)

Very confident (55.7%)
Confident (22.2%)
Average (14.9%)
Not confident (7.2%)

1 square == 4 people

Gender

1 square == 4 people

Man (86.5%)
Woman (6.3%)
Other (7.2%)

1 square == 4 people

Fig. 2. The background of the 223 survey participants who reported facing challenges.

responses) via open coding with constant comparison method [36, 39], where emerging codes are
compared with existing codes, and then met to discuss their codes and reach negotiated agreement.
This process consisted of daily iterations in a three month period. Each researcher performed an
iterative process of inductively coding the open-ended questions for one participant at a time and
built post-formed codes as the analysis progressed and associated them to respective parts of the
open-answer text. At this stage our aim was to code the challenges and strategies according to
the participants’ discourse, and not according to any preconceived data. When the codes were
considered ready by each independent researcher, the three researchers met to discuss their codes
and reach a negotiated agreement (these meetings were held at least three times a week). During
the negotiated agreement meetings, the three researchers compared and discussed their codes
for each participant’s open-ended questions. For example, if the researchers identi�ed the same
challenge, but called it di�erently then we re�ned the code nomenclature. And if the disagreement
was about the code that was used then it was resolved by re�ning the code set in the following ways:
Merging two codes together, identifying a di�erent granularity level for the codes in disagreement,
or checking if the newly emerged code identi�ed by a researcher �ts under an existing code.
After completing the open coding, the �rst author performed daily iterations of axial coding
[6, 12] during a one month period to organize the post-formed codes and draw connections between
the di�erent codes and categories of the challenges and associate the strategies to the corresponding
challenge categories. The axial coding iterations were paired with weekly feedback meetings with
the whole research team.
3.2

Phase 2: Follow up Interviews

Fig. 3, depicts the interview design, data collection and analysis steps. After building the conceptual
model of challenges and strategies, we wanted to corroborate our �ndings. To do this, we designed
a semi-structured interview script and sandboxed it with the research team. For the interviews
we �rst identi�ed survey respondents who had agreed for follow up conversations. From this
set of 69 respondents, we randomly selected a set of 20 interview participants to balance the
demographics distribution, as listed in Table 1. We reached out to the participants via email and
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Phase 1 Conceptual model
of challenges and strategies

Interview design

Two researchers coded the
challenges and strategies

Phase 2

Two researchers ran
11 semi-structured
follow up interviews

Transcriptions

Sandbox interviews

Negotiated agreement

1 month

3 months

1 month

Fig. 3. Overview of the interviews methodology (phase 2).

were able to schedule 11 participants for online interviews. Two researchers ran the semi-structured
interviews: one researcher led the interview while the other observed and took notes. Before each
interview we obtained their consent to being audio recorded. During the interview, we asked the
participants three main questions regarding their current work at ASF, the challenges they face
and the strategies they suggested (see supplemental material [44]). Depending on the participants
response we would follow up with speci�c questions; for instance, prompting the participants to
provide more information about the challenge they mentioned. The interview lasted between 30
minutes to one hour, after which, we thanked our participants and compensated them with a $50
gift card or its equivalent in donation to the OSS project/organization of their choice.
Table 1 displays the diverse set of demographic attributes of our interview participants. We
interviewed four women contributors, �ve men and two contributors whose gender we cannot
disclose to maintain their anonymity. Our interview participants had di�erent education levels
with �ve interviewees having an undergraduate degree, �ve with master’s degree and one who
had a Ph.D. The interviewees were from the United States (four participants) and Europe (seven
participants from Italy, Russia, Germany) with di�erent English pro�ciency levels.
Interview Analysis: During a one month period, after transcribing the interviews, the �rst
and second authors independently coded the challenges and strategies for each interviewee. The
interview analysis process was similar to the survey data analysis, except that the code set from
the survey was used as a starter code set. For each interviewee, the two researchers identi�ed and
coded each excerpt that described a challenge or a strategy. This process consisted of associating
an excerpt with post-formed code from the survey when applicable and adding new codes when
new challenges or strategies emerged.
Twice a week, the two researchers met to discuss their coding of each interviewee to reach a
negotiated agreement. We reached saturation after the fourth interview where no new challenges
or strategies were identi�ed. Finally, the research team held three one hour meetings to discuss
and get the conceptual model ready for the validation phase.
3.3

Phase 3: Member Checking

To validate our �ndings, we performed member checking in two steps (see Fig. 4 ). First, with our
interviewees. We contacted each participant via email and shared the interview �ndings in a Google
document, which was personalized per interviewee with detail about the challenges and strategies
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Table 1. Interview participants’ demographics
ID
I-1
I-2
I-3
I-4
I-5
I-6
I-11
I-14
I-16
I-18
I-20

Gender
Man
Man
Woman
Woman
can not disclose
can not disclose
Man
Man
Woman
Woman
Man

Education
Undergraduate
PhD
Undergraduate
Undergraduate
Undergraduate
Undergraduate
Masters
Masters
Masters
Masters
Masters

English Pro�ciency
Average
Very con�dent
Con�dent
Very con�dent
Very con�dent
Very con�dent
Not con�dent
Very con�dent
Con�dent
Very con�dent
Very con�dent

Compensation type
A mix but mostly paid
A mix, but mostly unpaid
Unpaid only
An equal mix of paid and unpaid
a mix but mostly paid
Unpaid only
A mix, but mostly unpaid
Unpaid only
Unpaid only
An equal mix of paid and unpaid
An equal mix of paid and unpaid

Residence
Russia
US
Germany
Ireland
US
US
Italy
Japan
Germany
US
UK

they discussed. 10 of the 11 interview participants gave us their feedback by directly commenting
on the shared document (four interviewees), responding via email (two interviewees), or scheduling
a 10 minute online meeting with the �rst author (four interviewees). Second, we validated our

Interview member checking

Phase 2

Phase 3

Phase 11
Phase

Updated and triangulated
challenges and strategies

Final conceptual model
D&I committee validation

Three additional discussion meetings
with research team

Fig. 4. Overview of two steps member checking methodology (phase 3).

