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Open-source software (OSS) community managers face significant challenges in retaining contributors, as they

must monitor activity and engagement while navigating complex dynamics of collaboration. Current tools

designed for managing contributor retention (e.g., dashboards) fall short by providing retrospective rather

than predictive insights to identify potential disengagement early. Without understanding how to anticipate

and prevent disengagement, new solutions risk burdening community managers rather than supporting

retention management. Following the Design Science Research paradigm, we employed a mixed-methods

approach for problem identification and solution design to address contributor retention. To identify the

challenges hindering retention management in OSS, we conducted semi-structured interviews, a multi-vocal

literature review, and community surveys. Then through an iterative build-evaluate cycle, we developed and

refined strategies for diagnosing retention risks and informing engagement efforts. We operationalized these

strategies into a web-based prototype, incorporating feedback from 100+ OSS practitioners, and conducted an

in situ evaluation across two OSS communities. Our study offers (1) empirical insights into the challenges of

contributor retention management in OSS, (2) actionable strategies that support OSS community managers’

retention efforts, and (3) a practical framework for future research in developing or validating theories about

OSS sustainability.
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1 INTRODUCTION
Managing contributor retention in Open Source Software (OSS) projects is inherently challenging

due to their volunteer-driven, peer-based production model, which lacks formal organizational

structures and stable commitments. These challenges are further amplified by the volatile relation-

ship companies have with OSS, as corporate priorities shift and funding fluctuates [32, 99, 150]. OSS
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communities need active and sustained participation to remain healthy [5]. High turnover rates in

OSS hinder project progress, threaten the sustainability of the community, and risk project failure

[135, 144–146, 150]. Without practical tools to anticipate and mitigate these risks, unexpected

contribution breaks may disrupt the sustainability of projects [66]. When contributors leave due

to burnout, lack of recognition, shifting personal interests and priorities, or difficulty integrating

within the community, projects risk losing skill sets and institutional knowledge [129].

Even though project maintainers recognize the importance of retaining contributors, they ac-

knowledge its difficulty, as one participant from our study noted, “It’s hard to get more contributors
engaged in [the project]” [P1] 1

, and another commenting, “We’ve had some people who have been
very committed to this project, [but] definitely have burnt out of contributing to it” [P4]. Recognizing
the significance of this challenge, existing research has proposed a range of interventions. For

instance, Guizani et al. [63] introduced a prototype to support managers in attracting and retaining

newcomers, while Qiu et al. [98] and Ramchandran et al. [101] developed dashboards that help

identify community health trends and highlight activity downturn events. Industry tools like DevS-

tats [26] and the Amazon OSS Dashboard [7] provide static snapshots of contributors’ activities.

Although these visualizations offer valuable data, they are often limited to descriptive analytics,

which help projects mitigate issues after the fact and are not proactive. Another line of research

draws inspiration from health-related studies [64, 78], predicting contributor retention based on

historical contribution patterns [13, 21, 35, 56]. However, these models have yet to be integrated into

tools for day-to-day community management. Without fully understanding community managers’

challenges, continuously introducing new interventions may not effectively support community

managers. Instead, identifying these challenges should be the first step in designing meaningful

support mechanisms.

Thus, while several works aim to tackle contributor retention, community managers still struggle

with where, when, and how to intervene to retain their contributors [60, 63]. In this work, we

close this gap by providing a deeper understanding of both the challenges managers face and the

strategies that could support their retention efforts, offering insights into where interventions

are most needed, when community managers should act, and how different strategies can be

implemented to sustain engagement. Without such an understanding, well-intentioned research-

driven interventions risk adding more complexity rather than alleviating it. Our work is guided by

the following two research questions:

RQ1: What are the challenges in proactively managing retention in OSS?

RQ2: What strategies can support OSS community managers in diagnosing and managing

retention challenges?

To answer these questions, we followed the Design Science Research (DSR) paradigm [36, 107],

which aims to address real-world software engineering challenges by creating and evaluating

artifacts that generate actionable design knowledge. We conceptualized the problem of contributor

retention in OSS as a recurring and socio-technical issue that lacks operationalizable, community-

centered solutions. We first identified 10 core challenges in contributor retention management

through a triangulated empirical analysis involving interviews with OSS community managers

(Ü), multi-vocal literature review ([), and expert validation surveys (�) (RQ1).

In response to these empirically grounded challenges, we then developed actionable strategies that

aim to empower community managers with practical insights for supporting retention management.

We compiled a list of nine strategies based on insights from the literature review ([). These strategies

1
Interview participant ID.
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were operationalized through a prototype using an iterative build–evaluate cycle and a user-centric

design process co-developed with input from over 100 OSS practitioners (²). The prototype served

both as an intervention and a validation scaffold to ensure the strategies’ relevance and usability in

practice.

To validate our intervention and move toward technological rule generalization, we evaluated

our prototype in two distinct OSS communities—Pyomo [125] and DeepSpeed [88] (¨)—each with

different governance structures and community cultures. We loaded their project data into the

prototype and invited their governance teams to evaluate the prototype. This approach ensured

our strategies were both theoretically grounded and practically applicable to OSS projects.

Through this study, we aligned research advancements with the pragmatic needs of practitioners

by exploring the realities of retention management. We also proposed integrated strategies to help

OSS communities engage and retain contributors proactively. Our study provides (1) empirical

insights into the challenges OSS community managers face in sustaining contributor engagement,

along with a structured analysis of the strategies that support retention efforts; (2) a human-factors-

driven framework that serves as a replicable blueprint for future researchers seeking to develop or

validate theories about OSS sustainability and software engineering processes; and (3) practical

guidance for OSS practitioners, offering diagnostic strategies to surface disengagement risks and

inform retention-related decisions.

2 BACKGROUND AND RELATEDWORK
Effective retention management is vital for OSS project sustainability, as it preserves critical

expertise, prevents contributor attrition, and fosters long-term engagement and project growth

[66, 99, 148, 150]. However, managing retention in OSS is challenging due to the many factors

that influence why contributors stay or leave. This section reviews existing literature on how

contributor retention is managed in OSS.

2.1 The Complexities of Managing Contributor Retention
Research on OSS contributor retention has examined both individual and project-level indicators.

Individual metrics include commit frequency, comments, and pull request activity [13, 35, 99], while

project factors encompass popularity and collaboration environment characteristics [13, 35, 66, 142,

149, 150].

Existing studies indicate that contributors’ demographic attributes can influence their likelihood

of disengaging, particularly when certain groups experience exclusion within project communities.

For instance, Trinkenreich et al. [131] found that women contributors are underrepresented in the

OSS community and face a heightened risk of disengagement. Zhang et al. [146] found that affiliated

developers contribute more than volunteers in the OpenStack Foundation, but this can lead to a

Pareto-like phenomenon affecting an OSS project’s sustainability if dominant companies withdraw.

Beyond gender, other demographic factors—such as geographic region and English proficiency—may

also affect retention [40, 43]. While these insights highlight critical risks to retention, translating

them into actionable strategies remains a persistent challenge for practitioners.

Moreover, contributor retention is shaped by a wide range of factors, requiring community

managers to actively track and interpret various signals. However, they then face challenges in

leveraging retention data due to its fragmented and complex nature [60, 63]. For example, one of

the most popular OSS project health initiatives—the CHAOSS project [28]—defines over 50 metrics,

organized into 10 categories such as Organization, Software, Contributions, Contributors, and

Governance and Leadership, to comprehensively assess project health. In most cases, community

managers lack an understanding of where to focus their efforts, what to prioritize, and how to act

upon these metrics to manage retention challenges. How these complexities can collectively affect
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community managers’ day-to-day efforts remains unclear. Today, little is known about the hurdles

community managers encounter when interpreting and acting upon these different data sources,

leaving a gap in our understanding of how to support them effectively.

2.2 Limitations of Existing Interventions
Previous interventions for managing contributor retention span academic and industry solutions.

Academic approaches include prototypes for engagement that indirectly support retention by help-

ing with newcomer attraction and recognition [63], community health monitoring dashboards that

visualize project activities (e.g., pull requests and issue tracking) [98], and activity tracking systems

for incubator projects [101]. Industry tools like DevStats [26] and the Amazon OSS Dashboard

[7] offer similar monitoring capabilities. However, these solutions primarily provide retrospective

insights, potentially delaying critical interventions. This reactive approach limits visibility into

where proactive support is most needed for community managers.

In addition to analysis of historical data, OSS researchers have drawn inspiration from medicine

and human resources disciplines, adopting prediction models such as the Cox regression to predict

contributors at higher risk of disengagement based on their contribution history [13, 35, 56].

Similarly, Kaplan-Meier analysis has been used to evaluate the survival rate of demographic groups

within OSS communities [40, 99]. While prediction models like Cox regression and Kaplan-Meier

analysis have shown statistical promise, they remain isolated in research contexts and have not

been integrated into tools or assessed for their effectiveness in helping community managers’

decision making.

2.3 Our contributions:
To bridge these gaps, our study employs a mixed-methods approach guided by the DSR paradigm

to create a comprehensive understanding of the complexities of managing contributor retention in

OSS. We identified community managers’ challenges by triangulating findings through interviews,

multi-vocal literature reviews, and surveys. Building on these insights, we curated a set of strategies

designed to help OSS community managers identify and address disengagement risks, making

informed decisions. These strategies were embedded in a web-based prototype, refined through

a user-centric design process involving over 100 OSS practitioners. Finally, we conducted in situ

evaluations with two OSS communities to assess the practicality of these strategies in supporting

retention management in OSS.

3 METHOD OVERVIEW
This section provides an overview of our methodology, outlining how we answered each research

question by following the DSR paradigm [36, 107] through a mixed-methods [34, 124], two-phase

study that addresses the problem of contributor retention in OSS.

Phase 1 - Problem definition:We conceptualized the problem to identify the challenges inmanaging

retention in OSS by triangulating insights from semi-structured interviews, a multi-vocal literature

review [53], and an expert survey.

Phase 2 - Solution design and validation: We designed a solution by first synthesizing strategy

candidates from prior work and community input, then applying participatory, user-centric design

methods to iteratively refine a prototype through multiple focus group sessions with over 100 OSS

contributors at major community events. We validated the strategies in context by conducting an

in situ user evaluation across two OSS communities (Pyomo and DeepSpeed).

These two phases were guided by our two research questions as follows:

(RQ1) For problem identification, we focused on empirically surfacing and understanding the

challenges related to retention management in OSS. To ensure methodological rigor, we triangulated
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Fig. 1. Method Overview

multiple sources of evidence (shown in Figure 1): We initiated our investigation by conducting

semi-structured interviews (Ü) with OSS community managers. These initial findings were then

triangulated [48] through (1) a multi-vocal literature review ([) (academic and industry/gray

literature) [53] and (2) an expert validation survey (�). The methodology details are explained in

Section 4.

(RQ 2) For solution design and validation, we continued our mixed-method approach to identify,

develop, and refine strategies that support OSS community managers in diagnosing contributor

engagement patterns and responding to retention challenges. First, we revisited the literature ([)

used for RQ1 to compile a list of potential strategies. Then, we developed a web-based prototype

that operationalized these strategies. Prototyping enabled us to move beyond theoretical discussions

by giving OSS community managers an interface to interact with and assess the strategies within

the context of their project. This approach enabled us to gather richer, more actionable feedback,

revealing how these strategies can be integrated into existing workflows and identify potential

limitations [17]. See the list of strategies in Section 5.

