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Abstract

Context: A healthy open-source software (OSS) community is one that has

a diverse contributor base and is sustainable by retaining its contributors.

Project leaders, therefore, must understand their community’s turnover and

diversity makeup.

Objectives: This study aims to investigate how to support project leaders

in monitoring OSS community health. Specifically, we examine the role of
an interactive dashboard in enhancing awareness of contributor turnover and

diversity.

Methods: We designed and developed Community Tapestry, a dynamic,

daily-updated dashboard, using Participatory Design (PD) sessions with

stakeholders from the Apache Software Foundation (ASF), Community Health
Analytics in Open Source Software (CHAOSS), and Bitergia Analytics. We

initially evaluated Community Tapestry by engaging contributors from our

PD partners” OSS projects. To further validate our findings, we conducted

a confirmatory study with a prominent OSS project under the Cloud Native

Computing Foundation (CNCF). Contributors from both projects explored a
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personalized version of the dashboard that uses their own up-to-date project
data.

Results: Our results demonstrate that Community Tapestry enhanced par-
ticipants’ awareness of their community’s turnover and diversity state. It
enabled them to identify areas for improvement and provided actionable in-
sights to foster a more inclusive and stable community.

Conclusion: Community Tapestry offers OSS project leaders an actionable
approach to monitor turnover and diversity state, enabling data-driven gov-
ernance and fostering more inclusive and sustainable communities. Our PD
approach provides practical insights into how community-driven interven-
tions can be developed and adopted.

Keywords: dashboard, Open Source, turnover, participatory design

1. Introduction

We know by now that “rain is wet’-extensive research has shown that
Open Source Software (OSS) projects grapple with high turnover rates [,
2, 3] and low diversity [4}, Bl 6] [7], factors that significantly impact their
sustainability.

High turnover rates in OSS projects have been a key challenge for the
sustainability of many OSS projects [§], which can become a crisis when
the turnover is due to a company decision to withdraw [9]. Researchers
have investigated the reasons for turnover in OSS, which include low organi-
zational commitment [10] and dissatisfaction with the OSS community [I1].
Turnover can also negatively impact the quality and productivity of software
development [12].

The positive impacts of diverse contributors are well-researched [4] [13]
14], 15, 16l [17]. Gender diversity, for instance, has been investigated for its
effect on productivity [5] and creating a welcoming environment [18], while
organizational affiliation diversity has been shown to improve productivity,
product quality, and project sustainability [19, 20].

We are not alone in putting out a call to action to create interventions
to help OSS projects be healthy and a welcoming environment. For in-
stance, Murphy-Hill et al. [21] investigate anonymizing code review in prac-
tice. Ahmed et al. [22] have designed machine learning algorithms to identify
toxicity in code reviews, and Murphy-Hill et al. [23] aimed at reducing code
review toxicity by implementing respectful code review reminders. Multiple



studies have used the GenderMag method [24] to build processes and tools
to find and fix inclusivity bugs [25] 26] 27, 28]. Researchers [29] 30] and OSS
communities (e.g., CHAOSS [31]) have deduced a host of metrics to monitor
project health. Thus far, research [32], B33, 34] and industry-driven dash-
boards [35], [36] for monitoring OSS project metrics have focused on project
activity metrics, such as commits, issues, pull-requests, none specifically mon-
itor turnover or diversity aspects. Additionally, none have been comprehen-
sively evaluated in the field to identify what information can help project
leaders understand their project health and take future actions to improve
retention.

We close this gap by designing, implementing, and deploying a daily-
updated project monitoring tool, Community Tapestry. The goal of Com-
munity Tapestry is to (1) signal project health by showing the project’s
turnover rate and diversity makeup, (2) give project leaders information to
take actions relevant to their project needs, and (3) help monitor the effects
of their actions over time.

Because OSS contributors and project leaders are resource constrained,
it is crucial to provide actionable tools that they want and can readily use.
This necessitates working together with OSS stakeholders to guide the design
and development of the intervention. Thus, we opted to use Participatory
Design (PD) [37] to actively involve our stakeholders, comprehend their needs
and constraints, and collaboratively design a solution that best matches the
situation on the ground. An additional benefit of PD is that having the
stakeholders as partners enhances interest in the tool, which in turn can
increase community adoption.

We partnered with the ASF, CHAOSS, and Bitergia Analytics to de-
sign, implement, deploy, and evaluate Community Tapestry with a first OSS
project. We used a large ASF project, Beam as the partner OSS project.
Beam is a large Big Data project with more than 1,000 current contribu-
tors. The Project Management Committee (PMC) chair of Beam, an OSS
practitioner, and the then Diversity and Inclusion vice-president of the ASF
brought to the table the needs and concerns of the ASF. Two OSS community
members from CHAOSS brought their expertise about project health met-
rics. A lead engineer with Bitergia Analytics [38], the infrastructure on which
we implement Community Tapestry, helped us design within the capabilities
of the underlying infrastructure (Grimoirelab [38]). Bitergia Analytics was
given a (paid) contract by the ASF to implement the dashboard. We refer
to this group of people from now on as our PD partners.



Through discussions with our PD partners, we prioritized project health
aspects of interest (i.e., turnover, gender, and organization affiliation). We
then used PD principles [39] to collaboratively design the dashboard, which
we implemented and deployed on Bitergia infrastructure (Figure [3[ shows
two of the dashboard pages from Community Tapestry). We then evaluated
Community Tapestry for (1) inclusivity using the WHY/WHERE/FIX ap-
proach [25], (2) usefulness with a user study of 15 participants from Beam,
and (3) transferability with a user study of 8 participants from OpenShift,
a large project in Cloud Native Computing Foundation (CNCF). The PD
study spanned 20 months (See Figure 1| for method overview).