�ndings with the D&I committee at ASF. We shared a Google document, which was open for 14
days, detailing the conceptual challenge model and the community driven strategies. We used both
the mailing list and the slack channel to broadcast the document and received feedback. No one
added any additional challenge or strategy or made any suggestion for changes. An additional read
out of the results to the ASF community at large is planned in the future.
4

OVERVIEW OF THE CHALLENGES

Our results from the survey and interviews showed that contributors in the ASF face a variety
of challenges (88) and recommend a number of strategies (48) to overcome the challenges. We
categorized the challenges according to the level at which they occur, as described by Grudin [43]:
Foundation, Project, and Individual (see rows in Fig. 5). We categorized a challenge at a speci�c
level if the participant explicitly mentioned the level. For example, [S-550] explicitly mentioned
that the challenge they faced is related to the ASF: “ASF policies for contributing, hosting, backwards
compatibility were too restrictive”. In cases where a level was not explicitly mentioned, we determined
the level based on who has the agency to resolve the challenge: “It’s also not super clear how the
idea of ’rough consensu[s]’ works...and how to proceed if ’rough consensus’ cannot be reached”[S-404].
In this instance, we labeled the challenge at the Foundation level because the voting process is a
fundamental aspects of the Apache Way and any changes to it has to be Foundation-wide. The
supplementary document [44] provides the full list of challenges, with challenges at di�erent levels
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di�erentiated via colors. The challenges at each level were further divided into three dimensions—
Process, Technical, and Social—based on where the challenges arose from (see columns in Fig. 5).

Foundation Level

15

8

10

Project Level

11

9

14

Individual Level

7

7

Process

Technical

7
Social

Total

Fig. 5. Distribution of the challenges across the three dimensions (Process: 33, Technical: 24, Social: 31) and
levels (Foundation: 33, Project: 34, Individual: 21). Bubble sizes represent the number of challenges found per
dimension-lens (See supplemental material [44] for more details of each challenge).

As Fig. 5 shows the majority of challenges reported by participants occur at the Foundation (33)
and Project (34) levels. Thus, investigation of organization-level challenges, an under-explored
research area, and mechanisms to overcome them is important for e�ective functioning of large
peer-production sites. The majority of challenges at the Foundation level were related to processes,
followed by social interactions, and then technical. This distribution of the type of challenge varies
at the di�erent levels. At the Project level, Social challenges were the most reported followed by
Process and Technical. At the Individual level, these three were equally represented.
In the following sections, we discuss our results. For each category of challenges, we present
some examples of the challenges, the levels at which they occur, and the strategies recommended by
the community to mitigate them. For the full list of the challenges and community-driven strategies
see supplemental material [44].
5

PROCESS CHALLENGES AND STRATEGIES

Processes are crucial in making any organization successful [18]. This is especially true for OSS
because of its globally distributed, (usually) voluntary peer-production nature. Speci�cally, contribution processes in OSS are a key factor in helping projects to attract and retain contributors [126].
E�ective processes are needed not only for new contributors joining projects [21], but also for the
teams to be productive [127].
Participants reported �ve types of process-related challenges: “Navigating the contribution
process”, “Reception Issues”, “Getting started in a new project” and “Licenses”. In the following
section, we discuss the challenges in “Navigating the contribution process” as they account for 70%
of the challenges.
5.1

The Apache Way

The Foundation provides a set of governing principles that drive the contribution philosophy and
processes of its projects, which are known as the Apache Way. The Apache Way has been re�ned
over the past 20 years and a�ect some of the largest and longest-lived Open Source Software
projects that have revolutionized the industry. A core principle of the Apache Way is: “There is
no ‘one way’ to the Apache Way. The ASF is not dictatorial and will never compel a rigid path to
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Challenge mentioned in survey and interviews
Challenge mentioned only in interviews
Challenge also found in newcomer literature [99]
Foundation

Communication overhead

Project
Individual

Reaching consensus
Operating small projects

Blurry specificity between foundation & project
Apache Way

Confusing voting process
Different governance among projects
Confusing/ restrictive policies
Time consuming to propose features

Unclear process
Bureaucratic & tedious process
Navigating the contribution Process

Incubation process

Compliance & project ascension to top level
Lack of active project mentorship
The process of adding committers is tedious & confusing
Legal process is time consuming

Process

Navigating hierarchical structure
Release hurdles
Commit process
Maintaining contribution flow
Contributing to ASF Projects

Delay in getting contributions accepted/reviewed
Everything is public and permanent
Transitioning from a user to a contributor

....

Adapting to coding as a part of the community
Getting contribution accepted
Issue to create a patch

Fig. 6. Challenges related to Navigating the Contribution Process at three levels: Foundation (orange), Project
(blue) and Individual (green). The underlined challenges are discussed in the text.

implement our process” [32]. While this allows projects the �exibility to interpret the Apache Way
philosophy to best �t their vision, it is at the same time challenging for projects and contributors
to �gure out how to adopt it. [S-337] “each time I start to contribute, I have to spend nontrivial time
to learn a *new* policy”.
Fig. 6 shows seven challenges associated with the Apache Way, one of which relates to the Voting
process, especially for reaching consensus. As [S-404] mentioned: “It’s also not super clear how the
idea of ‘rough consensu[s]’ works...and how to proceed if ’rough consensus’ cannot be reached”. This
is especially frustrating since con�icting views appear based on the interpretation of the Apache
philosophy. As [S-186] says: “we sometimes make a decision, then sometimes some ASF member shows
up, saying this is not possible because of rules. Reading the rules is not working for us. We then try to
guess what the spirit and the intend of the rule is, and try to live up to this spirit" .
5.2

The Incubation Process

The Apache Incubator [19] aims to ease the transition of standalone OSS projects or commercial
projects into the ASF, by guiding new “podling” projects on how to adopt the Apache Way and
graduate to top-level ASF projects. However, the incubation process is challenging for the onboarding projects despite the ASF providing services and mentors to help with it. Fig. 6 reveals �ve
challenges (Foundation). One of them arises because of the �exibility a�orded by the Apache Way
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and a lack of clear guidelines on how to implement it, which makes it di�cult for new projects to
understand how to convert their processes to match the Apache Philosophy [32]. As [I-2] explains
“when somebody comes in and says, Well, what does it take to become an Apache project? The only
actual true gospel answer is well, it really depends. And there’s no single answer.”
Even when projects managed to navigate the unclear incubation process, it can be bureaucratic
and tedious making it inconvenient. As [S-615] explains: “You have to label your project as ’not ready
yet’ literally everywhere (incubating in releases version, repositories, websites, etc) independently of
the prior maturity of your project outside the incubator [despite] inconvenience to the project users and
contributors”. Finally, to become a top-level ASF project, it needs to prove its compliance to the ASF
policies and licensing conditions, which is di�cult.
5.3