To ensure a community-driven prototype design, and in line with DSR’s emphasis on iterative

development, we followed a user-centric design (²) approach [46] (see Figure 2), holding multiple

rounds of focus group discussions with over 100 OSS contributors throughout the design process,

detailed below:

1. Initial Feedback from Focus Group Discussion I. We adhered to design principles and

guidelines from Few [47] to create an early prototype version. We then gathered initial feedback

from community managers at an industry event (FOSSY 2023), using their insights to refine our

design. 2. Initial Implementation and Consultations with Kubernetes and Flutter. Based

on input from FOSSY 2023 participants, we consulted with OSS managers from two large-scale

projects, Kubernetes and Flutter, to enhance and tailor the prototype’s features. 3. Iterative

Refinement from Focus Group Discussion II. We organized a community session at an industry

event (Linux Plumbers 2023), engaging with community managers and maintainers. Feedback from

this session helped us iterate on the prototype to better align with community needs. 4. Final

Feedback from Focus Group Discussion III. In a community session at another event (OPENUK

2023), we received no further design feedback, indicating that our design was sufficiently robust to

meet community expectations. The details of how we operationalize strategies in the prototype are

discussed in Section 6.

To validate the strategies in context, as emphasized in the DSR paradigm, we conducted an in
situ user evaluation (¨) by introducing the prototype to two OSS communities with different

governance structures and cultures (Pyomo [125] and DeepSpeed [88]). We populated the prototype

with their project data and invited their governance teams to evaluate whether the prototype

influenced their decision-making around contributor retention. This step provided us with real-

world feedback on the usefulness of the provided strategies and insights. The details of study design

are explained in Section 7.
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This study was approved by the Oregon State University Institutional Review Board (IRB)

under the project titled Sustainable OSS: A Framework for Proactive Identification and Reduction of
Contributor Disengagement. All participants provided informed consent prior to participation.

4 CHALLENGES IN MANAGING CONTRIBUTORS’ RETENTION IN OSS
4.1 Research Methodology
Following the DSR paradigm, we began by conceptualizing the problem space. To understand

how to help community managers with contributor retention, we first investigated the challenges

OSS community managers face. We employed a multiple-triangulation validation strategy [48], as

shown in Figure 1, starting with interviews (Ü) to directly understand challenges from community

managers. We then triangulated our findings through a multi-vocal literature review ([) [53],

which included gray literature and academic research, and an expert validation survey with OSS

project managers (N=13) with diverse community management experiences (�).

4.1.1 Semi-structured Interviews Ü:. Interview Recruitment:
Guided by principles from qualitativemethodology [20, 61], we recruited participants with diverse

OSS experience levels, community management tenure, and project sizes—including managers from

small, medium, and large OSS communities. Table 1 summarizes the participants’ demographics.

We first recruited two community managers from the authors’ contacts: one from Cloud Native

Computing Foundation (CNCF) and the other from CHAOSS (Community Health Analytics in

Open Source Software). We then employed a snowball sampling method by asking participants

to help us recruit additional participants. Recruitment ended after six interviews, following the

principle of thematic saturation [111], as no new categories of insight emerged. Starting with

the fifth participant, interviews ceased to generate additional perspectives on the challenges of

managing contributor retention, and the sixth interview served as a validation check.

Table 1. Demographic information of interview participants.

ID Gender OSS Experience Management Experience Current Project Size*
P1 Woman More than 10 years Between 3 and 5 years Medium

P2 Woman More than 10 years Between 5 and 10 years Medium

P3 Man Between 3 and 5 years Less than 1 year Large

P4 Perfer not to say Between 3 and 5 years Between 1 and 3 years Small

P5 Man More than 10 years More than 10 years Small

P6 Man More than 10 years Between 5 and 10 years Large

Project Size: Small projects (1-25 contributors), Medium projects (26 - 100 contributors),

Large projects (>100 contributors)

Among the six interviews, four were conducted on-site, and two were conducted remotely

through a video conference platform
2
. The interviews lasted from 45 minutes to 1 hour, were

recorded with the participants’ consent (following the university-approved Institutional Review

Board protocol), and were then transcribed. Participants were offered a $50 gift card as a token of

appreciation for their time.

Interviews Design: Each session began with a brief introduction to the study. After confirming

the participants’ consent, we asked them to reflect on the composition and roles within their

community (e.g., “How many newcomers are there in your project?”). We used this icebreaker

question to help participants recall their community’s composition and contextualize the interview

regarding their management experiences.

2
Zoom
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We then asked about each participants’ role and responsibilities in the project. Next, we invited

them to share their thoughts on contributor retention and any observations they had about contrib-

utors’ disengagement. We followed up to determine whether they actively monitored or assessed

retention using specific tools or metrics, taking into account their challenges. Throughout the

interview, open-ended follow-up questions were actively used to encourage deeper insights into

how they manage contributor retention.

Pilot Interviews: Before conducting interviews, we held three rounds of pilot interviews with

graduate research assistants who were knowledgeable about OSS communities and had relevant

experience in OSS research. Feedback from these pilot sessions helped us refine the interview

questions. For example, participants suggested adding ice-breaking questions to contextualize the

interview and follow-up prompts for situations in which respondents provided short answers about

their experiences in managing contributor retention. They also recommended asking participants

to share specific examples of times they observed or anticipated a contributor leaving the project.

(Refer to the supplementary material for detailed interview scripts [41]).

Interview Data Analysis: We did not separate the interviews and their analysis. Instead, after

each interview, we performed an inductive thematic analysis using open coding to identify emerging

themes [19, 57]. We made multiple passes over the transcribed data, avoiding presupposed codes

and allowing codes to emerge naturally from the content. Throughout the analysis, three authors

discussed new codes, developed a preliminary codebook, and continuously evaluated the rationale

for assigning specific codes. We conducted the entire procedure through continuous comparison

during coding sessions and used negotiated agreements [49, 54].

Our analysis resulted in the identification of codes related to (1) the challenges of monitoring

contributor retention in OSS, (2) methods for monitoring contributor retention, and (3) experiences

of managing retention in OSS. The three researchers agreed on 10 challenges in monitoring

contributor retention (see Table 3).

4.1.2 Triangulation I: Literature Review [. We conducted a multi-vocal literature review to trian-

gulate the challenges in managing contributor retention that we learned from the interviews and

to investigate whether we overlooked any additional challenges.

Scope of Literature Review: Our literature review was designed to cover both academic and

gray literature (e.g., OSS blogs), as studies have mentioned that disconnection and miscommunica-

tion between research and industry remains prevalent in Software Engineering (SE) communities

[104]. OSS practitioners often share their experiences on blog platforms, which academic studies

might overlook. By including both literature resources, we aimed to provide a more comprehensive

understanding of the challenges in managing retention in OSS.

Keywords: We determined a list of search keywords to ensure the relevance of the captured

studies about retention in OSS. We used three studies on retention management in OSS that we were

already familiar with to decide on keywords [99, 109, 152]. Proposed search keywords included,

“retention,” “disengagement,” “turnover,” “inactive”, “abandonment”, “survive,” and “survival”. We

added “Open Source" or “OSS" to each string to focus on the OSS community.

Academic literature review: We required the search keywords to appear at least once in

the title, abstract, or keywords. This approach is consistent with existing systematic literature

reviews in OSS research [44]. The digital libraries (IEEE Xplore, ACM Digital Library) we used have

been frequently utilized in other systematic literature reviews in software engineering [8, 44, 131].

Additionally, following the recommendations of Kitchenham and Brereton [71] for secondary

studies in computer science and software engineering, we employed backward snowballing to

identify any relevant studies we might have missed.
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Pilot search queries in academic digital libraries: Before applying the search string across

the digital libraries, we conducted a pilot search to validate the query. We used three control studies

[99, 109, 152] to test the search query, verifying that these studies were retrieved.

Academic literature list: Our initial search after removing duplicates resulted in 256 publi-

cations. Then, the first and second authors read the titles and abstracts and only selected papers

focused on retention in OSS; we only kept papers with more than five pages; those with less than

five pages are usually not considered full research papers in top-tier venues (e.g., [2, 3, 44]). When

we finished filtering out papers, 24 remained.

To collect additional studies, we performed a single iteration of backward snowballing [71, 140],

looking for further studies published in journals and other conferences. This search resulted in us

adding 11 papers to our literature list, resulting in a final total of 35 academic papers.

To assess the completeness of our list, we performed a completeness check [44] on the three

most recent studies from our list: [21, 98, 130]. This step ensured we did not miss any relevant

studies, as we only performed a single iteration of backward snowballing, and keyword search

results may have missed some related studies. The first two authors independently reviewed every

reference in these three papers, listing those relevant to contributor retention. The two authors

then reviewed each other’s lists and reached a negotiated agreement. In the end, we found 35

academic studies, with only one missing from our list [100]. Thus, our completeness ratio is 99%,

with one additional paper being added to our original list, resulting in a final total of 36 academic

papers (See the Supplementary Materials for the list of academic literature [41]).

Gray literature review: We searched the top 50 OSS blog platforms from the list of “Best

Open Source Blogs and Websites” on Feedly.com [39]. These blog platforms included Open Source

Initiative [93], Google Open Source Blog [59], Linux.com [86], the Software Freedom Conservancy

blog [116], Fedora People [38], and other foundation-based platforms. We removed 18 platforms

from the list as they were either project-specific, solely released project updates, or personal web

pages (See the Supplementary Materials for the list of gray literature platforms [41]). Unlike larger

OSS blog platforms, which typically undergo some review and reflect common or widely accepted

practices within the community, personal web pages can present unverified opinions, making

them less reliable. We used the exact search string that we used to find academic literature, which

resulted in 35 blog articles (See Gray Literature References [G1] - [G35]).

The first two authors independently reviewed papers and blog content to find any challenges

related to monitoring contributors’ retention. We held weekly meetings to present our findings

and discuss the identified challenges until we reached an agreement. The challenges agreed upon

in this open coding iteration were added to the interview results.

4.1.3 Triangulation II: Expert Validation survey�. We then conducted an expert evaluation survey

to triangulate the challenges of managing retention.

Survey design: Our survey contained 14 questions, including closed- and open-ended questions.

The survey started with three demographic questions regarding gender, OSS experience, and

experience as OSS managers. The following 10 questions aimed to understand the participants’

agreement with the challenges we identified in managing contributors’ retention. The final question

was open-ended, asking participants to list any challenges not listed in the survey.

Pilot survey:We conducted five pilot studies with graduate students (n=3) and OSS contributors

(n=2). After each pilot study, we collected feedback, which we used to refine the survey. For example,

pilot study participants suggested adding explanations and short examples for each challenge. See

the supplementary materials for the survey questions [41].