Our key contributions span three core areas: process for developing OSS
interventions, implementation of a dashboard, and analysis of how the dash-
board facilitates data-driven decision-making, which we expand on below.

e Our process offers one of the first detailed accounts of how to effectively
combine a systematic inclusivity debugging process and participatory
design in the context of OSS to develop an inclusive and stakeholder-
driven tool. This approach ensures the tool is inclusive, aligns with
diverse community needs, and highlights trade-offs in decision-making
among stakeholders.

e We implemented Community Tapestry, a daily-updated dashboard that
centralizes project community turnover and diversity metrics, enabling
project leaders to observe community trends and take data-driven ac-
tion. Community Tapestry bridges the gap between practical interven-
tions and empirical research on OSS diversity and turnover.

e Community Tapestry’s ability to empower a data-driven governance
was highlighted in an in-depth analysis of free explorations of the Com-
munity Tapestry by participants from two structurally distinct OSS
communities (ASF and CNCF).

2. Background and Related Work

The role of diversity in OSS sustainability. Diversity is widely
recognized as a critical factor for the sustainability of OSS communities.
Rodriguez-Pérez et al. [40] defined perceived diversity as innate individual
diversity factors and highlights the importance of diverse Software Engineer-
ing teams. Gender diversity has received considerable attention, with studies
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Figure 1: Method Overview: Our PD methodology includes six stages: (1) Mak-
ing design decisions with PD partners, (2) Prototyping with PD partners, (3)
Implementing and deploying system infrastructure with PD partners, (4) Evalu-
ating design for inclusivity (i.e. accommodating different methods of information-
processing), (5) Conducting future user evaluation with 15 participants from ASF
Beam project, (6) Conducting confirmatory evaluations with 8 participants from
CNCF OpenShift project.

linking gender diversity enhances productivity and performance [40] 4] 6] 13
41]]. Diversity goes beyond gender, encapsulating other aspects such as race,
age, neurodiversity and disability [40], 42} [43].

With the changing OSS landscape, OSS has evolved from a volunteer-
based community to a hybrid environment where company-affiliated and vol-
unteer contributors coexist [44] [45], 20]. Contributors’ diverse affiliations are
vital for OSS projects sustainability [46], as competition motivates compa-
nies to join, and some donate projects to OSS foundations to signal neutral
governance and increase participation [19].

While these studies have highlighted the importance of diversity in do-
mains such as gender and company affiliation, there is no mechanism for com-
munity managers to assess how contributor diversity affect their projects. We
close this gap by translating empirical insights into actionable, quantitative
metrics, thus enabling data-driven diversity management.

Turnover as a measurement of OSS community health. Another
important dimension of measuring the health of OSS communities is turnover,
as it reflects the stability and sustainability of contributor engagement. High
turnover signals challenges in attracting and retaining contributors [47, 30,
48] as well as maintaining project momentum [48|. Steinmacher et al. [49] [50]
identified 58 barriers faced by newcomers and analyzed how the answers
to newcomers’ first emails influenced their likelihood to stay [51]. Pinto
et al. [52] found that nearly half of a project’s contributors submitted a
single contribution and never returned [52], with many never having a single
pull request (PR) accepted [53]. With the high rate of turnover in OSS



[1,2,13] and its negative influence on team cognition and performance [54] 55],
Steinmacher et al. [51] have found that most newcomers (as high as 80% in
some projects) do not become long-term contributors.

While these studies shed light on the importance of monitoring turnover
as an indicator of OSS health, our work builds on these findings to actively
help community managers do three things: manage the state of diversity,
monitor turnover through the lens of diversity, and understand contributor
turnover in their projects.

Existing interventions enhancing OSS Community Health. OSS
community has seen the development of a few interventions aimed at enhanc-
ing community health, streamlining the onboarding process, and increasing
the inclusiveness of the tool itself (e.g., OSS projects) [24] 25 56, 26]. Stein-
macher et al. [57] introduced a portal to facilitate newcomers’ integration
into OSS projects, streamline newcomer orientation, and simplify the contri-
bution process.

Qiu et al. [32] developed a dashboard that assists maintainers in under-
standing project activity metrics. Guizani et al. [33] designed a dashboard
to assist maintainers in attracting and retaining contributors by highlight-
ing project goals and recognizing active newcomers. Ramchandran et al.
[34] built a time-stamped dashboard to track the sustainability trajectories
of incubator projects within the Apache Software Foundation. They found
that projects often experience downturns due to factors such as declining
contributor activity and lack of documentation. Moreover, Emerging Decen-
tralized Autonomous Organizations (DAOs) [58], a subset of OSS communi-
ties, have also been studied for sustainability, including metrics such as voter
turnover [59] with tools like DeepDAO [60] providing real-time analytics to
monitor these metrics.

While a few actionable tools exist to address specific community needs,
such as onboarding newcomers, tracking the sustainability of incubator projects,
none focus on monitoring diversity and contributor turnover. The closest ef-
fort, ClimateCoach [32], is a community health dashboard focused primarily
on responsiveness (e.g., time to close issues and pull requests) and inclu-
siveness (e.g., tone of conversations). In contrast, our dashboard uniquely
combines repository activity with turnover metrics through the lens of com-
munity diversity. This provides community managers with a comprehensive
understanding of both disengagement and diversity dynamics, enabling them
to make informed, data-driven decisions to improve contributor retention and
foster more diverse participation.



Table 1: Demographics of participatory design partners.