Contributing to ASF projects

Aside from foundation guidelines, joining an ASF project as a contributor presents its own set of
speci�c challenges, as presented in Fig. 6. These 11 challenges span all three levels: Foundation
(three), Project (three), and Individual (�ve).
One of these challenges is the lack of clearly de�ned legal processes in getting a commercial
project inducted into thr ASF and the delays associated with it, which can be especially tedious when
reconciling licenses between commercial companies and OSS (Foundation). As [I-6] explained: “in
[project name], the challenge [is] bringing the [code] from the [company name] into ASF, there’s a lot of
legality involved. And that requires a wait period...So that require quite a lot of hand holding”. Delays
can also occur in an already inducted project because of the way project roles are hierarchically
structured within the ASF, making it di�cult to understand the requirement of transitioning from
one role to another. As [S-404] reported: “It was also not completely clear what extra tasks I had
to do to complete my transition to becoming a committer as well as becoming a PMC member later
down the line”. Code contributions too can face delays at the Project level. For example, there is
delay in getting contributions accepted, requiring contributors having to follow up multiple times,
sometimes to no avail. As [S-480] and [S-339] reported: “project was inactive-bug report/patch was
ignored until I’ve pinged the PMCs” and “it was sometimes a struggle to �nd a person that is available”.
Challenges in contributing to ASF projects do not stop at the Foundation and Project levels, but
also continue at the Individual Level. Adapting to coding as part of a community takes time and
sometimes a paradigm shift. As [S-655] reported: “switching from one-man coding to a community
approach is sometimes hard”. Even after adapting to coding as a community, getting contributions
accepted can be non trivial. As [S-326] said: “It was hard to convince the project committers in my
decisions and why they should have accepted my code”.
5.4

Strategies

Table 2 presents strategies to tackle the above challenges. At the Foundation level, �exible guidelines
(e.g., the Apache Way) are bene�cial as they allow projects freedom, but such �exibility can
lead to di�ering interpretations and cause confusion. Participants recommended supplementing
the “Apache Way” �exibility with a clear and understandable introduction to the Foundation’s
philosophy and principles. A strategy is to provide an easy-to-consume, modern introduction to the
ASF (see Table 2, row 1). As [S-147] explained: “We need a video guideline on Youtube or somewhere
else to introduce the process of the basic principle of ASF”.
In addition to clarifying the Foundation’s philosophy, participants also felt the need for clear
guidance on speci�c governance processes, such as the voting mechanism (see Table 2, row 3). As
[S-404] recommended: “More guidance on the voting process and how the process of rough consensus
is supposed to be reached and what to do in cases where it cannot be reached”.
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Table 2. Strategies for Navigating the Contribution Process. The *starred strategies are the ones discussed in
the text. The source is indicated by: (S&I) for survey and interviews, (S) for surveys, and (I) for interviews.
Challenges for Navigating
the contribution process

Strategy
*Modernize introduction
to Apache (S)
Provide regular
training on ASF (S)

Apache Way

*Provide clear guidance
on the governance process (S&I)
Give projects
more agency (S)

Incubation
Process

Make becoming a
reviewer equitable (S)
*Provide sample success paths
to guide through incubation (S&I)
*Remove negative stigma
involved with "incubation" status (S)

Provide training on
contributing to ASF projects (S&I)

Contributing
to ASF projects

Encourage knowledge
transfer (S&I)
*Democratizing
open source licensing (S)
Improve the code
reviews process (S&I)
Provide training and
best practices tools
for reviewers (S&I)

Description of strategy
Provide a welcome pack, ASF movie,
videos, and presentations
Provide training and workshops about
ASF principles, community building,
and project funding
Provide information about the voting and
about how consensus is reached, publish
the hierarchical structure
Standardize ASF general policies, but give projects
more agency to deviate from the ASF guidelines
– provide the �exibility to accommodate
di�erent ways of working
Ease the process of becoming a reviewer and
provide automatic setup system for new contributors
Provide prescriptive guidelines for
new projects to follow
Recognize the project merit during the
incubation process and have mentors
take on the guiding hat instead of
the assessment hat
Hand over contribution process and guidelines
about both GitHub and non-GitHub projects
through videos, provide templates and
instructions to �ll issues and pull-requests
and publish troubleshooting pages
Enable between projects knowledge transfer
Making OSS licensing more accessible to
everyone and provide guidance on when
to use the di�erent licenses
Ease the review process,
provide a template walkthrough
script that prompts questions
Provide training/ best practices
on how to provide welcoming
actionable reviews

The compliance to the Foundation policies is not only important for existing projects, but also for
incoming projects. One way to help these projects graduate to top level is to clarify the incubation
process by providing examples of successful projects. As [I-2] recommended: “[I] made the incubator
be a little bit more prescriptive... prescriptive in the sense of here’s one successful path”. Given that
the incubation process is lengthy, participants felt that the community should recognize the e�ort
during the incubation process and avoid the stigma associated with being a “podling" project. As
[S-615] suggested “Avoiding using the label ‘-incubating’ as synonymous to ‘not worthy yet”’.
Finally, challenges to contributing exist even for projects that are already part of the ASF. For
instance, the lack of clearly de�ned legal processes can cause delays. The community recommended
democratizing open source licensing to help with this. For example, [S-404] suggested providing
“more guidance on how to �gure out if a particular project’s license means it can be legally used... and
the di�erence between licenses that can be vendored and used in a project”.
6

TECHNICAL: THE CHALLENGES AND THE STRATEGIES

Contributing to open source, as in any large production e�ort, can be challenging where contributors
have to understand the code base and its architecture, as well as the tools and resources used in the
project [1, 82, 99]. In a large, mature organization, such as the ASF, where multiple projects co-exist
and are interdependent, individuals are faced with legacy code, disparate tools and infrastructure.
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Seamlessly managing all these factors can be challenging. These challenges were under two
subcategories, Technical hurdles and Documentation problems (see Fig. 7). Here, we detail the
challenges and strategies regarding Technical hurdles (accounting for 50% of Technical challenges).
Challenge mentioned in survey and interviews
Challenge mentioned only in interviews
Challenge also found in newcomer literature [99]
Foundation
Project

Environment setup

Individual

Infrastructure hurdles
Setting up accounts & access
Bad code quality
Code complexity/ instability

Technical hurdles

Code characteristics

Multiple programming languages
Sparse code comments

Technical

Familiarize with project coding style
Understanding architecture/code structure
Domain expertise

...