Participant recruitment: Once we finalized the survey, we began the recruitment process

by contacting five community managers new to the study (i.e., didn’t participate in the earlier
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Table 2. Expert survey participant demographics

ID Gender OSS experience Managing experience
SP1 Man More than 10 years SML

SP2 Woman 3 years but less than 5 years S

SP3 Woman 3 years but less than 5 years SM

SP4 Man More than 10 years L

SP5 Man More than 10 years SML

SP6 Man 5 years but less than 10 years SML

SP7 Man More than 10 years SML

SP8 Man More than 10 years S

SP9 Man More than 10 years L

SP10 Woman More than 10 years SML

SP11 Man 1 year but less than 3 years M

SP12 Prefer not to say 5 years but less than 10 years L

SP13 Man 5 years but less than 10 years L

Managing experience: Small projects (1-25 contributors),

Medium projects (26 - 100 contributors), Large projects (>100 contributors)

interviews) and had more than five years of experience managing OSS communities. These com-

munity managers helped us recruit 15 participants. After removing seven incomplete answers, we

had 13 valid responses. The demographics of the survey participants are shown in Table 2. Nine

out of 13 participants have experience managing large projects (more than 100 contributors), and

five mentioned having managed small to large communities. The diverse OSS and management

experiences provided a foundation for effectively validating the identified challenges.

Survey analysis:We quantitatively analyzed the survey’s closed-ended questions to understand

participants’ level of agreement on the identified challenges in contributor retention monitoring.

We did not receive any responses from the open-ended questions regarding new challenges.

In summary, our analysis of the interviews revealed 10 challenges. During the literature review,

we found no new challenges; 10 out of 10 were validated from research studies, and nine (out of 10)

challenges were validated from blog posts, as shown in Table 3. The survey responses helped us

triangulate the 10 challenges, as shown in the last column of Table 3. Dark green indicates “strongly

agree”, and light green indicates “agree”, with each challenge receiving support from more than

half of the participants.

4.2 Results
Here, we unpack the challenges of managing contributor retention, which we group into four

categories: (1) workload and time constraints, (2) fragmented contributor and contribution track-

ing, (3) contributor disengagement, and (4) data privacy. Table 3 presents these challenges. For

each challenge, the table includes its definition, an example, and supporting evidence from our

triangulation validation.

4.2.1 Workload and Time constraints. C1. Lack of a Retention Management Mechanism:
Participants described the absence of a mechanism or infrastructure to support contributor retention

efforts. Instead of relying on streamlined or automated tools to infer disengagement, community

managers have to resort to manual, piecemeal methods: scanning spreadsheets [P2], reviewing

mailing lists [P1, P6], or relying on personal familiarity with contributors [P2, P4]. As one participant

noted, “I derive a lot of the data manually” [P3]. Relying on manual processes is impractical for

large-scale communities with thousands of contributors [12, 81, 150]. As OSS communities grow,

managers struggle to track and combine diverse data sources and metrics to gauge engagement

and retention accurately [4, 118, 122].

C2. Overwhelming Responsibilities for OSS Community managers have been widely

reported in OSS communities [G2, G3, G4, G5, G6, G7, G8, G9, G10, G11, G12, G13, G14, G31]. One
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Table 3. Challenges of managing contributor retention.

ID Challenges in
managing retention

Example (It is
challenging to...)

Participant
ID Academic literature Gray Literature Survey (N=13)*

Workload and time Constraints

C1

Lack of a Retention

Management

Mechanism

manage retention

due to lack of tools

for diagnosis and

insight.

P1, P2, P3,

P4, P5, P6

[4, 81, 121]

[12, 79, 122]

[81, 150]

[G1]
31% 23% 15%8% 23%

C2

Overwhelming

Responsibilities

allocate time effectively

to balance responsibilities

while monitoring retention.

P2, P3, P4,

P5, P6

[79, 119, 128]

[14, 68, 81]

[12, 91, 109]

[13, 81, 144]

[G2, G3, G4]

[G5, G6, G7]

[G8, G9, G10]

[G11, G12, G13]

[G14, G31, G33]

69% 8%15%8%

C3

Challenges of

Managing

Turnover

identify candidates with

equivalent skills to mitigate

the impact of turnover.

P2, P3, P4,

P5, P6

[121]

[G15, G16, G17]

[G18, G19, G20]

[G26, G30, G32]

54% 38% 8%

C4

Time-consuming to

Engage and Grow

the Contributor Base

dedicate sufficient time

to interact with and support

contributors effectively.

P1, P2, P3,

P5, P6

[121] [G35]
54% 38% 8%

Fragmented Contributor and Contribution Tracking

C5

Challenges in

Tracking

Project Data

gain a clear view of

overall retention trends

within the project.

P3, P6

[13, 79, 143]

[100]

[G22, G23, G28]
39% 15% 31% 8%8%

C6

Challenges in

Tracking

Contributor Data

aggregate and analyze

contributor activities

and engagement to identify

at-risk members.

P2, P3, P6

[13, 79, 143]

[100]

[G1, G23, G27]

[G29]

31% 23% 15%8% 23%

C7

Challenges in

Acknowledging

Hard-to-Track

Contributions

identify and recognize

untracked contributions,

such as marketing efforts.

P1, P2, P3,

P4

[13, 100] [G11, G24, G25]
46% 23% 31%

Managing Diversity and Contributor Retention Risks

C8

Challenges in

Fostering Inclusive

Collaboration

evaluate the demographics

of contributors at risk of

disengagement.

P1, P2, P3,

P4, P5, P6

[99, 128, 135]

[G10, G17, G21]

[G24, G26, G27]

[G32, G33, G34]

39% 46% 15%

C9

Challenges in

Anticipating

Contributor

Attrition

track contributor

activity to identify

early signs of

disengagement.

P2, P3, P6

[77, 81, 144]

[99, 105, 152]

[12, 13, 109]

[14, 110, 143]

[35]

[G15, G16, G30]

[G32, G17, G18]

[G19, G20]

15% 39% 23% 8%15%

Data Privacy

C10

Challenges in

Ensuring Data Privacy

While Tracking

ensure the confidentiality

of contributor data during

tracking processes

P1, P3 [6, 99, 151] -
39% 15% 46%

The dark green section represents the percentage of participants who “Strongly Agree,” while the light green section shows those who “Agree.”

The gray section corresponds to “Neutral,” the light red corresponds to “Disagree,” and the red section to “Strongly Disagree.”

Blog noted, “Lack of time was cited as the leading reason ‘not to contribute’ and a motivation to leave
a community” [G6]. Similarly, one interview participant mentioned they were “already probably
putting in somewhere between a 50–70 hour work week” [P3], while another noted that “doing the
interpersonal work communities need to grow is overwhelming” [P2].
C3. Challenges of Managing Turnover: Turnover within OSS communities can undermine

sustainability by causing knowledge loss and increasing onboarding costs for newcomers [68, 79, 81,

119, 128]. “87% of hiring managers experience difficulties recruiting enough open source talent, similar
to last year when 89% reported challenges in finding the right mix of experience and skills” [G18]. Our
interview participants similarly reported that managing turnover is challenging “because even if
someone isn’t a ‘maintainer’, if they’ve been responsible for most of the code changes in our database
backend driver, losing them abruptly and unexpectedly is still going to be a problem for the project”
[P3]. Consequently, it can be difficult to identify candidates with comparable expertise to replace

contributors who leave the project. Such incidents may discourage community managers, which

can in turn force them to leave the community [14, 144].

C4. Time-consuming to Engage and Grow the Contributor Base: P2 described the personal
effort involved in keeping contributors engaged: “Usually, if someone has been active and then goes
inactive, I will reach out and say, ‘Hey, what’s up? No pressure, just wanted to reach out and see
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how you’re doing.’ And then, at that point, people will respond nine times out of 10, and someone
will explain” [P2]. However, such individualized interaction is not feasible in day-to-day practice,

especially for large communities; actively engaging with and cultivating a vibrant contributor base

is time-consuming [121]. “Make sure you’re prepared to spend the time doing community building
and interacting with people to make it truly shine. We struggled with that early on, and it really hit us
hard” [P5].

4.2.2 Fragmented Retention Data. C5. Challenges in Tracking Project Data: Project retention
indicators take many forms, such as the number of active contributors, the number of contributors

who have left, the number of newcomers joining, and are often scattered across multiple channels,

including pull requests and issues. Because of this, community managers find it challenging to

assess the overall retention health of their projects “Sometimes I need to see the overall trend across
a project or several projects at once if they’re related to each other.” [P6]. This process demands

substantial effort because it involves collecting fragmented project data and aggregating them

[13, 79, 100, 143].

C6. Challenges in Aggregating Contributor Data: Delving into details about individual

contributors, such as understanding their trajectory, identifying where they are stalling, and

recognizing the types of work they excel at, is difficult, but important to find and support at-risk

contributors. No existing tool provides such insight “There are many other times when I want to
see the overall trend for a particular person” [P6]. Such inability to unify contributor-specific data

impedes efforts to diagnose disengagement and proactively support at-risk members [G1, G23].

C7. Challenges in Acknowledging Hard-to-Track Contributions: Appropriately recogniz-

ing various forms of contribution in OSS is difficult, mainly when contribution tracking relies on

‘repository visible’ metrics (e.g., commits, pull requests) [13, 100]. The concept of “glue work”, first

introduced by Tanya Reilly [103], refers to the essential yet frequently overlooked contributions in

software development that hold teams and projects together. This issue is especially prevalent in

OSS communities, where the dynamic nature of volunteer-driven collaboration can obscure the

importance of these crucial efforts (e.g., PR reviews or mentoring) These types of glue work often

remain in the shadow of feature code development [G11, G24, G25].

4.2.3 Contributor disengagement. C8. Challenges in Fostering Inclusive Collaboration:While

fostering a welcoming environment for contributors with diverse backgrounds is beneficial [50, 99,

128, 135], it places additional demands on community managers who are often already overwhelmed.

Studies show that contributors may face barriers rooted in their different backgrounds, such as

their English proficiency, cultural differences, and gender [99, 128, 135]. These concerns have

drawn increasing attention across OSS communities [G2, G8, G15, G21, G24, G32]. “I don’t know
the demographics. It is highly international; there are people from all over,” [P6].

C9. Challenges in Anticipating Contributor Attrition: Anticipating contributor attrition
involves more than observing overarching trends; it requires analyzing each contributors’ history

of participation [12, 13, 77, 81, 99, 105, 144, 152]. Prior research suggests that examining a contrib-

utor’s historical activities can offer early indicators of potential departure [109, 152]. However,

systematically monitoring this information is a challenging task for practitioners. “You can analyze
the mailing list and compare it with the commit logs and the bug tracker to see who has been active for
a long time, but I’ve observed many of the same names remaining active over the years” [P6]. In some

large projects, managers only realize a contributor has left after noticing the project encountered a

failure [79].

4.2.4 Data Privacy. C10. Challenges in Ensuring Data Privacy While Tracking: When com-

munity managers dedicate considerable effort to aggregating contributor data for retention tracking,
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data privacy becomes critical. Understanding contributor backgrounds is essential for fostering

inclusivity and improving retention strategies. However, this process introduces privacy challenges,

especially when data inaccuracies exacerbate existing issues [81, 99]. “But the problem you encounter
is that it delves into personal data about people, right? So, it becomes really hard when you start
measuring this and considering who gets access to it and how you ensure people’s private information
remains private. Therefore, in some cases, we don’t measure it because we’re too concerned about doing
it" [P1].