ID Organization Gender Role

1 ASF Woman  ASF DEI committee Vice-President (during the time of the study)
2 CHAOSS Man CHAOSS community health specialist

3 Google Woman  OSS practitioner

4 Bitergia Man Software engineering professional

5 Bitergia Man Software engineering professional

6 ASF Man Chair of ASF Beam

7 CNCF Woman  Director of community development of CNCF OpenShift

3. Design and Implementation

We followed a participatory design (PD) approach [6I] to create a user-
centered turnover and diversity monitoring tool designed to meet the needs
of the OSS community managers and integrated with the technology being
used by the project. Figure|l| presents an overview of our approach. Our PD
partners were recruited through the ASF DEI Working Group who recom-
mended Beam as a case study as it has been an active participant within the
ASF and recently graduated from incubation, indicating strong community
engagement and project maturity. Therefore, we recruited one ASF Beam
Chairperson (P6) and one Director of Community development of CNCF
OpenShift Project (P7). Note, Community Tapestry was then evaluated
with 15 other contributors to Beam. To further validate our findings, we
conducted a confirmatory study with a different community from the CNCF
(OpenShift), which operates under a different governance model and contrib-
utor base. This evaluation helped ensure that our design and insights were
not limited to a single community or organizational context. Table (1| shows
the demographics of PD partners.

3.1. Design decisions

The first step in PD is to understand the needs of the stakeholders and
make design decisions. Different stakeholders may have differing expecta-
tions of the proposed tools and what can be implemented in the current
infrastructure. Through design discussions, which serve as a mutual learning
process, we created an initial set of requirements. We met bi-weekly with our
PD partners over a course of 4-months to finalize (1) project health aspects
of interest and (2) the project metrics (outcome variables) that would be
shown in Community Tapestry.

A critical aspect of sustainability is managing turnover, which can be deci-
phered through trends of newcomers joining or contributors leaving. Retain-



ing contributors is key to OSS project health [62][63]. Contributors including
newcomers face many challenges when contributing to OSS [57], 49, 64], [15].
Therefore, our CHAOSS PD partners recommended that we monitor turnover
based on the threshold from GrimoireLab [65] : (1) A new contributor has
made their first recorded contribution (e.g., commit, pull request, or issue
comment) within the last three months; (2) An active contributor has made
at least one contribution in the last three months, excluding new contributors
(i.e., they joined more than three months ago); (3) An inactive contributor
for who has made no contributions for six months or more; (4) A contributor
is considered potentially leaving if they have been inactive for the last three
to six months. Such turnover trends can signal the declining sustainability
of an OSS project and trigger follow-up action by community managers.

Diversity plays an essential role in driving innovation which in turn can
help cultivate a healthy community. Diversity is a multidimensional construct
that includes attributes such as gender, race, tenure, English proficiency,
and geo-location [I7), 66] 16, 67]. Through multiple discussions with our PD
partners spanning 6 meetings, we finalized the diversity aspects of interest
(i.e., gender, and organization affiliation attributes)

Our PD partner, the vice president of the DEI committee, recommended
using the just concluded ASF survey on “the state of diversity in ASF” as the
starting point for our discussions [68]. The survey (N > 400) included con-
tributors’ demographics and various challenges that contributors faced. The
underrepresented demographic attributes from this survey included gender,
compensation (getting paid for OSS contributions), tenure, geo-location, and
English proficiency. Note that the survey did not collect race data as the ASF
is an international OSS community, and the survey was designed for all ASF
contributors. How race is defined varies widely across nations, and which
races are discriminated against depends on the race of the majority popula-
tion of a country [69]. Based on similar logic, our PD partners decided not
to consider race as a diversity aspect.

The survey results showed that contributors from minority groups en-
countered a host of challenges categorized into technical, social, and process
challenges [70]. This corroborated the need to surface the state of diversity
as one of the aspects of project health in an easy-to-digest manner.

Gender was the first diversity aspect of interest since (1) OSS is known
to have gender imbalance [4, 13|, [14], (2) peer-parity (similar individual one
can compare oneself to) is an important criterion for women to continue in
OSS [71], and (3) The ASF survey identified that women contributors face

8



more challenges compared to others [72]. Affiliation diversity was the second
diversity aspect of interest. Paid vs. volunteer contributors have varying
levels of engagement and motivation to continue in a project. In the changed
landscape of OSS today, company participation plays a critical role in the
sustainability of an OSS project [19]. Because Beam included paid support
from multiple organizations, our ASF PD partners were particularly eager
to monitor the diversity of organizational affiliation in their project. In fact,
affiliation diversity can help mitigate the risks associated with dependency
on a single company and foster a richer, more resilient environment.

Geo-location and English proficiency were omitted aspects due to tech-
nical constraints in the infrastructure. With geo-location, it is not always
guaranteed that contributors will list this information on their GitHub pro-
files. Tracking IP addresses could be a potential data source, but our IRB
(Institutional Review Board) did not allow this. The same limitation applies
to English proficiency. Past works have indicated that geo-location could be
used to analyze cultural barriers and English proficiency [I7, [73]. However,
even accurate region inferences, which we lack here, do not guarantee precise
English proficiency inferences.

Next, over the course of two meetings, we finalized the project metrics
(outcome variables) to use for Community Tapestry. Our CHAOSS PD part-
ners led this discussion, starting us with the list of CHAOSS metrics they
identified for project health. We prioritized the data that the ASF PD part-
ners were interested in and that Bitergia Analytics could collect. The first set
of metrics included those that could be collected from Github, the develop-
ment platform that Beam used. These metrics included details about issues,
pull requests (PRs), PR comments, and commits. The ASF PD partners re-
quested details about StackOverflow activity related to BEAM, as they have
contributors on duty to answer questions and aim to capture contributions
across platforms to systematically assess retention health comprehensively.

They were also interested in social media activity (e.g, X). However,
Bitergia Analytics did not have the capability to track such activity, so the
ASF PD partners agreed to drop this request.

3.2. Collaborative Prototyping

In the collaborative prototyping step, PD partners express ideas and pro-
vide insight on how users may interact with the tool through interactive
mockups [61]. The collaborative prototyping process lasted four months and
spanned eight meetings, as shown in Figure
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The first four meetings were used as conceptual design sessions with stake-
holders, during which they shared insights on their needs, preferences, and
expectations for the tool [74]. This phase involved steps such as under-
standing their requirements, exploring use cases, and prioritizing features.
Based on these inputs, we used Figma[l] to design several versions of different
dashboards showcasing different types of information. When designing these
mock-ups we followed the dashboard design principles laid out in Few [75].