Contributors' previous knowledge

Specific programming languages
Specific version control systems
Specific tools & technologies

Fig. 7. Challenges related to Technical Hurdles at three levels: Foundation (orange), Project (blue) and
Individual (green). The underlined challenges are discussed in the text.

6.1

Technical hurdles

Technical hurdles can create barriers that not only impede contributors joining a project [99], but
also in continued participation [130]. Participants reported challenges spanning all three levels,
with one challenge at the Foundation and the rest at the Project (5) and Individual (7) levels.
6.1.1 Environment setup. The �rst steps to begin contributing to a project comprises setting up
the environment and access to the project. Doing so can be challenging if older infrastructure, with
more complex procedures, are still in use (Foundation). For instance, contributor [S-753] felt: “ASF
infrastructure (e.g., for web hosting) can be more limiting and presents more challenges to work with
than public cloud o�erings”. These challenges can prompt contributors to create separate lines of
development using more advanced infrastructure: [S-550] “forking and continuing development with
several contributors outside of ASF”. Similarly, setting up accounts and getting access to projects can
be challenging in a large organization with many projects (Project)— [S-494] “I have had recurring
problems getting my login credentials to work. This slowed almost to a halt my contributions" .
6.1.2 Code characteristics. Large projects can pose several challenges such as, the use of multiple
programming languages, complex code architecture, adopting to project-speci�c coding style
etc. For instance, managing good code quality can be challenging in projects that use multiple
programming languages (Project). As [S-80] said: “commit patches that had serious �aws...this
is a hard problem in [project name] due to the wide range of languages supported (>15)”. Writing
good quality code can also be challenging if the code architecture is too complex to understand
(Individual). As [I-18] corroborated that “understanding what the architecture of the project is what
dependencies you need to be aware of”.
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6.1.3 Contributors Previous knowledge. Previous knowledge about the speci�c tools, technology
and programming languages used in the project is an important precursor to contributing, but
can be challenging (Individual) [100]. As [I-18] mentions “not familiar with a lot of the tools and
systems that Apache projects use..I wasn’t able to do it just because I couldn’t con�gure like Jenkins or
other systems in my computer”. Even when contributors have prior experience with the languages
and technology, having a deep understanding of the application domain can still be a challenge. As
[S-48] says, “Everybody spoke about applications of programs or websites...I felt like I was illiterate”.
6.1.4 Strategies. Table 3 shows a set of strategies to ease the Technical challenges. One way is
the use of automation and popular upcoming technology; “we should rely more on tools on tooling,
which is already known to developers”–[I-1]. Another was for individuals to be proactive and start
communicating about problems they are facing. As [I-20] suggests:“We are encouraging them to
ping us [committers], nag us, multiple times...if the [Pull Request] is not reviewed”.
Table 3. Strategies to mitigate Technical Hurdles. The *starred strategies are the ones discussed in the text.
The source is indicated by: (S&I) for survey and interviews, (S) for surveys, and (I) for interviews.
Strategy to mitigate Technical Hurdles
*Use automated tools, widely
used tools and leverage
upcoming technology (S&I)
*Be proactive and
start the communication (I)

7

Description of strategy
Use tools that are already familiar to contributors
and provide guidance on incorporating upcoming
technologies. Provide an automated credential
resetting system, leverage automatic code formatting,
use single sign-on systems, provide integrated, secure,
up to date, and easy to use tools.
Don’t hesitate to reach out to committers
about the yet to be reviewed PRs

SOCIAL: THE CHALLENGES AND THE STRATEGIES

In a traditional workplace, the social atmosphere and environment is one of the aspects of wellbeing that can impact employees’ productivity and retention [10, 123]. In fact, when recruiting
new employees many companies look not only at the technical skills but also whether a potential
employee �ts well within the company culture and vision. In open source, the social environment
is even more critical. First, a vast majority of OSS contributors are volunteers which rules out the
monetary compensation as a retention factor. Second, OSS is a highly distributed environment
where the majority of interaction happens online. This makes it harder to rely on social cues and
makes hostility and misunderstanding more likely to rise. Thus, it is crucial to understand the
ongoing social challenges that contributors are facing in order to address them and promote a
healthy communication and social environment.
The social challenges reported by participants encompass �ve sub-categories: “Contributors’
cultural di�erences”, “Toxic/ unwelcoming environment”, “Communication hurdles”, “Lack of
recognition” and “Geolocation”. The “Toxic/ unwelcoming environment” and “Communication”
challenges were a majority, accounting for 74% of the challenges. Here, we present these challenges from the Individual, Project and Foundation lenses and examples of strategies to ease these
challenges.
7.1

Toxic/ Unwelcoming Environment

Fig. 8 shows the 10 challenges that arise because of a toxic or unwelcoming environment either
at the Foundation or the Project level. Seven challenges were reported at the Foundation level,
one of which includes the organizational structure of the ASF. Its hierarchical structure while
bene�cial in a large organization, can also be seen as discriminating and unwelcoming to those
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lower in the organization. As [I-18] reported: “no one with less than 10 years of experience is well
regarded to lead anything at the Foundation”. The voting system at the ASF is meant to overcome
such (class) discrimination by giving everyone a voice, but the requirement of consensus building
and veto power makes the decision making process di�cult and unproductive. Such ASF wide
discussions could be particularly unwelcoming, which a�ects overall participation, especially by
under-represented groups as [S-62], a woman, said: “I was happy being a committer but once I saw
all the members discussion in the list I was overwhelmed...I have never commented on the members list
for this reason”.
Challenge mentioned in survey and interviews
Challenge mentioned only in interviews
Challenge also found in newcomer literature [99]
Foundation

Resistance to new members

Project

Voting process

Individual

Hierarchical structure discrimination
Unproductive veto power

Unwelcoming communication
Gender bias
Lack of support from the foundation

Toxic/ unwelcoming environment

Threats & obstacles
Lack of representation of minority groups
Counter productive communication & combative PMC
Cliquishness
Impervious to compromise
Finding the right communication channels

Communication tools

Getting access to the right mailing lists
Gap in interaction history

Social

Use of slangs/ irony in technical discussion
Communication style

Cross communication hurdles
Some prefer face to face communication
Conflicting views

Communication

Ineffective communication
Interaction hurdles

Getting traction in discussions
Uncertainty in getting a correct answer
Communicating with strangers
Feeling intimidated

...