4.2.5 Triangulation. To validate the interview results, we carried out two forms of data triangula-

tion: (1) a literature review of academic and gray literature and (2) a survey.

Triangulation with Literature Review: All 10 identified challenges were also discussed in academic

literature, with the most frequently discussed challenges being C1 (lack of retention mechanism),

C2 (overwhelming responsibilities), and C9 (anticipating contributor attrition). The gray literature

supported 9 out of the 10 challenges; C10 (ensuring data privacy while tracking) was not supported

in our gray literature review. The top-3 reported challenges in the gray literature were C2, C3, and

C9. This shows that both academic and gray literature are well aware of the problem of maintainer

burnout because of being overwhelmed with responsibilities (C2) as well as challenges in being

able to predict contributor attrition (C9).

Triangulation with Survey Responses: For all 10 challenges more than 50% of survey respondents

agreed (strong agreement/agreement shown by dark/light green bars) that these challenges exist in

their projects. The top 3 highest rate of agreements were for challenges C3 (managing turnover), C4

(engage/grow contributor base), and C8 (fostering inclusive collaboration). The list of the top-3 are

different from what we found in the academic literature, but this is likely because the challenges

are project dependent.

5 STRATEGIES IN MANAGING CONTRIBUTORS RETENTION
This section introduces strategies to support managing contributor retention, derived from a review

of 36 studies on OSS retention. These strategies highlight practices and approaches that community

managers can adopt to improve contributor engagement. As part of our DSR process, we continued

to follow a triangulated, iterative build–evaluate cycle [36, 107] to validate the practicality and

helpfulness of the synthesized strategies. Figure 1 provides an overview of our process, which

comprises: (1) a literature review ([: this section), (2) user-centric design approach (²: Section 6),

and (3) case studies with future users in their OSS communities (¨: Section 7). In this section, we

discuss how we identified strategies from the literature review.

5.1 Method-literature review ([)
To identify potential strategies for the challenges we have identified, we revisited the set of 36

studies related to OSS retention from Section 4. We reused the search results from Section 4 since

the search keywords used to identify these papers were not limited to only challenges but included

all aspects of retention in OSS. We did not include gray literature at this stage because we plan to

directly engage with OSS community managers to gather their experiences and opinions, thereby

gaining broader, real-world insights into how these strategies can be practically scaled.

Each of these studies had focused on one or set of challenges in retention management and

proposed recommendations for practitioners. For instance, some studies emphasize the importance

of closely monitoring and engaging newcomers to enhance retention rates [12, 35, 35, 55, 77, 99, 109,

119, 121, 123, 123, 123, 150–152]. Other studies provide information to community managers that aid

in retention management [99, 121, 122, 133, 150]. Additionally, several studies have explored using
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Table 4. Strategies for Mitigating Challenges in OSS Retention Management

ID Strategy Description Function Challenges Addressed References
Community Engagement and Retention Analytics

S1

Track

Project

Engagement

Tracks contributor engagement

by analyzing activities, retention

trends.

Diagnose

Disengagement

C1, C2, C5,

C6, C7

[81, 113, 144]

[4, 13, 99]

[35, 108, 150]

S2

Track

Newcomers

Tracks new contributors,

analyzing their participation

patterns and engagement levels.

Diagnose

Attrition

C1, C2, C4,

C6

[77, 99, 119]

[12, 123, 152]

[35, 109, 150]

[122, 151]

S3

Track

Individuals

Contributions

Tracks individual contributor

activities to evaluate their level

of engagement, contribution

patterns, and impact within

the project.

Diagnose

Disengagement

C1, C2, C5,

C6, C7

[35, 123, 150]

[110, 144, 151]

[99, 108, 109]

[22, 79]

S4

Predict

Contributor

Attrition

Identifies contributors

who are at risk of

disengagement

Diagnose

Attrition

C1, C2, C3,

C5, C6, C9

[81, 105, 144]

[4, 81, 152]

[35, 87, 90]

[96, 133, 143]

S5

Understand the

Impact of

Attrition

Analyzes the impact of

contributor turnover on

different project areas

Diagnose

Project

Health

C1, C2, C3

[16, 33, 143]

[81, 143, 144]

[147]

S6

Promote a

Welcoming

Environment

Understand contributors’

backgrounds to foster a

welcoming environment.

Diagnose

Disengagement

C8

[81, 99, 128]

[67, 133, 135]

[40, 106]

[92, 117]

Project and Contributor Management

S7

Ensure

Privacy

Practices

Implements data privacy to

protect aggregated contributor

information and sensitive data.

Compliance C10

[81, 99, 126]

[9, 141]

S8

Automated

Notifications

Uses automated notifications

to provide updates on the

project health.

Reduce

Workload

C2

[68, 119, 121]

[83]

S9

Utilize Tools for

Contributor

Engagement

Employs engagement tools

to enhance contributor

interactions

Reduce

Workload

C2, C4

[22, 119, 121]

[68, 122]

statistical models to predict the likelihood of contributors leaving a project, offering community

managers the necessary insights to take proactive measures [4, 12, 35, 81, 81, 87, 105, 133, 144, 152].

We conducted another round of open coding protocol on these 36 academic studies in our primary

list to focus on potential strategies for managing retention. During the analysis, each emerging

code was compared to the existing codes to determine whether it represented a separate category

or was a subset of an existing code. The first three authors applied this procedure via continuous

comparison throughout the coding sessions [49, 54]. Any disagreements during the sessions were

resolved through a negotiated agreement to maintain reliability [54]. In total, we synthesized nine

strategies (Table 4).

5.2 Result
To address the challenges identified in Section 4, we synthesized nine strategies that OSS community

managers can use to diagnose, track, and respond to retention-related issues. Table 4 summarizes

these strategies and maps them to the corresponding challenges. These strategies are grouped

into two categories: (1) Community Engagement and Retention Analytics and (2) Project and

Contributor Management. For each strategy, the table presents a description, its function (e.g.,

diagnose, reduce workload, and compliance). For example, S1 (Track Project Engagement) monitors

contributor activity and retention trends to diagnose potential emerging disengagement.
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5.2.1 Community Engagement and Retention Analytics. Strategies in this category focus on creating

statistical analysis to help community managers take proactive action.

S1. Track Project Engagement: Understanding engagement is essential for community man-

agers to manage retention, as it serves a diagnostic function by surfacing early signs of disen-

gagement [81, 113, 144]. For example, Schilling [108] mentioned the importance of monitoring

turnover rates, which helps assess whether the project’s retention rates are healthy. Zhang et al.

[144] recommended tracking the number of newcomers and members who left, while Lin et al. [81]

emphasized measuring the average tenure days to understand retention. Similarly, Sharma et al.

[113] and Qiu et al. [99] analyzed retention using contribution activities. Together, these metrics

can provide a comprehensive mechanism to track project engagement and support community

managers [4, 13, 35, 108]. However, extracting this data can be time-consuming, “...I mean a lot of it
depends on me as the community manager keeping track of people which is hard...” [P2]. Additionally,
different metrics need to be actively monitored, many of which are fragmented across multiple

locations (e.g., issues, pull requests). Using this strategy therefore requires an automated monitoring

system.

S2. Track Newcomers: A key way to manage retention is to onboard newcomers and track their

progress to diagnose early signs of contributor attrition [35, 77, 109, 119, 150–152]. For example,

Steinmacher et al. [119] found that mentors help newcomers integrate into the project’s culture,

which requires them to monitor newcomers’ contributions and identify areas where support may

be needed [12, 123]. Similarly, Feng et al. [44] emphasized that effective onboarding strategies rely

on understanding newcomers’ specific challenges. Lee [77] mentioned that this process depends

on how well the organization can track not only who the newcomers are but also their activities.

This is a challenge because of the fragmented nature of OSS tools and data sources (e.g., relevant

data can be located across issue trackers, code repositories, and discussion boards), which makes it

difficult to piece together a cohesive picture of newcomers’ activities and progress [44, 45].

S3. Track Individual Contributions: Tracking each contributor’s activity, not only newcomers,

serves as a diagnostic function by providing insights into individual engagement and productivity

within the community [22, 35, 79, 109, 110, 144, 150, 151]. For example, Zhou and Mockus [150]

and Qiu et al. [99] highlighted that individual performance and engagement histories significantly

influence retention. OSS projects can build stronger relational ties by paying close attention to

the activities and social dynamics of individual developers [22, 79, 80, 109, 151]. However, current

platforms like GitHub and other OSS collaboration tools often disaggregate this information, making

it challenging for managers to track contributors effectively. Most existing tools, such as DevStats

[1], Amazon Dashboard [7], and Climate Coach [98], rarely provide aggregated data on individual

contributors.

S4. Predict Contributor Attrition: Tracking contributors’ attrition is important to help with

retention [4, 35, 81, 81, 87, 105, 133, 144, 152, G4]. For example, Phillips and Phillips [96] mentioned

that tracking attrition of high-impact members who choose to leave can help identify areas where

attraction/retention needs to be proactively managed. Research studies have proposed statistical

modeling approaches to analyze the risk of contributors leaving projects [35, 99, 143, 152]. However,

these approaches have yet to be integrated into practical tools for community managers.

S5. Understand the Impact of Attrition: Diagnosing project health by understanding the

impact of attrition helps to ensure that the project remains competitive and retains its most needed

contributors [81, 143, 143, 144]. For example, studies [16, 102] emphasize the need to identify which

parts of a project are most affected by contributor disengagement, enabling managers to understand

better and mitigate the effects of attrition. When contributors leave, community managers must

leverage data on existing contributors’ contributions to identify candidates to take over tasks,

thereby minimizing the negative impact of turnover [33, 74].
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S6. Promote a Welcoming Environment: Studies have found that a non-welcoming environ-

ment negatively impacts retention [92, 99, 106, 128, 133, 135]. One practical approach to creating a

welcoming, collaborative environment is to understand contributors’ backgrounds [99, 117], which

supports early diagnosis of exclusion risks and helps create conditions for long-term engagement.

For instance, Trinkenreich et al. [130] highlighted that when contributors’ varied backgrounds and

contributions are acknowledged, it can enhance collaboration and retention in OSS projects. Simi-

larly, being aware of contributors who are non-native English speakers can help projects recognize

the need for multi-language documentation [43]. However, collecting background information (e.g.,

where contributors come from and which affiliations they belong to) is challenging because it is

not readily available and often requires community managers to manually gather and analyze data

from multiple sources [81, 99, 135].

5.2.2 Project and Contributor Management. Strategies in this category emphasize automated man-

agement tools that enable streamlined processes for both contributors and community managers.

S7. Ensure Privacy Practices:While gathering contributor background information can support

inclusion initiatives, privacy concerns are a challenge. Efforts to anonymize developer information

can inadvertently lead to misclassifications, potentially causing distress among contributors [81, 99,

126]. Moreover, if such information is unavailable, using tools to aggregate data raises questions

about how to protect individual privacy [82, 126]. For instance, Wong et al. [141] and Andrade and

Borba [9] reported cases of contributors’ email addresses and affiliations leaking, raising significant

concerns for many organizations. Balancing the need for contributor information with privacy

protections requires careful consideration [154].