PD partners then reviewed and provided iterative feedback on these pro-
totypes. During feedback sessions, PD partners freely explored the proto-
types, thinking aloud and sharing their screens. We asked our Beam PD
partners to think about the tasks they wanted to perform as community
managers and/or how they envisioned someone using the data.

The PD partners provided feedback verbally or annotated on the screen
share. The feedback ranged from enhancement of existing features to re-
quests for new features. For instance, the PD partners requested that the PR
communication network (network diagram based on PR review comments,

Figure ©7 be updated such that the thickness of edges between the con-
tributors (nodes) reflected the number of PRs instead of that of comments.
The collaborative prototyping step spanned eight meetings. The prototype
was updated after each meeting (We asked our Beam PD partners to think
about the tasks they want to perform as community managers and/or how
they foresee someone using the data).(Refer to the supplementary material
for early outcome prototypes from PD phases [70]).

3.3. Infrastructuring

Infrastructuring is the process where the design decisions are implemented
into the tool. “No design process, even PD, can fully predict the changes
ahead” [77]. Thus, during infrastructuring, it is important to understand
and align any differences between design and technical configurations. We
continued another eight bi-weekly meetings with our PD partners for imple-
mentation.

System Architecture. A key request from our PD partners was the
necessity for up-to-date data, which could support daily-updated monitoring
and evaluation of turnover and diversity aspects. We then implemented Com-
munity Tapestry in GrimoireLab from Bitergia Analytics (an OSS analytics

'https://wuw.figma.com/prototyping/
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Figure 2: Overview of the architecture of Community Tapestry. Data was col-
lected from different sources (e.g., GitHub) through a data retrieval process and
enriched using GrimoireLab [38]. The metrics module computes analysis results
on diversity, activity, and turnover, which are then visualized on a dashboard to
provide actionable insights.

toolkit and a part of the CHAOSS project), which allowed us to integrate
daily-updated data from GitHub repositories and StackOverflow. Figure
demonstrates the architectural design of our system. GrimoireLab leverages a
Python API for fetching data from repositories, which enables us to access all
retrieved items from the repositories as dictionaries (JSON documents). The
Perceval library [78] then streamlines the process of obtaining daily updates
from the repository, capturing only incremental changes through a 24-hour
data collection cycle.

Identity analysis. A first step in our analysis was to separate bot-
generated project activity from real user data. Bots are increasingly com-
mon in contemporary software development for tasks such as automated code
review [79, 80, 8I]. We used SortingHat (as a component of Bitergia Ana-
lytics Platform), a relational database-powered tool used by GrimoireLab
[82], to filter out bot activities. SortingHat also helped connect contribu-
tors with their affiliations by keeping track of corporate and non-corporate
email domains (e.g., google.com vs. gmail.com). We classify non-corporate
email domains as “affiliation unknown”. The next concern was merging data
from the same person. In OSS, individuals can use their private email or their
corporate email when making contributions; additionally, people switch jobs.
Thus, simply combining all affiliations into a single affiliation is not right [83].
Therefore, when we merged user IDs into a single account, we kept their list
of affiliations mapped to their specific contributions.

In Sorting Hat, we merged user IDs into a single account but listed all
their affiliations. Ultimately, this approach allows CommunityTapstery to
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accurately map and display the timeline of the user’s activities based on
their affiliation status. For example, User A has two email addresses with
two different affiliations: @companyA.com and @companyB.com. Sorting-
Hat merges these two identities for UserA and recognizes their affiliations
with Company A and Company B. Without a specific date, SortingHat de-
faults to a recent time order. Assuming User A worked for Company A from
January 1, 2020, to June 1, 2021, and Company B from July 1, 2021, on-
wards, SortingHat maps their activities associated with each company during
the relevant periods.

Gender classification. To infer the gender of contributors in our dataset,
we used the Namsor APT [84]. This name recognition tool estimates the gen-
der of a full name on a -1 to +1 probability scale. To improve accuracy, we
implemented a two-step process. First, we used Namsor to predict the origin
of contributors’ names, to estimate the likely cultural or ethnic origin of the
name, which can enhance gender inference. For example, when an Asian
name (e.g., Jixiang) can be better categorized into gender when the name
origin (China) is considered, as it allows Namsor to infer cultural signals from
the country of (name) origin to infer gender. To minimize prediction errors,
we applied a threshold and filtered out gender predictions with probabilities
lower than 90%, following best practices from prior literature [85] 86, [87].
Namsor is just one method for gender inference; Community Tapestry is
designed to be flexible and incorporate improved tools or self-identified gen-
der data when available. In cases where maintainers or PMC members spot
errors in the inferred data, they can provide corrections.

Additionally, past works have found that Namsor does not perform well
for Chinese names since they originate from Chinese characters, and using
only the “Pinyin” format causes errors [88] [89]. Korean and Japanese names
may also produce similar errors as Chinese names due to their unique writing
systems [00]. Therefore, we performed an additional level of manual anal-
ysis performed by two researchers; one of Chinese origin and the other an
American of Japanese and Korean descent. The manual verification entailed
cross-referencing the contributors’ GitHub profiles and LinkedIn pages to in-
fer their gender. We first checked contributors’ profile page(s) to see if they
stated their pronouns; if not, then we checked for a clear photo. If the photo
was unclear, we marked the gender as unknown. We acknowledge that gen-
der identity extends beyond a binary classification, and we have designed our
system to be flexible, allowing for future updates and modifications to the
database. In total, we manually validated 991 names, of which 559 could not
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be inferred from their profiles due to the absence of a profile photo on their
GitHub or LinkedIn pages. 191 underwent double-validation and 45 required
corrections from NamSor prediction results (3 from male to female and 42
from female to male)?|

For new contributors joining the project, we applied the same gender
classification process that was used on existing contributors. When our con-
fidence was low, we reverted to classifying the gender as “unknown.” Further-
more, we allowed the PMC to update gender classifications based on their
contextual knowledge of the project and its cultural norms.