Language proficiency

Fig. 8. Challenges related to the Communication and the Toxic/ Unwelcoming Environment subcategories
at three levels: Foundation (orange), Project (blue) and Individual (green). The underlined challenges are
discussed in the text.

The Toxic/unwelcoming environment is a problem at the Project too, with respondents reporting
counter-productive communication, combative PMC, leading to an environment that is impervious
to compromise. As [S-398] explained, “There are some very stubborn people who can delay decisionmaking for too long... who ‘can’t be wrong’...They make assumptions about other people and lack the
ability to see the world from other people’s perspective”.
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7.1.1 Strategies. Table 4 presents �ve strategies to combat these challenges. One is to rethink
the voting system especially by doing away with the veto power as [I-5] suggested: “to not require
consensus voting for adding committers...because I think consensus voting can sort of reinforce our
biases. And by virtue of making it so that any one person’s objection, means the candidate can’t move
forward”. Another is to promote minority focused meetings so that these contributors can have a
safe space to communicate as well as attract more diverse groups. Finally, having some mechanism
for calling out misbehavior can help create a healthier community, as [I-3] suggested: “there needs
to be more consequences and there needs to be smaller consequences, and not just the big ones".
Table 4. Strategies to mitigate a Toxic/Unwelcoming Environment. The *starred strategies are the ones
discussed in the text. The source is indicated by: (S&I) for survey and interviews, (S) for surveys, and (I) for
interviews.
Strategies to mitigate Toxic/ Unwelcoming Environment
Provide guidelines and active support toward an
inclusive environment (S&I)
Include minority groups in the D&I discussion (S&I)

*Provide means to keep the community active and healthy (S&I)

*Rethink the voting system (S)
*Promote minority focused online meetings (S)

7.2

Description of strategy
Provide guidelines for a safe and inclusive
communication space and provide active
support especially to those contributing
to di�cult circumstances
Involve the minority groups in the D&I
discussion and decision, provide a trusting
environment for them to voice their opinions
Rethinking the unconditional lifetime
participation by providing a retiring policy
for inactive/ misbehaving contributors at
any level and a resumption policy for
returning contributors. Implement a way
to deal with the misbehaving individual
in a gradual manner
*Remove veto power and �nd a better
con�ict management system
Encourage women involvement by
starting a women in apache
online meetings

Communication

Keeping the lines of communication open and inviting is critical in large, distributed environments,
where it is di�cult to evaluate the tone of conversation via facial expressions or social cues.
Communication hurdles can not only make discussions lengthy and tedious, but can also create
an unwelcoming environment. In the following section we detail the challenges related to the
communication tools, communication styles and online interactions (Fig. 8), as well as the strategies
to mitigate these hurdles (Table 5).
7.2.1 Communication tools: The �rst step towards productive communication is to �nd the right
communication tool. But, doing so can be challenging especially when faced with multiple options
in a large organization. Fig. 8 depicts the challenges related to communication tools.
One challenge is that the large number of communication channels makes it di�cult to pick
the right channel for the speci�c situation (Foundation). For example, di�erent topics could be
ear-marked for di�erent mailing lists or even di�erent communication media. As [S-407] mentioned
“Find the right communications channels, which depends not only on hard facts, but also on people.”
Finding and getting access to the right communication channels is even trickier when there is no
systematic transition to a communication channel after acquiring a new role. For example, some
contributors were not even aware of the existence of some channels as they progressed through
their roles in the project (Project). As [S-468] reported “not automatically invited to the private@
list...never knew about it until a long time after I became part of the PMC!”
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Even with the right communication tools at hand, gaps in interaction history can cause communication hurdles. Such gaps can arise when someone joins an already ongoing discussion. As
[S-317] said “Communication mediums were hard to follow, especially IRC... If you get o�ine and
come back few hours later, there is no history of what happened”. This is particularly challenging for
those contributors who are volunteers with only a few hours to spare.
7.2.2 Communication style: Another step towards productive communication is to foster an inclusive communication style (Project). One way to foster inclusive communication is to avoid
unnecessary jargon, which makes discussions di�cult to follow and understand, especially for
non-native English speakers. As [S-259] explains, “it is still hard to understand phrases, slangs or
irony from native speakers on operational lists”. It is also important to be aware of the communication preferences of di�erent contributors. For example, the absence of in-person communications
(Individual) can adversely impact some contributors: “Getting up to speed with the technical aspects
of the particular project I was working on was more di�cult due to the lack of face to face contact with
other project participants” [S-629].
7.2.3 Interaction hurdles: As with communication in any team, interactions in OSS can have its
own hurdles. For example, con�icting views (Project) over the di�erent aspects of a project can
result in disagreements such as “Technical dispute over architectural direction of a project” [S-431].
When this is paired with ine�ective communication resulting from an overwhelming amount of
communication or mismatch in communication styles, con�icting views can escalate making it hard
to reach an agreement. From an individual’s perspective (Individual), interacting with community
members can be intimidating, especially when there are disagreements. This is made worse when
interactions are with strangers. As [S-382] said “Sending an email (on the mailing lists) to unknown
people is nerve-raking”.
7.2.4 Strategies. Table 5 present eight strategies to combat communication challenges. One is to
create communication best practices to foster meaningful and inclusive conversations that allow
discussions to stay focused on the topic. Similarly, creating a list of helpful, knowledgeable contacts
can guide contributors to reach productive and safe communication. As [S-362] suggests “kind
of ‘help hot line’?... so that they can get help in communications and avoiding misunderstandings”.
Finally, it is useful to leverage both public and private channels depending on the situation. As [I-2]
recommends “if you have a dispute with somebody, I think it’s often much easier to resolve that in
private... and it’s easier to speak to one person than speak to 100”.
8