S8. Automated Notifications to Monitor Community Health could help support community

managers and reduce their workload [119]. Such automated notifications can provide timely updates

on problems or metrics that require attention [68, 119, 121]. For example, Lin et al. [83] found

that using automated notifications to highlight updates helps users quickly focus on important

information, reducing the need for constant manual monitoring. However, while dashboards like

DevStats [1] offer insights on community activity, they can sometimes add to the cognitive load

when community managers are already overwhelmed by routine tasks [72, 97].

S9. Utilize Tools for Contributor Engagement are important to help reduce community

managers’ workload. Automated processes, such as onboarding newcomers and offboarding contrib-

utors, help community managers save time while continuing to foster a collaborative environment.

For instance, Steinmacher et al. [119, 121, 122] highlighted that a smooth first contribution is critical

for increasing engagement and retention in OSS projects. Welcome emails often have the highest

open rates—up to 60% [24].

Another mechanism is to deploy pulse-check surveys that gather data on contributors’ well-being

and engagement levels [43]. Among the 36 OSS academic studies reviewed, 13 used surveys to

understand contributors’ experiences in OSS. However, continuously deploying such surveys while

addressing privacy concerns is challenging and time-consuming. Therefore, an automated survey

distribution system is essential for community managers to maintain consistent communication,

collect valuable feedback, and proactively identify potential reasons for attrition [137].

6 PROTOTYPE DESIGN (²)
Following the DSR paradigm, we decided to evaluate the efficacy of the above strategies by opera-

tionalizing them in a web-based prototype, enabling an in situ evaluation. The prototype acts as a

vehicle for intervention and knowledge generation, as DSR emphasizes validating technological

rules through real-world instantiation [36, 107]. Without a functional prototype reflecting real-life

data from their own projects, participants would be unable to assess the strategies’ effectiveness.
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Fig. 2. User-centered design process illustrating iterative design and implementation cycles, incorporating
multiple focus group discussions with over 100 OSS stakeholders.

Survey or interview-based evaluation requires recall of past experiences, whereas prototypes an-

chor feedback in interactive experiences, enhancing the consistency and reliability of responses

[51]. We followed a user-centric approach when implementing the strategies in our prototype by

conducting iterative focus group discussions with OSS stakeholders (OSS community managers

and maintainers) (Figure 2). These discussions helped: (1) bridge user expectations by clarifying

their needs and identifying obstacles in integrating the strategies into real-world context [114]; (2)

receive continuous feedback and make iterative modifications based on participants’ interactions

with the prototype [75, 153]; and (3) validate and prioritize features, ensuring that the prototype

aligned with both technical feasibility and user expectations [31].

This iterative refinement process contributes to the rigor of our study, as recommended in

the DSR paradigm, by gradually expanding the scope and realism of validation while managing

the risks associated with deploying interventions in operational OSS contexts [36, 107]. Our

iterative, context-sensitive approach, rooted in stakeholder engagement and practical feasibility,

helps mitigate potential disruption to ongoing OSS activities while ensuring that our strategies

reflect usable and reliable design knowledge prior to in situ evaluation.

6.1 Prototype Walkthrough
Before detailing how we employed the user-centric approach to implement these strategies, we

begin by presenting a walkthrough of the finalized prototype (Figure 3) to anchor and contextualize

our subsequent discussion.

Let’s take the example of Tyler, a community manager of an OSS project using our prototype.

Upon logging into the system, features in Section A provide automated support for engagement

and trend reports; using this, Tyler sets up onboarding emails to welcome new contributors and

schedules offboarding emails to stay engaged with departing contributors.

Tyler next explores features in Section B, which offers an overview of the project’s retention

metrics. This section displays statistics such as the number of active contributors, the number

of newcomers, and the project’s turnover rate. Tyler also checks the distribution of contributors

across demographic groups—specifically comparing affiliated contributors to volunteer contributors.

Noticing that the proportion of affiliated contributors (represented by the purple bar) is significantly

wider than that of volunteers (green bar), Tyler suspects a potential decline in volunteer retention.

To investigate further, Tyler compares the retention rates between these two groups.

Shifting the focus to Section C, Tyler checks the survival analysis by comparing affiliated and

volunteer contributors, observing that the survival rate for volunteers (green line) is lower than

that for affiliated contributors (purple line). The analysis reveals that less than 20% of volunteer

contributors remain active after one year, prompting Tyler to identify individuals at the highest

risk of leaving the project.

To continue this investigation, Tyler then moves to Section D to create a prediction model in

investigating the high-risk contributors who are leaving, using contribution activities such as

commits, pull requests, and issue tracking; they build a Random Survival Forest model [69] to
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D’D’ E’

Login_Name Creation_Date Full_Name

JOHN1 2014-09-23 John Smith

John1

John1

Top 10 Issue Tags Over the past Year for Contributor: Author
Proportions calculated as contribution per tag per month over total 
contributions per tag for the year

Top 10 PR Tags Over the past Year for Contributor: John1
Proportions calculated as contribution per tag per month over total 
contributions per tag for the year

D’

E’

Volunteer

X X X

Affiliated

Tensorflow

Tag2
Tag3
Tag4
Tag5
Tag6

Tag8
Tag7

Author

Tensorflow

Tag2

Author

TensorflowTensorflow

Tensorflow

Fig. 3. S1 – S9 represent strategy indices, as defined in Figure 4. Sections A–D illustrate different components

of the prototype, including automation setup (A), project retention overview (B), survival analysis (C),
contributor attrition analysis (D) and inactive/newcomer/Tag management (E). Additional detailed views are
indicated as D’ and E’, corresponding to contributor-specific data and tagmanagement. See the supplementary
materials for the walk-through video [41].

predict contributors at risk of disengagement. Upon identifying a contributor with the highest risk

score, Tyler clicks on their profile, triggering a detailed popup (D’) that outlines the contributor’s
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activity history. They notice this contributor has been actively involved with pull requests tagged

under [TensorFlow API].

To assess the potential impact of this contributor leaving the project, Tyler proceeds to the PR

Tag Management System (Section E’) and selects the [TensorFlow API] tag; they verify that this

individual is not the most critical contributor for that area. Therefore, there is no high risk for the

projects. Tyler repeats this evaluation for other high-risk contributors.

Lastly, to ensure that no contributors are overlooked, still within Section E, Tyler switches to the

Newcomer Table tab and Inactive Contributor tab to track recent newcomers and individuals who

have been inactive for over six months.

For additional prototype features and detailed technical specifications, please refer to the supple-

mentary documents [41].

6.2 User-centric Design Iteration
In this section, we describe how we operationalized different strategies in our prototypes discussed

in Section 5. We focus on identifying the information needed for each strategy, the data sources

leveraged, and the methodological decisions of implementation.

6.2.1 Step 1: Prototyping Strategies: The first step in operationalizing the strategies was to prototype
each strategy and identify what information was needed. Our research team held weekly meetings

(throughout one month) to discuss how to prototype each strategy, focusing on identifying relevant

data sources and determining the appropriate methods for implementation, which we describe

below.

Retention Metrics to Understand Engagement:We decided to use retention metrics that have
been discussed in existing OSS studies to operationalize S1. Track Project Engagement and S2.

Track Newcomers, including the number of active contributors [152], newcomers [119, 121–123,

143, 152], number of contributors who have left [12, 66, 108, 135, 144, 150, 152], total contributors

[12, 89, 150, 152], turnover rate [12, 81, 99, 135, 143, 144, 152], and the average tenure of contribution

(in days) [99, 108, 109, 132, 144, 150, 152]. Furthermore, it is also important to provide community

managers with a list of newcomers. By identifying newcomers early, community managers can

proactively offer mentorship or resources that improve their experience, ultimately increasing

retention and contributing to a sustainable contributor pipeline [42, 119, 120].

Contributor Engagement and Attrition Risks: Community managers need detailed infor-

mation to S3. track individual contributors, such as each contributor’s contribution history,

specificity (the part of the project they have worked on), and social network. Access to this in-

formation helps community managers better understand contributors’ engagement and identify

potential factors that may influence their participation [25].

In addition to static engagement metrics, proactive monitoring of contributors’ activity pat-

terns can provide community managers with early indicators to S4. understand contributor

attrition. Studies in OSS have utilized statistical models to predict the likelihood of individual

contributors leaving a project [13, 35, 35, 56, 109].

Once community managers acquire proactive information about declining contributor activity

and engagement, it’s important to S5. understand the impact of attrition on the project.

This involves assessing the contributor’s past contributions, determining the project areas that

might be affected by their departure, and identifying other team members who can assume those

responsibilities. One approach is to leverage the existing tagging systems widely used in issue-

tracking platforms [10]. For instance, issue tags can quickly indicate categories such as bug, feature,

and optimization, helping contributors identify areas of interest or expertise [70]. Similarly, in some

communities, pull request tags can indicate the progress or priority of changes [70]. Therefore,
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by analyzing the distribution of contributions across these tags and identifying the contributors

associated with them, one can gain insights into who is working on specific areas [136]. If a

contributor who has been heavily involved in a particular tag stops contributing, community

managers can identify the gap to find another contributor to take on the responsibility.

To S6. promote a welcoming environment, it is important for community managers to

understand if certain demographic groups have a higher risk of attrition [12, 81, 99, 135]; for

instance, monitoring retention rates between affiliated and non-affiliated contributors can reveal

disengagement patterns [62]. Existing studies have used the Kaplan-Meier survival analysis estimate

to compare demographic groups and identify potential retention imbalances within the community

[99]. In our prototype, we chose to use the commonly studied demographic lenses in OSS research:

newcomer status, gender, region, and affiliation [12, 43, 81, 99, 135].

Access Controls to Maintain Privacy Practice: For all of the information and aggregated

data we have discussed above, access control mechanisms to S7. ensure privacy practices, such

as secure login systems, are essential in protecting sensitive data within OSS projects to reduce

the risk of unauthorized exposure [95]. Features such as a login page that only allows community

managers to sign up – with sign-up requests being sent to a designated administrator for approval

– help ensure that sensitive information is kept private to the fullest extent possible.

Automated Approaches to Community Health Monitoring and Contributor Engage-
ment: S8. Automated notification to monitor community health is essential to help com-

munity managers with their workload. In our prototype, we incorporated a feature that allows

community managers to schedule notifications for project reports that include data such as the

number of newcomers who have joined or contributors who may be leaving. This approach ensures

that managers receive information they consider relevant in a convenient manner.

Regularly engaging with contributors is vital for addressing disengagement early [32, 120].

However, managing high volumes of routine communication can be time-consuming and may lead

to burnout. To mitigate this, we propose to S9. utilize tools for contributor engagement.

For example, automating the sending of welcoming emails to onboard newcomers, expressing

gratitude to departing contributors, and conducting wellness surveys via email can foster a positive

community environment. These automated interactions help maintain consistent communication

and support within the community.

6.2.2 Step 2: Initial Prototype: We designed the initial prototype by following the design principles

outlined in Few [47] to display the necessary information from the previous step. Three researchers

summarized these design principles, ensuring that each design element chosen for implementa-

tion was grounded in these established guidelines. We began with low-fidelity prototyping and

conducted two sandbox sessions to finalize the low-fidelity prototypes. We then used Figma
3
to

design the prototype with interactions. The detailed design guidance we followed can be found in

supplementary documentation [41].