Next, we introduce Community Tapestry, followed by the three types of
evaluations we performed, one of which is evaluating the tool with future
users—the final step in PD.

4. Community Tapestry

Let us consider a hypothetical scenario in which Riley, a new PMC chair
in Beam, believes it important to be aware of the turnover rate and improve
gender and affiliation diversity within their project. Figure [3| presents the
dashboard pages of Community Tapestry. The letters in purple circles in
Figure [3] identify the information we explain below. Refer to supplementary
material [76] for details of each dashboard.

Riley begins by navigating to the dashboard “Contribution Retention

Trends” in Community Tapestry . She notices the visualization of the
trends of newcomers, contributors who left (i.e., inactive in the last six
months), and might be leaving (i.e., inactive in the last three months), and

the retention trend disaggregated by gender B} Using this information, Ri-
ley notices that while there is similar retention between men and women in

the project (black line under contributor retention trends in @), there are
20 men to 5 women contributors, which indicates a significant difference.
Riley decides to dive deeper. She filters the data to the last year. She
reviews the detailed list of women contributors who might be leaving (the
list contains names, number of contributions, affiliation, and last contribution
date) to reach out to them and help if possible. Community Tapestry allows

filtering the visualizations by different criteria: time @, affiliation name, and

2We used biological sex categories (male/female) in accordance with the terminology
used by Namsor; these categories may not accurately reflect individuals’ gender identity.
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gender@. These filters can be applied by clicking on the visualization or
typing. Riley wonders if the women are inactive because they were affiliated
with a company that left. She then looks at the list of contributors who might
be leaving. Riley notices two women from the company “A3” (Affiliation 3)
Hleaving the project and decides to contact them to find out if the reason
was a personal or company-related decision.

4.1. Additional dashboards

Community Trapestry has two additional dashboards that can be disag-
gregated by gender or affiliation. Each dashboard contains different visual-
izations, which are described below.

Communication. The communication dashboard (Figure [3| bottom)
depicts the PR interactions between contributors. This dashboard has four

visualizations. (1) PRs overview @ | which shows the number of PRs by
group (i.e., gender, affiliation), comments, and likes. (2) Time to merge PRs

@ displays the average time (in days) a group (i.e., gender, affiliation) has
to wait to get their PR merged in descending order. (8) PRs communica-

tion network @ is a graph where nodes are contributors, and the edges link
contributors interacting on the same PR. The size of the nodes reflects the
number of PRs authored by a contributor, and the thickness of an edge re-
flects the number of PRs between two nodes (i.e., contributors). The colors
differentiate the disaggregated groups (i.e., gender, affiliation) and are dis-
played in a legend. (4) PRs that need attention lists PRs that did not receive
any comments and their details (See supplementary materials [76]). This
visualization contains the links to the PRs and the contributor information
(name, affiliation, gender).

Types of Contributions. The types of contributions dashboard (as
shown in Figure details the different kinds of contributions in an OSS
project using the gender and affiliation aspects. This dashboard has four
sets of visualizations. 1 Contributors, this set contains two visualizations
presenting the percentage of contributors and the total number of contribu-
tors, both broken down by affiliation or gender. 2 PRs: [i] PRs proportion
over time, which shows the percentage of PRs during a certain period of
time disaggregated by gender or affiliation. [ii] PRs’ evolution over time dis-
plays the evolution of PRs’ counts by group (i.e., gender, affiliation). [iii]

3We have anonymized the names and affiliations here for confidentiality reasons.
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Figure 4: Types of Contributions Dashboard. This dashboard visualizes OSS
contributions across four areas: 1 contributor demographics, 2 pull requests, 3
issues, and 4 StackOverflow activity.
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PRs count shows the total count of PRs within a group (i.e., gender, affil-
iation). [iv] PRs days to merge display the number of days before merging
a PR disaggregated by gender or affiliation. & Issues, this set consists of
four visualizations that are similar to the ones mentioned in (2) but present
information related to the issue’s contributions. 4 StackOwverflow, this last
set of four visualizations contains information on StackOverflow’s questions
and answers. This set is similar to information in (2) and (3). All dash-
board pages allow filtering by different criteria, such as time, gender, and
affiliation.

5. Evaluating for Inclusivity

Because of the focus of Community Tapestry on diversity, we ensured
that the dashboard supports and accommodates different approaches to how
individuals process information (i.e. diverse cognitive styles of learning). To
identify and fix usability and inclusivity bugs in this context, we used the
WHY/WHERE/FIX systematic debugging process [25], which is based on
the GenderMag method [24]. This systematic process allows the designers to
identify inclusivity bugs (instances where cognitive styles are unsupported),
why they arise (which styles are unsupported), where they arise (U element),
and how to fix these bugs. The WHY /WHERE /FIX process relies on personas
with a customizable background to reflect the background of users along with
a set of five cognitive style values. During the Why/Where/Fix process, the
participants are requested to channel a persona and reflect on its ability to
accomplish specific tasks using the software, e.g., to find information about
the affiliation diversity of the persona’s project.

We selected the Abi persona as the cognitive styles embedded in this per-
sona tend to be overlooked by software [91),92]. Abi-like individuals have the
following cognitive styles: (i) Task-oriented motivation: use technology for
what they can accomplish with it, and not for enjoyment per se [93, 94, [95];
(ii) Comprehensive information processing styles: gather fairly complete in-
formation before proceeding [96, O7]; (iii) Lower computer self-efficacy as
compared to their peers; Computer self-efficacy relates with a person’s con-
fidence about succeeding at a specific task, which influences their use of
cognitive strategies and persistence; (iv) Higher risk aversion: when trying
out new features [98, 99|, which impact their decisions about the feature
they use; and (v) Learning by Process: instead of playfully experimenting
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(“tinker”) with new software features [93, [100, 1T0I]. We customized the Abi
persona to reflect the background of a PMC member.