DISCUSSION

Social interactions are challenging in a large, federated organization. In an extremely large
organization, such as the ASF, which is mainly powered by a large transient volunteer contributor base, creating e�ective communication structures can be especially challenging. In fact, our
respondents reported more social than technical challenges when contributing to the ASF. These
challenges likely arise because the ASF includes contributors from di�erent backgrounds, subgroups,
and philosophies who discuss technical as well as governing aspects of the Foundation. Indeed,
participants reported �nding the right communication channels, getting access to the right mailing
lists, and ine�ective communication to be challenging. Communication has also been found to be
challenging in other open collaboration communities [24, 25, 61, 77, 90]. Many of these challenges
may arise because contributors in large peer-production sites have to coordinate and communicate
with unfamiliar teams [55, 66]. Further, as discussed by Brooks Jr [8], the amount of communication
(and communication overhead) increases combinatorially based on the size of the team.
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Table 5. Strategies to minimize Communication Hurdles. The *starred strategies are the ones discussed in
the text. The source is indicated by: (S&I) for survey and interviews, (S) for surveys, and (I) for interviews.
Strategies for e�ective communication
*Create communication best practices with suggestions (S&I)
Transition from tacit to explicit (S&I)
*Leverage both public and private channels
and disclose their visibility (S&I)
Automate a role-based sign up to mailing list (S)
*Create a list of helpful contacts (S)
Leverage real time communication (I)
Provide the option of o�ine training when possible (I)
Use productivity management strategies (S&I)

Description of strategy
Create communication guidelines with suggestion and encourage
summarizing and avoiding the use of jargon and complicated English
Document best practices, tools for communication and provide a
process for con�ict resolution
Praise in public, coach and critique in private and disclose the
visibility of each communication mailing list
Provide a better alternative to signing up on a mailing list where
people with di�erent roles are automatically signed up to the right
mailing lists
Provide a list of helpful contacts, a communication group and a help
hotline for contributors who face communication di�culties
Incorporate real time communication tools to foster connection and a
sense of belonging and create guideline on how and when to use real
time communication
Organize o�ine training to help those who prefer face-to-face
interactions
Give yourself time to adapt, set a goal for yourself, seek help when
needed and leverage grammar tool to help with English

Further, the hierarchical leadership structure adopted by the ASF was found to be challenging
by some, especially those who were joining the ASF from commercial companies. Marlow et al.
[70] argue that a team’s underlying leadership structure moderates the relationship between the
team’s communication and its performance, such that the relationship is stronger for teams with a
shared leadership con�guration as compared to those with a hierarchical leadership structure. Hoch
and Kozlowski [50] reinforces this idea, claiming that supplementing hierarchical leadership with
shared leadership and structural support is more important when teams are more virtual in nature.
The strategies recommended by participants point to the need for shared leadership–“give projects
more agency...and accommodate di�erent ways of working” as well as the need for clearer guidance
on the governance structure, including publishing the hierarchical structure in the ASF.
Toxic environment remains an issue in open source. Open source communities, including
the ASF, are highly dependent on volunteer contributions, but toxic work environments with
unfriendly or unhelpful contributors [86, 108] can lead to high turnover. In OSS, where all communications are public, communicating with contributors with no shared familiarity and in perceived
hostile environments can be intimidating, as in the words of [S-382]: “Sending an email to unknown
people is nerve racking”. Our participants identi�ed 10 challenges (and �ve strategies to mitigate
them) related to a toxic environment. Gender bias and lack of representation of minority groups
were among those. Indeed, women are a minority group in OSS [7, 69, 117, 125], and have been
reported to get delayed feedback during code reviews [7, 20], are frequent recipients of negative
reviews with words that are demeaning to women [83], and even have lower code acceptance
rates [113] when they are newcomers. Women are usually more restrained in the discussion forums,
regardless of how senior or productive they are [9] which can drown out voices in a “pushyocracy”
system [79]. Given such existing biases, women often use pseudonyms in their pro�les to avoid
being judged as females [27, 57].
Task interdependence, contrasting contribution ideology, and geographical distribution can also
increase overall con�ict levels and toxicity in OSS teams [25]. For example, some participants
found it challenging that the ASF solely depends on online communications, where di�erences
in communication styles can be ampli�ed leading to some PMC members appearing combative.
These factors can create interaction hurdles as [S-557] found that “interacting with community
members can be intimidating”. According to Filippova and Cho [25], participatory decision-making
and a transformational leadership style can help to reduce this challenge. In fact, participants
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recommended creating such a participatory environment by including minority groups in decisionmaking such that their voices are heard.
OSS is mature, but contribution and decision making processes remain challenging.
The contribution model of OSS has evolved signi�cantly from the early 2000’s, when groups of
talented software hackers volunteered to produce software, into a more mainstream and commercially viable model [26, 92, 102]. In this changed landscape, well-known companies and foundations
are not only using OSS, but also open-sourcing their products and joining and managing OSS
communities [92]. However, even after 20 years of open source production, the very processes in
creating such peer-produced products still remain a challenge. Actually, the very popularity of
the OSS model, which has created large foundations with hybrid-contribution models that also
serve as career pathways [115], may be creating additional process-related challenges. Challenges
in navigating the contribution process was heavily cited by our participants and amounted to
70% of all process-related challenges in our study. These challenges included the very basics of
the contribution processes, such as creating a patch to submit code [2, 58]). This suggests that
communities need to monitor the current state of practice and identify bottlenecks and points for
improvement [111] to their processes.
There is no one-size-�ts-all. Over the years, the Apache Software Foundation has collectively
organized best-practices and principles designed to enable disparate communities of volunteers
to collaborate and produce high-quality software and documentation. Although a common set of
foundation-wide rules brings uniformity to the projects and facilitates migration across projects and
interoperability [53], the ensuing need for compliance to complex “regulations” can be challenging.
Such type of dissatisfaction with regulations and administration are a key reason for volunteers
quitting OSS projects [128]. The challenges reported by our participants re�ect this tension with
the foundation regulations, ranging from the vagueness of regulations to the restrictiveness of
legal matters, such as the need for approved CLAs (Contributor License Agreement) before starting
contributions. Some contributors found the rules to be restrictive or confusing leading to communication overheads and delays, whereas others felt there was too much �exibility with no clear rules
(see Fig. 6). Creating the right balance in guidelines is challenging for large, federated foundations
such as the ASF, which prides itself on its �exibility and aggregates projects of di�erent sizes, ages,
and domains. Industry involvement further complicates the legal matters, governance, and contribution culture. As Zhou et al. [130] and Daniel et al. [16] point out, commercial involvement can
generate con�icts of interest, di�ering contribution ideology, and vision of future project directions,
which can in turn negatively a�ect coordination and work-related behavior. Setting up expectations
is thus important in this context; which our participants found to be poorly documented both at
the project and foundation levels.
Comparison with previous literature. We found several challenges (68% of the challenges we
identi�ed) that were not reported in the previous work on challenges faced by OSS contributors [40,
49, 52, 58, 65, 85, 98, 99, 101, 106, 108, 113, 114, 116, 124]1 , as presented in Table 6 (see supplemental
[44] for detailed view of this comparison). The majority of the newly identi�ed challenges relate to
processes (79%) and social aspects (74%), probably due to our foundation perspective, which is the
origin of most of the newly identi�ed challenges (88%).
As noted in Table 6, there is a considerable intersection (54%) between technical factors covered
by previous work and the ones that we identi�ed (see Table 7). A majority of these were reported
in the literature on newcomers’ barriers [99, 106]. For example, previous literature corroborates
1 We