6.2.3 Step 3: Collecting feedback from stakeholders: The next step in our design approach was to

gather stakeholder feedback, allowing stakeholders to freely express their ideas and provide insights

on how users might interact with the tool [18]. As shown in Figure 2, we collected four rounds of

feedback, including three focus group discussion sessions with OSS conference participants and 10

one-on-one consultation sessions with OSS community managers.

Stage I. Initial Feedback from Focus Group Discussion I: We had our first focus group

discussion at the FOSSY Conference 2023 [115]. We used a Figma high-fidelity prototype for this

session instead of an implemented version for flexibility in quick iterative improvements.

3
https://www.figma.com/prototyping/
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The focus group discussion session was about an hour long, and we spent the first 10 minutes

showcasing the prototype’s features and functionalities while the remaining time was allocated for

audience feedback. The first and last author led the group discussion. There were 20 participants

from whom we collected various suggestions, which ranged from topics such as UX design to

backend work. One of the main pieces of feedback we received was about predicting the likelihood

of a contributor leaving the project. Our audience suggested that the variables used in predictions

should not be fixed, as different projects have different engagement patterns. They emphasized

that the users should decide the metrics, as different communities can have unique characteristics

and needs.

Discussion and Improvement: After the focus group discussion, the research team convened

to discuss and iterate over these feature requests and implementation through weekly meetings

spanning one month. To better incorporate the main suggestion from the audience, we also agreed

that when predicting the likelihood of individuals leaving the project, we should not be limited

to a particular statistical model (regression). Thus, we decided to implement all three standard

survival models: Cox regression [27], neural network [37] and random forest [69]. This approach

gives users more flexibility to fit different variables and select models based on their preferences

and needs. Additionally, we provide an indicator for showing the performance of each model to

help them select the most suitable model (for their metrics of interest). This ensures that users can

make data-driven decisions when interpreting and applying their projects’ results.

Another requested feature was to list inactive contributors [28], defined as those who have paused

their contributions for more than six months but less than a year. This report allows community

managers to identify and target these contributors with tailored re-engagement strategies.

Stage II. Initial Implementation and Consultations with Kubernetes and Flutter: In
this stage, we implemented the first version of the prototype. The initial implementation closely

followed the high-fidelity prototype. We chose to use the Flask framework of the Python language

[11] for implementation, as it is a low-cost, efficient, and quick approach.

Instead of placeholders for data usage, we used actual OSS project data for the implementation,

which also helped test the prototype’s scalability and usability. We chose Flutter
4
as a use case

because (1) it has a large community with more than 500 contributors and over 10 years of history

and (2) is very active, with more than 10 issues/pull requests updated every day. Additionally, we

had access to talk to the Flutter community managers to collect feedback.

All features were implemented using CSS, HTML, and JavaScript. REST APIs were leveraged to

pull data from Flutter’s GitHub repository. For this proof of concept implementation, we chose

the simplest inference tools for identifying contributor demographic information. We inferred

contributor affiliations based on email domains (e.g., google.com vs. gmail.com). Non-corporate

email domains were classified as unknown. To infer gender and region of contributors, we used

the Namsor API [112], a name inferencing tool that estimates the gender of an individual with

a probability scale from -1 to +1, by incorporating the individual’s full name and geographic

information. However, relying solely on geographic data from GitHub profiles reduces precision

[134], mainly when contributors’ GitHub locations differ from the geographic origin of their names.

To address this, we implemented a two-step process: first, we used the Namsor API to predict the

geographic origin of contributors’ names; then, we used both the predicted origin and the full

names to infer contributors’ gender. To minimize errors, we applied a probability threshold, filtering

out predictions with confidence levels below 90%, in line with best practices from prior research

[23, 112]. For implementing the survival analysis for Flutter, we conducted preliminary tests to

4
Flutter GitHub Repository. Available at: https://github.com/flutter/flutter
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validate the reliability of our approach as detailed in [40]. This prior work provides a foundation

for incorporating survival analysis into our prototype.

Consultations with Expert (Flutter): After implementing the system, we had a two-hour-long

meeting with the project manager of Flutter to walk him through the system and its features. He

validated the need for these strategies when it came to community management and provided

valuable feedback. For example, he suggested creating a contribution impact score to quantify and

compare the impact of individual contributors’ efforts in an aggregated form.

Discussion and Improvement: We addressed this primary feedback through the implementation of

a “contribution impact score”, which calculates a contributor’s score by considering their number of

contributions in proportion to a baseline score configured as the highest number of contributions

made by a contributor. For example, if the top contributor has 50 commits, another contributor

with 40 commits would receive a score of 0.8. In our case, we treated all types of contributions

as equal as a proof of concept. Future iterations can refine this strategy by assigning weights to

different contribution types for a more nuanced assessment tailored to the specific need of the OSS

community.

Consultations with Experts (community leaders from CNCF):We collected the next round

of feedback with the modified prototype. We attended KubeCon 2023 [84] and invited 10 community

leaders from different communities to review our (implemented) strategies.

The sessions were informal, with each lasting 15-20 minutes. We used the first three minutes to

introduce the strategies through a walkthrough of the prototype and then let the project leaders

freely explore the system to provide feedback. We received comments on what data sources to

use as well as the look-and-feel of the prototype itself. One community leader suggested that

strategies for engagement need to cover the entire community, which includes more than just the

main Kubernetes repository, as contributors in their community may contribute to different side

repositories depending on their project goals. Another project leader had concerns about collecting

demographic information, particularly because of privacy issues, and how to ethically ask people

to identify themselves.

Discussion and Improvement: Similar to the previous steps, we revisited and discussed the feedback

with our design team, refining the prototype accordingly. However, we could not find a suitable

solution regarding the privacy concerns about contributor demographic information. As a result,

we decided to hold another focus group discussion (see next stage) to gather additional feedback

from a broader range of participants.

Stage III. Iterative Refinement from Focus Group Discussion II: We hosted a focus group

discussion session at the Linux Plumbers Conference [85], where the majority of participants were

OSS maintainers, allowing us to get their feedback. During the discussion, we mainly focused on

how to help community managers understand the contributors’ background and privacy issues (one

of the sticking points from the prior stage). We presented our approach to infer contributors’ identity

by using research tools to infer their gender and region. Although participants had concerns about

approaches to infer contributors’ identities, this feature was also highly voted by the OSS community,

so we could not simply drop it. Some participants mentioned that if we use inference tools for gender

identity and a contributor sees it, it could offend the contributor if their gender is misclassified.

Additionally, some participants suggested we could ask contributors to self-report their identities,

but others raised concerns about newcomers having to self-report their identity when joining a

project, as it may be concerning for those who do not want to disclose this information or are

unsure about their long-term commitment.

Discussion and Improvement: We updated our prototype design such that demographic informa-

tion remains private behind login pages and administrators must approve access to this information.

Additionally, maintainers felt that such a system was not meant for the general public (where there
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can be more negative repercussions of revealing demographics) but could be used by community

managers to manage retention. We also gave project leaders the option to create wellness check sur-

veys so that contributors can self-report their demographics if they feel comfortable. Additionally,

we provided a mechanism to allow managers to review and correct the inference tool’s outcomes

to improve accuracy and give the community more flexibility.

We acknowledge that we implemented strategy (S6) by using automated inferencing of demo-

graphic information, which can be unsuited for real-world applications. Future implementations of

this strategy need to be designed for transparency and ethical data handling of sensitive data in

alignment with varying community norms, data protection regulations, and cultural contexts.

Stage IV. Final Feedback from Focus Group Discussion III:With the updated version of the

prototype, we conducted another focus group discussion at OPENUK 2024 [94], with over 30 remote

participants for a 30-minute session. Tenminutes were devoted to introducing the strategies through

a prototype walkthrough, followed by 20 minutes of open discussion primarily focused on clarifying

the prototype and its features. We received no further comments or suggestions; several attendees

expressed interest in using the prototype, and four participants later emailed the speaker to inquire

about adopting it for their communities. This feedback indicated that the prototype was ready for

in situ evaluation (See the supplementary documentation [41] for a prototype walk-through video).

7 IN SITU USER EVALUATION ¨

To enhance the rigor of our study and evaluate the strategies in real-world settings, we conducted

an in situ user evaluation, using the prototype features as a proxy to assess the effectiveness of the

retention strategies. In situ evaluation refers to assessing an artifact within the actual environment

in which it is intended to be used, offering ecological validity by capturing realistic workflows,

stakeholder roles, and decision-making contexts [29]. As demonstrated in Lechelt et al. [76], in

situ approaches allow participants to reflect on and interact with the system “in the moment,”

providing authentic, temporally grounded feedback that might otherwise be lost in post-hoc

reflections or surveys. We performed this evaluation by applying the prototype to two large OSS

communities—Pyomo/pyomo [125] and Microsoft/DeepSpeed [88]. Both projects have more than

100 active contributors.

We selected the projects to ensure they differed in their governance structures and application

domains to understand the generalizability and practicality of the implemented strategies. Pyomo is

a Python-based scientific software package widely used in academic settings, offering optimization

tools for modeling and analysis. Over the past seven years, it has been developed and maintained

by a community of researchers and practitioners in their spare time. DeepSpeed is a deep-learning

optimization library for PyTorch, sponsored by Microsoft and commonly adopted in the software

industry. It has nearly five years of history and a more corporate governance model. Recall a

maintainer involved in our user-centric design approach noted that Kubernetes contributors (see

Section 6) may continue working on sub-repositories. These two projects we selected for our in

situ user evaluation do not involve additional side responsibilities.

7.1 Method
Evaluation Approach. We adopted a cross-sectional evaluation of the project primarily to obtain

immediate, actionable insights about the effectiveness of the implemented strategies. Cross-sectional

evaluation designs have been widely validated for capturing current user behaviors and adop-

tion potential [73, 138], making them well-suited for rapid assessment. By contrast, longitudinal

approaches (e.g., diary studies) would be complicated by the inherently dynamic nature of OSS

projects. For example, new package releases or onboarding programs could introduce major shifts

in retention. To account for differences in perspectives and needs of individual managers, we invited
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Table 5. Demographic information of interview participants.

ID Community Gender OSS Experiences OSS Management Experience
PY1 Pyomo Man 3 to 5 years 3 to 5 years

PY2 Pyomo Woman 3 to 5 years 3 to 5 years

PY3 Pyomo Woman 6 to 10 years 3 to 5 years

PY4 Pyomo Woman > 10 years 3 to 5 years

D1 DeepSpeed Man 3 to 5 years 3 to 5 years

D2 DeepSpeed Man 3 to 5 years 3 to 5 years

D3 DeepSpeed Man 3 to 5 years 1 to 2 years

D4 DeepSpeed Man 1 to 2 years 1 to 2 years

all the governance members (project community managers) from both Pyomo and DeepSpeed to

participate in the study.