We selected five use cases that yielded 41 evaluation questions related
to users’ goals and interface actions. These questions spanned each of the
dashboards in Community Tapestry: 20 questions related to the types-of-
contribution dashboard, 14 questions regarding the communication dash-
board, and nine questions related to the trends dashboard. Three of the au-
thors, designers of the system, performed this evaluation. Answering these 41
evaluation questions using the WHY/WHERE/FI1X approach led us to find
ten usability bugs (24%), 9 of which were inclusivity bugs (22%), that is,
bugs arising because Abi’s cognitive styles were not supported.

We then designed and implemented fixes to Community Taspesty. An
experienced researcher with the GenderMag method then reevaluated the
fixes using GenderMag moments [102], a fragment of a GenderMag session
where the evaluation targets specific features just in time. Our redesign
reduced the number of usability bugs from 24% to 5% and inclusivity bugs
from 22% to 2%. Note that the two usability bugs and the one inclusivity bug
we did not fix were related to the UI of GrimoireL.ab we used. For example,
a usability bug we could not fix is the size and position of the clock used to
select the period to display information.

We selected five use cases that yielded 41 evaluation questions related
to users’ goals and interface actions. These questions spanned each of the
dashboards in Community Tapestry: 20 questions related to the types-of-
contribution dashboard, 14 questions regarding the communication dash-
board, and nine questions related to the trends dashboard. Three of the au-
thors, designers of the system, performed this evaluation using the Why /Where /Fix
method [25], which is part of the well established GenderMag framework [91].
This method applies a structured cognitive walkthrough to assess how well
the interface supports users with diverse cognitive styles. Each use case was
broken down into subgoals and actions, and the evaluators—adopting the
perspective of the Abi persona—answered three questions at each step: (1)
whether <Persona> would have the subgoal the dashboard owners hoped for
and why, (2) whether <Persona> would take the action the dashboard own-
ers hoped for and why, and (3) if <Persona> did take the hoped-for action,
would they know they did the right thing and were making progress toward
their goal, and why. A “no” answer to any of these questions indicated a po-
tential bug and its corresponding UT element(s); when the rationale included
a specific cognitive style, it was flagged as an inclusivity bug. Using this
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method, we identified ten usability bugs (24%), nine of which were inclusiv-
ity bugs (22%)—i.e., bugs stemming from unsupported cognitive styles. We
then designed and implemented fixes to Community Tapestry using both the
WHY and the WHERE element of the WHY/WHERE/FIX systematic pro-
cess. The first author, an experienced GenderMag researcher, reevaluated
the revised dashboards using GenderMag moments [102], which are targeted
just-in-time assessments of specific features. This redesign reduced the num-
ber of usability bugs from 24% to 5% and inclusivity bugs from 22% to 2%.
Note that the two remaining usability bugs and the one remaining inclusivity
bug were due to limitations in GrimoireLab’s UI. For example, we were un-
able to address the size and position of the clock used to select time periods.
All forms used in the evaluation of all use cases across all dashboards are
included in the supplemental material [76].

6. Evaluating with future Users: ASF Beam

This project was developed to design a dashboard intended as an empirically-
evidenced pilot tool for ASF communities to help community leaders monitor
turnover and diversity within their projects. The practicality of this dash-
board for monitoring turnover and diversity within the OSS community was
evaluated by future users (i.e., ASF community leaders and contributors who
will adopt the dashboard to manage and analyze their OSS projects). The
findings from these evaluations are being used by the ASF to design a frame-
work that could be adopted by other OSS projects.

Evaluation design. The evaluation with future users in their natural
environment is a key aspect of assessing design prototypes through PD [61]
103]. Thus, we evaluate Community Tapestry with the future users of Beam
with data extracted from their own project through observations of their
unguided explorations of the dashboards.

Following empirical guidelines established by Lam et al. [104], we collab-
oratively designed our evaluation with PD partners. The first three authors:
(1) iterated over the study questions and tasks, holding weekly meetings with
the entire research team to refine the study; (2) discussed the study design
with the PMC Chair of Project-B; (3) iteratively refined the study protocol
for evaluating the ASF Beam dashboard through seven rounds of sandboxing
with researchers at Oregon State University, until no further changes were
required to materials such as the study scripts and questionnaires; and (4)
piloted the study with the PMC chair.
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FEvaluation Scenario: To the goal of the project, our PD partners sug-
gested we focus the evaluation on the user experiences. The project’s
primary goal was to assess user experiences with the dashboard to determine
its potential adoption across other ASF projects to understand user engage-
ment and gauge the dashboard’s efficacy in enhancing awareness, utilities,
and proactive actions toward turnover and diversity.

FEvaluation question: The main question for user experiences is “What do
my target users think of the visualization?” To this end and because aware-
ness is the first step towards action, we decided to answer two evaluation
questions:

e EQ1: how do the dashboards affect participants’ awareness of turnover
and diversity and their plans to take action?

e EQ2: how participants use the turnover and diversity information?

FEvaluation method: Following the guidance from Lam et al. [104], we
adopted a cross-sectional evaluation approach to assess the current and po-
tential usage of the dashboard. This method involves collecting data at a
time to provide a snapshot of user interactions, behaviors, and perceptions
[105], 106]. We chose this approach for three reasons: (1) Cross-sectional eval-
uations are proven effective for understanding immediate, actionable insights
and predicting future engagement [105], [106]; (2) This timeframe aligns with
our goal to demonstrate the dashboard’s utility in helping community leaders
monitor health and potential action based on their insights; (3) Longer-term
methods like diary studies could be complicated by the dynamic nature of
ASF projects and the multiple variables affecting outcomes. For example,
ASF consistently utilizes other approaches to promote project health, such
as public events [107], making it hard to determine what specifically caused
changes in the outcomes.