selected these previous works by using a snowballing sampling technique using the work from Steinmacher et al.
[99] as a starting point. We analyzed papers that cited this work (forward snowballing) or had been cited by it (backward
snowballing). We repeated this process for all relevant papers, until we found no new papers that reported challenges for
contributing to OSS.
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Table 6. The number and percentage of challenges not found in related work about newcomer barriers and
OSS challenges.
Technical
Social
Process
Total

Foundation
6 (75%)
8 (80%)
15 (100%)
29 (88%)

Project
4 (44%)
12 (86%)
8 (73%)
24 (71%)

Individual
1 (14%)
3 (43%)
3 (43%)
7 (33%)

Total
11 (46%)
23 (74%)
26 (79%)
60 (68%)

that, at the individual level, the lack of technical background and domain expertise can hinder
the contribution process [99, 101, 108]. Our results indicate that in a large OSS foundation such
as the ASF, even experienced contributors face barriers previously associated with newcomers.
This might be because ASF contributors often participate in multiple projects that have di�erent
characteristics and use di�erent tools and technologies, which contributors need to learn when they
join a di�erent project. In our work, we also identi�ed other project-speci�c technical challenges,
such as multiple programming languages within and between projects that could be challenging
even for experienced contributors (Fig. 7 in Section 6). Some of the technical challenges that our
work reported at the foundation level was also reported by prior work, but in the context of a single
project. This is probably due to the lack of research on challenges at the organization level [43].
Table 7. The list of challenges found in literature. The subcategory (number) represents the total number
of challenges found in that category. For each evidenced challenge the (le�er) describes the level at which
the challenge appeared in our finding: (F)- foundation level, (P)- project level, and (I)- individual level. The
*starred subcategories are the ones that are discussed in details in the results section (see sections 5, 6, and 7
and the supplemental document [44] for more details).
Technical subcategories

*Technical hurdles (12)

Documentation problems (12)
Social subcategories
*Toxic/ unwelcoming environment (10)
*Communication (13)
Geolocation (3)
Process subcategories
*Navigating the contribution process (23)
Reception issues (4)
Getting started in a new project (3)

Challenges evidenced by literature
Bad code quality (P)
Code complexity/ instability (P)
Sparse code comments (P)
Familiarize with project coding styles (I)
Understanding architecture/code structure (I)
Infrastructure hurdles (F)
Domain expertise (I)
Speci�c programming languages (I)
Speci�c version control systems (I)
Speci�c tools & technologies (I)
Fragmented documentation (F)
Unwieldy documentation (F)
Outdated documentation (P)
Challenges evidenced by literature
Hierarchical structure discrimination (F)
Gender bias (F)
Ine�ective communication (P)
Feeling intimidated (I)
Some prefer face to face communication (I)
Language pro�ciency (I)
Remote/ asynchronous communication (P)
Imposter syndrome/ fear of making mistakes
/ self doubt (I)
Challenges evidenced by literature
Delay in getting contributions accepted/ reviewed (P)
Getting contribution accepted (I)
Issue to create a patch (I)
Not receiving an answer (P)
Delayed answers (P)
Selecting a project/ task (I)
Familiarize with project members (I)

Literature source
[99]
[99] [58]
[58]
[40]
[58] [99]
[49] [40] [124]
[99]
[58] [99] [101]
[99]
[108]
[99]
[58]
[99]
Literature source
[40]
[114]
[108] [40]
[108]
[99]
[108] [99]
[108]
[40][124] [101]
Literature source
[99] [40]
[99]
[99] [58]
[99] [106]
[99]
[99]
[49]
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Social and process related challenges are less evidenced by prior work (26% and 21% respectively).
Similarly to the technical challenges, most of the previously identi�ed process and social challenges
appear at the individual or project level (see Table 7).
While we found that a variety of toxic/unwelcoming environment challenges—especially ones
that appear at the foundation level—can worsen and deter social interaction (see Fig. 8, Section 7),
two of these challenges have also been found at the project level. For instance, Gousios et al. [40]
found that hierarchical structure discrimination can be problematic at the project level, especially
when project owners do not want contributions and are resistant to new members’ participation.
Finally, most of the process-related challenges unveiled here could not be found in the examined
literature (79%, as shown in Table 6). Our �ndings show that the process challenges identi�ed by
prior literature exist in the ASF, but a variety of new challenges arises especially at the foundation
level. In fact, a large OSS foundation usually has its own processes and policies such as the voting
and legal process which can be challenging not only to already established ASF projects but also
to incubating projects. For instance, the ASF contributors found the incubation process to be
bureaucratic and tedious which can make a project’s compliance with the foundation processes
and ascension to top-level a nontrivial endeavor (see Fig. 6, section 5).
Implications for researchers. Although the ASF community provided many ideas for strategies, there remain gaps in how to operationalize these strategies to mitigate the extensive list of
challenges that still plague OSS. Our �ndings serve as a call for future research in understanding
which strategies can be applied in what context. For example, social barriers are challenging and
sparsely covered by the reported strategies. Researchers can use our �ndings to plan further qualitative and quantitative studies to investigate speci�c challenges. In particular, some of the solutions
and mitigation strategies used in other CSCW domains and in the CMC (Computer Mediated
Communication) �eld could serve as models for supporting communication and coordination.
On the other hand, identifying and organizing the challenges faced by contributors in a large OSS
organization can bene�t the larger CSCW community as large-scale, open collaboration models
are still under-explored in the literature. Our results can serve as a reference to guide further
research in di�erent kinds of peer-production communities. For example, which of our results can
be transferred and adapted? Which of the challenges are common to other communities? How
these challenges or strategies need to be adopted given di�erences in the context of production?
Such broader investigations can help build more general models and theories about contribution
challenges in open collaboration communities working as a federation.
Implications for practitioners. Finally, our study results provide insights for communities and
large organizations who want to reduce the challenges that contributors face, laying a foundation for
designing better support tools and strategies. Additionally, the empirical evidences of the di�erent
challenges catalogued here is important as many studies and practical strategies are motivated by
or deal with anecdotal evidence.
9