Evaluation Questions. As we used a web-based prototype to implement the strategies, we

leveraged the evaluation framework proposed by Lam et al. [75] for visualization tools. These

include: (1) What features are useful? (2) What features are missing? (3) How can features be

reworked to improve the supported work processes? (4) Are there limitations to the current

prototype that would hinder its adoption? (5) Is the prototype understandable, and can it be

learned?

We group these questions into two top-level evaluation questions:

EQ1. How does the prototype help project managers mitigate community management challenges?
This covers sub-questions (1), (2), and (5), and focuses on the prototype’s usefulness, its ease of

learning, and any missing features. It prompts participants to reflect on how the prototype supports

their retention management needs.

EQ2. How can the prototype complement project managers’ current retention management ap-
proaches? This aligns with sub-questions (3) and (4), assessing how the prototype integrates into

existing workflows and identifying potential barriers to adoption.

Participant recruitment.We first reached out to the project managers of Pymo and DeepSpeed

who had expressed interest in evaluating our prototype. These managers then helped us recruit

the remaining project manager team members. We recruited eight participants in total: four from

Pyomo and four from DeepSpeed. Table 5 shows participants’ demographics.

The study design was approved by the university’s institutional review board (IRB), which

determined that the study involved minimal risk. We compensated our participants with a $50

gift card for their time. The study was conducted in-person (n=3) or remotely (n=5) via Zoom,

depending on the participants’ preferences. All interactions with the prototype were browser-based.

Evaluation protocol. The study began with an introduction to the project, which described the

structure of the study, followed by three demographic questions: gender, OSS seniority, and project

leadership status. Participants then viewed a six-minute tutorial video. The video was designed to

ensure that information about the prototype was presented consistently to all participants. The

participants were then free to explore the prototype while thinking aloud about how they would

use it to manage their community, highlighting any features and information they found interesting

or that needed improvement. To ensure that participants understood the think-aloud process, we

prepared a practice session to walk them through the think-aloud protocol.

After the exploration, participants completed two sets of post-study questionnaires. The first set

of questions aims to understand participants’ agreement on “how each implemented strategy within
the prototype helped to mitigate retention challenges”. The second set explored “how the prototype
could complement or enhance participants’ existing community management strategies”. Additionally,
we included questions such as whether they would be willing to purchase it, recommend it to friends,

and continue to use it. Lastly, we asked open-ended questions, focusing on which features they
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Table 6. The table presents agreement levels (N=8) for identified challenges, proposed strategies, and future
adoption intentions.

Mitigate Challenge? Agreement (N=8) Complement Strategy? Agreement (N=8) Future Adoption? Agreement (N=8)

Overwhelming

Responsibilities

3 3 1 1

Track

Project

Engagement

5 1 2 Will you

recommend?

8

Challenges of

Managing

Turnover

3 3 1 1 Track

Newcomers

7 1 Will you

use?

7 1

Time-consuming to

Engage and Grow

the Contributor Base

4 3 1

Track

Individuals’

Contributions

3 3 2 Will you

purchase?

1 5 2

Challenges in

Tracking

Project Data

3 2 2 1

Predict

Contributor

Attrition

3 2 2 1

Challenges in

Tracking

Contributor Data

4 3 1

Understand the

Impact of

Attrition

4 2 1 1

Challenges in

Acknowledging

Hard-to-Track

Contributions

5 3

Promote a

Welcoming

Environment

1 5 1 1

Challenges in

Fostering Inclusive

Collaboration

2 3 3

Ensure

Privacy

Practices

3 2 2 1

Challenges in

Anticipating

Contributor

Attrition

3 2 2 1 Automated

Notifications

5 2 1

Challenges in

Ensuring Data Privacy

While Tracking

3 1 3 1

Utilize Tools for

Contributor

Engagement

5 1 2

The dark green section represents the percentage of participants who “Strongly Agree,” while the light green section shows those who “Agree.”

The gray section corresponds to “Neutral,” the light red corresponds to “Disagree,” and the red section to “Strongly Disagree.

liked or disliked and any other recommendations they had. See the supplementary documentation

[41] for details about evaluation design.

Before conducting the study with participants, we piloted it with two graduate research assistants

experienced in OSS research. Based on their feedback, we revised the study design, adding a think-

aloud practice to support participants unfamiliar with the method. To gather further input, we

presented our study design to a graduate HCI design class at Oregon State University, involving 30

graduate students. Feedback from the students and the professor led to additional revisions, such as

inviting a native English speaker to record the tutorial video to minimize language barriers. Finally,

we conducted two more pilot studies with OSS practitioners, iterating until no further feedback or

suggestions were provided. Refer to the supplementary materials [41] for details about the study,

tutorial videos, and study scripts.

Data analysis.We began by transcribing the video and audio recordings. We used qualitative

analysis to answer the evaluation questions by analyzing participants’ user experiences, their think-

aloud responses, and answers to post-study open-ended questions. Two authors independently

coded the four interview transcripts to identify initial themes. We then met to compare and discuss

codes using the constant comparisonmethod, refining them into a preliminary codebook bymerging

overlapping codes and creating new ones where necessary. The same two authors independently

coded the remaining interview transcripts using this codebook. After completing the coding, they

met again to review the code, negotiate differences, ensure consistency, and resolve discrepancies.

We also quantitatively analyzed the post-study questionnaire data to complement our qualitative

findings.

7.2 Results
EQ1. Helpfulness in Mitigating Challenges: Column one in Table 6 presents participant re-

sponses on how our prototype could mitigate community management challenges. Among the eight
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participants, there was strong agreement across all questions, with no more than one disagreement

for any challenge across the two projects.

Community managers found the prototype helpful in managing overwhelming respon-

sibilities [PY3, PY4, D1–D4]
5
. “I think the most helpful features are to understand contribu-

tions—specifically, the contributor activity section, which shows the top contributors for different
areas. That is very important, along with the at-risk information, as both help me plan the project’s
features” [D2].

Participants emphasized the prototype’s helpfulness in managing retention. “Seeing the overall
retention trend. That’s just interesting” [PY1]. “I know people leaving, how we can do with this limited
bandwidth. I’m always feeling guilty to not give praise. Early sign. When I notice it is too late” [D1].
Similarly, a participant noted the difficulty of tracking turnover manually, explaining, “The turnover
rate, I guess... Never thought of our repo that way... It’s not easy to track when someone’s gone... seeing
it in a number is more straightforward” [D2]. “Our biggest issue with retention is just actually being
able to get to and solve issues. If it helped us do that in a better way, especially with our top contributors,
solving their issues, you know, giving that priority. That would be a big help” [D3].
The prototype received unanimous agreement for its helpfulness in engaging contributors

[PY1–PY4, D1–D4]. Participants emphasized the importance of understanding and interacting with

contributors, particularly less visible ones. “Interacting with contributors... we get asked a lot who our
users are. We actually really don’t know... but the quiet people using Pyomo, we have no idea” [PY4].
D4 mentioned the potential to foster engagement: “You can send the email... help contributors feel
welcome, especially people [that] are not affiliated, but you encourage them to contribute”. Additionally,
the idea of automated features for personalized welcome emails resonated with PY2: “Having an
automated system to do kind of a personalized welcome, I think, is pretty neat... I’m not aware of an
easy way to do that”.

Another unanimous agreement was on the prototype’s helpfulness in tracking contributors’

data [PY2–PY4, D1–D4]. “If you need to learn about somebody who has done something, you have to
go to GitHub and check... There’s no way... aggregated, and all the contribution data of one person”
[D2]. Similarly, PY4 mentioned, “Aggregating the different types of contributions... I actually really
like that. I like what you’re pulling out about... whether certain sub-packages and those sorts of things
are getting support”.

Community managers found the prototype particularly helpful for recognizing hard-to-track

contributions that are not easily accessible through GitHub’s interface, which helped them better

understand the extent of each contributor’s engagement [PY1–PY4, D1–D4]. “This is the most
helpful for me because it gives me a chance to see people I don’t recognize and remember why they
contributed” [PY1]. “I think there are a lot of contributions, particularly in, you know, contributing
ideas through issue comments or contributing PR reviews and things like that. So just contributions to
keeping the repo healthy” [PY2].

Another aspect where the prototype demonstrated its helpfulness was in fostering inclusive

collaboration [PY2, PY4, D1, D3, D4]. PY1 mentioned “I like that idea a lot... In a community like
Pyomo or Spack, which is huge, you can toggle different demographics to compare with the overall.
If a contributor is left out, it can help identify if they need more support”. Similarly, PY2 mentioned

“Assessing the demographics of those who may disengage... I haven’t seen any other tools for gathering
GitHub statistics like this” [PY2].

However, we observed some reasons for disagreement in certain areas. Regarding maintaining

privacy, the responses were mostly neutral due to differing work environments. “Maintain privacy

5
PY: Pyomo participant; D: DeepSpeed participant.
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when aggregating contributors’ data... I’m going to put this as neutral because, you know, coming from
a national lab viewpoint, we have some strict ideas and policies around privacy” [PY2].

EQ2. Complementing Community Managers’ Current Management Approach: Column

two in Table 6 shows participants’ agreement on how the prototype complements their current

retention management strategies. The majority of participants agreed that the prototype effectively

complements their current strategies.

Participants agreed that the prototype could assist in tracking contributors’ activities and en-

gagement [PY1–PY3, D1–D4] and enhance interactions with contributors [PY2, PY3, D1–D4]. “I
think these statistics are interesting... seeing changes in activity could be interesting and useful. I also
think engaging with contributors is by far probably the most useful feature” [PY2]. One community

manager from DeepSpeed was surprised by the data provided, “Whoa, whoa, [...] active contributors”
[D1], and [D4] noted, “This could be super helpful for understanding which contributors may engage”.
In addition to tracking overall engagement, participants unanimously agreed on the value of

tracking newcomers [PY1–PY4, D1–D4]. “Tracking how many newcomers... must be useful” [D1]. “I
really like that in particular. The idea of being able to see the newcomers... especially in a community
like Pyomo, where a lot of us are paid to do it” [PY1].

However, there were a few aspects where we observed one instance of disagreement, particularly

around data privacy and contribution attrition. The reasons for this stemmed from differing

management and OSS philosophies. PY1 mentioned that “Maintaining privacy for contributors’
data... we don’t really care, so probably not just for us”. “Privacy part... I mean, it’s all just kind of
public data, in a way, anyways” [D4]. Similarly, in discussing contribution attrition, “For us... that’s
actually probably not the most important thing. I think there are a lot of people we know we’re going
to lose anyway” [PY4].
Lastly, column three of Table 6 shows participants responses for future adoption; we asked

participants three questions regarding their willingness to continue using the tool, recommend it to

other managers, and purchase it. All participants indicated they would recommend our prototype

to other managers. “I’m gonna say, I would definitely recommend it” [PY2]. Other participants

highlighted how it could help balance workloads: “You know, we only have limited space to run
PRs, so a lot of our stuff gets backed up” [D3] and “[it] could be helpful in balancing the workload
across different projects” [PY2]. Regarding the willingness to purchase the tool, participants gave

careful consideration, mentioning that any purchase decision would need to go through community

management meetings: “So the reason I’ll say ‘maybe’ on the willingness to purchase is because we
don’t have a lot of direct money” [PY1].