FEvaluation protocol: We used informal evaluation through observation to
address our research questions. This approach does not utilize predefined
task lists and is aimed at assessing “intuitiveness and functionality” [108],
“probing for utility and usability” [109], and “identifying users’ subjective
preferences” [I10]. The study included three parts (see Supplemental doc-
ument for details [76]) and was approved by our university IRB. After the
study, participants were compensated with a $50 gift card as a token of
appreciation [TTT].
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The first part was a pre-study questionnaire to collect participants’ demo-
graphic information, their awareness about their project diversity, and their
actions to improve diversity. We used this data as a baseline for comparison
with post-study data. To familiarize the participants with the dashboard fea-
tures, we provided them with a link and credentials to Community Tapestry.
We then guided their exploration through the dashboard (See [76] for study
script.)

We then asked the participants to explore each dashboard while think-
ing aloud. After exploring a dashboard, participants answered Likert-scale
questions on their likelihood of using the information presented in that dash-
board. They also answered two open-ended questions: (1) Is there any other
way you would use the [dashboard| that we did not cover? and (2) Is there
any other information you want to see in this [dashboard|? For each question,
participants were asked to explain their answers.

We wrapped up the evaluation session with a post-study questionnaire, in-
cluding the questions from the pre-study questionnaire and questions related
to the dashboard’s usefulness and usability. Additional evaluation questions
were integrated to enhance our understanding of user experiences. These
questions include: “What features are seen as useful?”, “What features are
missing?”, “How can features be reworked to improve the supported work
processes?”, “Are there limitations of the current system that would hinder
its adoption?” and “Is the tool understandable, and can it be learned?” All
the pre- and post- study questionnaires are included in the supplemental
material [76].

Recruitment. Our PD partners suggested evaluating the dashboard
with community leaders, such as members from the PMC, since they are
essential in managing the project, from setting community goals to taking
immediate actions such as reviewing or accepting a “languishing” PR. The
PMC chair first shared our study advertisement with the project committee
through the project’s mailing list. To recruit additional participants, the
PMC chair recommended that we attend the conference held by the orga-
nization. We recruited 15 participants, 9 of whom were recruited from the
conference, and the study was conducted in person.

Out of 15 community leader participants, 14 identified as men and one as
a woman. This reflects the gender disparity within the community itself, as
identified by the PMC chair. Their experience as community leaders ranged
from < 1 year to 6-10 years. For 10 of our 15 participants, contributing to
Beam was part of their primary employment.
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Data analysis. We used descriptive statistics and qualitative coding [112]
to analyze the data. Two researchers independently inductively-coded [113]
the screen recordings and transcripts of participants usign the dashboard. We
used the screen recording to analyze the specific dashboard information used
by participants and for what purpose. Then, the two researchers performed
two rounds of negotiated agreement [114] on the three top-level categories;
they then added subcategories, resulting in a final set of eight codes. After
this, one researcher returned to the transcripts and re-coded them as needed.

The codebook consists of three top-level categories namely INSIGHT, EX-
PLAIN, and ACTION, reflecting how participants verbalized the use of the
information found in the dashboards during their free-form explorations.
For example, when participants verbalized synthesizing information from the
dashboard (e.g., “I am surprised by this one, [name of company| because I
don’t know it... "(P3)), we coded such information as an INSIGHT. In cases
where the participant verabalized a reason or explanation (e.g., “..[company
name/ is consulting company. So they will do some projects, and you know
they’ll do project end to end...and they will kind of loop out...” (P1)), we
coded it as an EXPLAIN. In some cases, Community Tapestry served as a
springboard for participants to take and/or think of taking future actions
(e.g., “..almost certainly that would be a good time to reach out to somebody
because that’s somebody who is given a lot to the project and understanding
what is going on...”(P4)), to which we assigned the code ACTION.

These three top-level categories were then enriched with 8 sub-categories.
First, INSIGHT and EXPLAIN were subdivided into PROJECT and CASE re-
lated. For instance, an explanation could be about a project (e.g., its cul-
ture or practices) or about a specific case that a participant was exploring
in the dashboard (e.g., specific contributor who left). Second, we subdi-
vided ACTION into three types of future actions that participants verbalized
they would take (i.e., ACTION-COMMUNITY, ACTION-PERSONAL, ACTION-
AFFILIATION). A fourth code, ACTION-EXPLORE, was used to identify sce-
narios where participants navigated outside of the Community Tapestry (e.g.,
GitHub profile) for additional information.

6.1. Findings

Below, we discuss the overall usefulness, turnover, and diversity awareness
before and after the introduction of Community Tapestry. We then detail
how participants used the information from Community Tapestry and the
likelihood of using this information in the future.
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Figure 5: Likert Scale responses for Pre-Survey and Post-Survey. Black dots:
median responses. Outliers are not depicted to emphasize the overall trends.

6.1.1. EQI1: Overall usefulness and awareness

Awareness refers to participants’ recognition of diversity and turnover
issues. Usefulness, in contrast, captures participants’ perception of the dash-
board’s utility for guiding practical decision-making and action. We analyzed
the responses from two 5-point Likert scale questions on the dashboard use-
fulness and plan for continued use from Qiu et al. [32]. Overall, participants
reported that the dashboard was useful to them (Q usefulness: Mean =
4, SD = 0.97) and that they would continue to use it (Q_continue to use:
Mean = 4.1, SD = 0.64). Community Tapestry’s potential to inspire action
was reflected by the post-survey responses, where most participants reported
that the dashboard helped identify aspects to improve (Mean = 4.1, SD =
0.74).