THREATS TO VALIDITY

This section presents the limitations and the reliability of our results from the perspective proposed
by Merriam [72] for qualitative work.
Construct validity in qualitative research is related to the de�nition of the constructs. The �rst
issue can arise if we ask incorrect questions in our survey or interviews. We sought to mitigate
this challenge by working closely with the D&I committee at the ASF to craft the survey and
interview questions such that it was accessible to the community. The second validity can arise in
the qualitative analysis process. To avoid misinterpretation in the qualitative coding of the data, we
used the constant comparison method. As new codes emerged, the �rst author compared it with
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the existing code set and met frequently with the research team to discuss and clarify the codes.
The code set generated from the survey results were then compared with the interview data.
Internal validity is related to the credibility that researchers were able to capture the reality
as close as possible, which in our case is accurately capturing the challenges and strategies. The
�rst challenge can arise from a biased sampling of the ASF contributors. We believe this limitation
was low as we deployed the survey widely receiving 600+ respondents who represented a wide
set of demographics and projects. We then followed up the survey with interviews to get a deeper
understanding of the challenges. We reached saturation after the fourth interview where no new
challenges or strategies were identi�ed. Finally, we validated our �ndings with the community
via a two-step member checking process. First, we received feedback from the interviewees and
then from the broader D&I committee at the ASF. Additionally, we compared our �ndings with the
literature on software engineering and OSS to sharpen construct de�nitions and increase internal
validity.
Reliability refers to the extent that the results can be replicated. In short, it is di�cult to
replicate qualitative research since human behaviors, feelings, and perceptions change over time.
As Merriam [73] mentions: there can be numerous interpretations of the same data for qualitative
research. However, the more important question is whether the results are consistent with the
data collected. To maintain consistency, three researchers independently coded the survey answers
via open coding, which were constantly compared with already existent codes. Additionally, two
researchers independently coded the interview transcripts using the code set from the survey. All
researchers met multiple times to reach a negotiated agreement. To allow replication of our study,
we describe our method in detail in the methodology section above.
10

CONCLUSION

Large organizations such as, the Apache, CNCF, Linux, Eclipse, Gnome, and Mozilla foundations,
provide operational, legal, and �nancial support for a broad range of open source software projects,
as well as establish best practices, contribution processes, and governance models. However, the
heterogeneity of the individual projects and the large number of stakeholders create a complex
ecosystem that involves individuals and companies from di�erent cultures and backgrounds with
di�erent goals and expectations. This work is the �rst to investigate the comprehensive set of
challenges of a large and mature OSS foundation, extending the current literature that focuses
primarily on challenges faced by individuals and projects.
We empirically identi�ed 88 ongoing challenges that contributors face and 48 strategies to mitigate
such challenges in the Apache Software Foundation. We analyzed these challenges from two di�erent
perspectives: (a) Process, Technical, and Social dimensions; and (b) Foundation, Project, and Individual levels. Not surprisingly, in an organization with a large number of mature and technically
experienced contributors, individual and technical challenges are less common and the majority of
challenges relate to the Process (33) and Social (31) dimensions and occur at the Foundation (33)
and Project (34) levels.
Contributors reported several process-related challenges, many of which occurred at the Foundation level and arose from di�culty in implementation of and compliance with the foundation
rules and governance. Our results show that despite decades of evolution, mature OSS foundations
still face challenges in designing a comprehensive set of guidelines that can cater to the needs and
expectations of a diverse set of projects and contributors.
Social interactions are also particularly challenging in the context of a large, federated organization. Participants reported limitations in the communication tools in use, communication styles,
and interaction hurdles arising from con�icting views, an inability to get traction in discussions,
or feeling intimidated. Participants also reported challenges related to a toxic or unwelcoming
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environment, which can be especially detrimental to organizations that are highly dependent on
volunteer contributions. Our �ndings show that the communication culture and discussion tone
need to be set at the Foundation level itself to promote a welcoming environment for projects and
individuals.
In summary, our results provide insights for current foundations and for projects that want to
aggregate under larger organizations, laying a foundation for building better support structures
for contributors. With our �ndings, large organizations can design strategies, processes, and tools
to overcome anticipated challenges at the Foundation, Project, and Individual levels. In addition,
researchers can use our model to plan further qualitative and quantitative studies to investigate
speci�c challenges, their interplay, and their in-practice implications. Special attention is needed
for those challenges not covered by previous works and not linked to speci�c strategies.
To conclude, through this work we have taken the �rst steps in identifying ongoing challenges
that contributors face in a large heterogeneous organization and also collected a set of strategies that
participants recommended. In the future, we plan to perform subgroup analyses to investigate which
of these challenges impact speci�c demographics (e.g., experts vs. novices, paid vs. unpaid, gender,
communication skills, place of residence). We also plan to work with the ASF in implementing
some of these strategies to help it attract and retain a diverse set of contributors and help it reach its
guiding principle of “community over code”. We also hope that other organizations also recognize
their Foundation-level challenges and implement strategies to create a diverse, successful ecosystem
that not only creates successful products, but also creates healthy and thriving communities.
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