8 DISCUSSION
As we observed, managing contributor retention in OSS is a multifaceted challenge, requiring a

balance between automated mechanisms, privacy concerns, and access to retention-related data.

Our findings highlight several tensions that emerge in attempting to design effective retention

strategies while ensuring inclusivity and fairness.

Privacy vs. Data Aggregation. One tension we observed lies in the balance between protecting

contributors’ privacy and leveraging data aggregation for retention insights. While we can use

automated data collection to track contributors’ activities and predict attrition, it also raises ethical

concerns regarding the surveillance of these contributors. Our findings indicate that while commu-

nity managers benefit from tracking contributor activity to anticipate disengagement (C9), there

are significant concerns regarding data privacy and potential misuse (C10). Some participants hesi-

tated to implement predictive models due to ethical concerns surrounding monitoring contributor

behavior. The aggregation of contributor activity may expose individual disengagement patterns,

potentially affecting personal autonomy and raising questions about data ownership.
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Table 7. Triangulation of Challenges and Strategies in Managing Retention in OSS

Interview
Ü

Survey
�

Literature Review
[

User Centric Design
²

In-situ User Evaluation
¨

Challenges
Strategies

Automated Notifications and Engagement Fatigue. Another point that was evidenced during

our study was the role of automated notifications and outreach in managing retention. While the

literature showed that automated systems can help community managers reduce their workload

(S8) [139], several participants (P2, P4, P6) reported concerns that frequent notifications might

contribute to notification fatigue and disengagement (C2). Participants noted that contributors who

receive excessive automated messages may feel overwhelmed, perceiving a lack of personal touch

in interactions. Our results also suggest that the impact of automated outreach varies depending

on project size and governance structures. That said, it becomes important to work on further

understanding how personalization and contextual adaptation may be used in each specific case to

avoid harming the project instead of helping the maintainers.

Cross-sectional vs. Longitudinal Retention Insights. One interesting point to discuss regards

whether cross-sectional (snapshot-based) or longitudinal (historical) approaches provide more

useful insights for retention tracking. Our study found that many OSS projects rely on cross-

sectional retention analyses due to time and resource constraints (C5, C6). However, this approach

often fails to capture long-term contributor trajectories, leading to misinterpretations of short-

term fluctuations as retention failures. On the other hand, longitudinal tracking offers deeper

insights into contributor retention trends but introduces complexity and noise (C1, C2). OSS

community managers indicated that while they value historical retention data, sustained monitoring

is challenging due to competing responsibilities (P2, P3, P6). This underscores the need for hybrid

approaches that integrate both short-term and long-term retention signals, allowing maintainers to

identify both immediate risks and broader systemic trends.

Triangulation of Our Findings.We used triangulation to ensure the robustness and reliability of

our findings: challenges in managing retention and strategies in supporting contributor retention.

The summary of our triangulation is provided in Table 7.

We first investigated the challenges of managing retention in OSS through multiple triangulation

approaches. We began by synthesizing challenges from interviews with experienced OSS managers

whose extensive expertise laid the foundation for understanding these challenges. We then triangu-

lated these findings through a multi-vocal literature review of academic and community-driven gray

literature. Finally, we conducted a survey with OSS community managers with varying experience

levels as a final validity check. Refer back to Table 3 for summary of the complete triangulation

process and its results.

As for strategies in supporting OSS community managers in diagnosing and managing retention

challenges, to ensure their helpfulness and practicality, we also employed multiple triangulation

validation strategies. We began by synthesizing strategies through literature reviews. We then

operationalized them in a web-based prototype and conducted an in situ evaluation. The prototype

was designed using a user-centric approach, engaging over 100 OSS community managers through-

out the iterative development process to ensure the operationalized strategies in our prototype

were aligned with real-world needs. We then conducted an in situ evaluation within two OSS

communities. These evaluations confirmed their helpfulness and generalizability to real-world OSS

management. The complete results are summarized in Table 4.

Impact of Our Work. Our work addresses challenges in managing OSS communities, particularly

in managing contributor retention, which has become a distinct, complex task [60]. In larger
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communities, this responsibility often requires dedicated teams, reflecting the growing importance

of contributor management [60, 152]. Our research offers a consolidated list of challenges, enabling

future research and OSS governance committees to understand these issues better and address

them effectively. Meanwhile, our work also highlights the importance of responsibility in managing

contributors’ retention. Such emphasis helps OSS governance committees become aware of and

acknowledge community managers’ responsibilities and difficulties faced.

We provided a set of strategies to support OSS community managers in diagnosing and respond-

ing to contributor retention challenges. These strategies were integrated into a prototype that

demonstrates how they can be operationalized in practice. Validated through multiple rounds

of stakeholder discussions and in situ evaluations, the strategies provide a guidebook that OSS

communities can adapt to their specific needs. For example, current tools and practices in OSS

governance could integrate the strategies we synthesized to enhance their design and better address

the challenges faced by community managers.

Furthermore, our research approach serves as a showcase for identifying and establishing the

ground truth of challenges and strategies to OSS ecosystems’ unique social and organizational

dynamics. Our design approach is rooted in human-centered practices. By engaging stakeholders

throughout the process, we ensured that the strategies we reported in this study aligned with their

needs, goals, and challenges.

Future Design Opportunities: Incorporating Design Strategies with Large Language Mod-
els: Given the increasing prevalence of large language models (LLMs) and generative AI [65],

integrating these technologies with our design strategies can help automate retention management

tasks in OSS communities (S8 and S9). LLMs can enhance automated notifications by generating

personalized project activity summaries and identifying signs of contributor disengagement. By

analyzing contributor activity patterns, LLM-powered alerts can provide community managers with

actionable insights, such as flagging contributors who may need additional support or recognizing

emerging challenges that impact project health. Additionally, LLMs can generate contextualized

messages that balance encouragement and information, reducing the likelihood of generic or

overwhelming notifications. Moreover, LLMs can improve contributor engagement by personal-

izing engagement strategies. For example, community managers may not even need to draft a

generic onboarding message. LLMs can tailor recommendations for tasks, learning resources, and

mentorship opportunities based on contributors’ prior activity and skill levels.

Not All Turnover Is Equal: Rethinking Retention Metrics. While our study focuses on

surfacing and responding to retention challenges, it is essential to recognize that not all contributor

departures are inherently negative. Departures may occur for various reasons, some reflecting

natural or beneficial lifecycle events. For instance, contributors may disengage after completing

a specific feature they prioritized [15]; a pattern observed in our findings (C3, P5). Similarly,

maintainers may step down after years of service to avoid burnout and enable new leadership,

fostering community renewal [81, 90, 148]. Such transitions signal healthy community dynamics

and should not be treated as retention failures.

By contrast, departures driven by exclusion, burnout, or unresolved interpersonal conflicts pose

significant risks to community sustainability [90]. Future research could explore a typology of

departures, such that they are categorized as concerning (e.g., exclusion-driven), natural (e.g., task

completion), or positive (e.g., leadership transitions), to guide context-sensitive retention strategies.

Such a framework could enhance diagnostic tools, enabling community managers to prioritize

interventions to avoid negative disengagement while acknowledging natural or positive transitions.

Longitudinal studies of contributor trajectories could validate this typology by identifying patterns

of exit intent and informing more effective retention practices, as they could observe changes over

time to trace natural contributor behavior patterns [34].
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9 LIMITATIONS
Like any empirical study, our research contains limitations. Here, we discuss these limitations and

the measures we employed to address them.

The initial list of challenges was derived from the six participants, which may lead some to

question whether the challenges we identified were representative enough. To account for this,

we analyzed for saturation, and no new challenges emerged in the last two interviews. Note that

for qualitative analysis saturation, no minimum number of interviews is required for qualitative

research [52]; the focus is on achieving data saturation [111]. While some research debates the

necessity of a certain number of participants for achieving saturation [127], for example, research

suggested that most prevalent themes emerge within the first six interviews [61], and Creswell and

Poth [30] proposed that a standard range of five to eight participants is sufficient. To overcome

any limitation from the number of interview participants, we triangulated the challenges by con-

ducting multi-vocal literature reviews and expert evaluation surveys. Our participants represented

diverse backgrounds, including differences in gender, experience, and seniority in managing OSS

communities.

Following the same methodology, the identified strategies were also triangulated from a literature

review, user-centric approach, and in situ user evaluation involving over 100 stakeholders from OSS

communities. This approach allowed us to gather rich, contextual insights and iteratively refine

our strategies in real-world settings. We operationalized our strategy into a prototype through

user-centric design. This prototype represents one of countless possible ways to implement the

identified strategies. While it aims to understand the helpfulness and practicality of these strategies,

it is not intended as a fully scaled or universally applicable solution. Instead, the prototype serves

as a proxy in our triangulation methodology to validate the practicality and helpfulness of the

strategies in real-world OSS contexts.

During the prototype development phase, we adopted a user-centric design approach and itera-

tively collected feedback through three rounds of focus group discussions from different conferences

across different communities and regions. Due to conference constraints, we did not collect de-

tailed demographic data from focus group participants. However, to enhance generalizability, we

conducted these sessions across multiple OSS venues (e.g., FOSSY, Linux Plumbers, OpenUK) and

engaged participants from a range of communities and geographic regions.

To evaluate strategies and ground our findings in authentic usage settings, we conducted an in

situ user evaluation with managers from two OSS projects to assess the operationalized strategies

embedded within our web-based prototype. While such an evaluation does not capture long-

term behavioral adoption or usage trajectories, it does allow managers to engage with strategy

representations using their own project data and decision-making processes, yielding context-rich

and temporally grounded insights [29, 76]. Moreover, we opted not to conduct a controlled study,

as it was not deemed necessary for our research; the goal of the evaluation was to understand the

perceived helpfulness of the strategies rather than to compare the tool itself against another tool

[58].

Another concern could be the representativeness of the number of evaluation participants. In

addition to meeting the qualitative analysis requirements mentioned in the first limitation, this user

evaluation is just one step in our triangulation process, and the overall exploration of strategies

has involved over 100 stakeholders. Moreover, our user evaluation was conducted across two

communities with varying natures and scopes, as discussed in Section 7, allowing us to capture

nuanced perspectives on how these strategies function in practice.

Finally, regarding the predictive models for forecasting contributor attrition, different models

exhibit varying levels of accuracy. Therefore, we provided a set of three models along with the
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accuracy information of each model to help users select the model that is most appropriate for

their needs.

10 CONCLUSION
In this paper, we report ten challenges and nine strategies for managing contributor retention in

OSS. Our findings are grounded in multi-triangulation, with over 100 stakeholders participating in

our project. Our results highlight both the complex responsibilities community managers face in

supporting contributor retention, as well as a set of strategies to inform governance decisions and

strengthen retention practices across OSS communities.

We believe that our study will be valuable to OSS communities by identifying challenges from

multiple perspectives and equipping community managers with data-driven strategies to foster

sustainable engagement. By bridging the gap between academic research and real-world OSS

practices, our work showcases a human-factors-oriented framework that serves as a foundation for

future researchers developing theories on OSS sustainability. Looking ahead, our future work will

expand on this foundation by scaling the strategies and exploring how AI can enhance retention

efforts.

The research artifacts for this study are available publicly at the companion website [41].
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