Figure [5| depicts the distributions of Likert scale responses in the pre- and
post-evaluation questions about their awareness of turnover and diversity as-
pects (e.g., awareness of gender diversity) and plan to take action questions
(e.g., I plan to take action to improve gender diversity). The distribution
of responses (Figure [5|) for awareness questions (turnover, gender, affiliation)
show an upward distribution shift between the pre- and post-evaluation ques-
tions, although the median (Med=4) stays the same for turnover and affilia-
tion. Self-selection bias might be the reason behind the unchanged medians;
participants who volunteered might be those who care about and are already
aware of diversity in their project. There is a 1-point improvement in aware-
ness of turnover. The increase in median awareness about turnover could be

23



3 ¢ 3
‘ | | I I i i é g g
Insight - Project 51 @ 9 @ 9 9 9 0 9 9 9 @
Insight - Case 35 9 6 0 9 @ 9 0 9 9 0 O
Explain - Project 29 0 o @ 6 9 9 e 9 O 9 0
Explain-Case 27 © & O 0 ® 0 & O ®® O O
Action - Community 45 G 9 0 @ 0 9 9 0 9 9 O
Action - Explore 7 o 9 9 o O O O O O O O
Action - Personal. 6 e O 0 O 9 O O O O O O
Action-Company 2 @ @ O O O O O O O O O

Figure 6: Information usage. The number in the circles shows the number of
participants who used [specific| information for INSIGHT, EXPLAIN, or ACTION.
The vertical bar charts reflect the frequency of usage of an information source and
the horizontal bar charts denote the frequency of a particular information use (e.g.,
INSIGHT-PROJECT) across all participants. Information sources are annotated with

an (A) or (G) when that information source was disaggregated only by that aspect
(Affiliation or Gender).
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due to its unexpected nature as explained by P5, “So that [turnover| defi-
nitely is generally like high across the boards for percent who left I wouldn’t
have expected it to be that high.”(P5)

When it comes to planning to take action to improve, we see distribution
shift for turnover, and median shifts for gender and turnover. We interpret
these behavioral intentions as evidence of the dashboard’s usefulness, that
is, its ability to not only raise awareness but also prompt users to consider
concrete next steps. A reason for both distribution and median shifts for
turnover could be its importance to project sustainability, as P4 explains
“if you notice trends of either a specific gender or a specific affiliation leav-
ing that indicates that we might need to act in some way.” Overall, while
Community Tapestry did not have an effect on action to improve gender
and affiliation diversity, it helped move the awareness distribution upward
for gender, affiliation, and turnover and participants reported they planned
future action to improve the turnover trend within their project.

We also conducted Wilcoxon signed-rank tests on the responses to the
Pre-Survey and Post-Survey. The results showed statistically significant in-
creases with large effect sizes in awareness of turnover trends (Mean difference
|7_f] = 0.93, p = 0.01, effect size = 0.90) and action to address turnover (Mean
difference = 0.53, p = 0.01, effect size = 0.83), indicating that Commu-
nity Tapstery has the potential to enhance participants’ recognition of and
readiness to act on turnover issues. Additionally, we observed an increase in
awareness of gender diversity (Mean difference = 0.80, p = 0.03, effect size
= 0.61). While other measures did not reach statistical significance, mean
differences for awareness of affiliation diversity, action on gender diversity,
and action on affiliation diversity all showed a positive shift. Note, our lim-
ited sample size (N = 15) along with tied ranks can impact the results (See
the supplementary material for details of the statistical analysis [76]).

6.1.2. (EQ2): Information Use

We first look at how the information was used (EQ2A) during the think-
aloud sessions and then the likelihood of participants using this information
based on the post-study questionnaire (EQ2B).

EQ2A - Information usage. In their free form explorations, partici-
pants used the dashboard information to (1) get insights, (2) get an explana-

4Mean difference = Post-Survey Responses - Pre-Survey Responses
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tion for the insight, and (3) take action at different levels, as reflected in our
codeset in Section [0} Figure [6] depicts how participants used the dashboard
information. The first dimension (vertical bar chart) shows the frequency of
insights, explanations, and actions generated from a particular piece of in-
formation. The second dimension (horizontal bar chart) shows the frequency
of which information was used (i.e. insights, explanations, actions).

Participants most frequently used Community Tapestry to get insights
about the project (Figure @ rows 1 and 2) whether at the project level or
related to a specific case (e.g., a specific affiliation leaving the project). This
highlights one of the most important uses of Community Tapestry where
aggregated data helps uncover patterns and trends that project leaders may
not initially recognize. By providing a clearer, data-driven perspective, Com-
munity Tapestry facilitates a shift from an “intuition-based" approaches to
more data-driven decision-making. Additionally, this data serves as a basis
for deeper reflections on underlying trends and dynamics.

Actions in general and actions related to the community, were the second
most frequent information usage.

Next, we present specific examples of information usage, by selecting the
top three information sources in Figure [} (1) PR communication network
(2) PRs that need attention, and (3) overall contributors joining/ leaving.

PR communication network: While navigating the dashboard, partic-
ipants verbalized insights they gained about their projects. For instance, Par-
ticipants (P1, P4, P6, P9, P12) realized that groups of contributors formed
due to their project review culture “it does stand out that there are these clus-
ters of people with same affiliations reviewing each other’s code” (P1) and
“Inodes| contributing to [project], but they are not attached to the main net-
work” (P12). They had a possible explanation for it: “the main contributors
to [Beam| are people inside [main affiliation]” (P12). Seven participants (P2,
P3, P4, P5, P6, P7, P9, P14) articulated explanations for specific situations
they observed. For example, P5 noted a possible reason for the clusters in
the network: “/they are] working on maybe this at the same company on the
same features, and therefore you have you know, you’re communicating more
because you have more context that’s shared” (P5).

PR that need attention: When reviewing the table of PRs that need
attention, participants felt the overall table to be “very helpful for the main-
tainer” (P8). The project context was instrumental in helping individual
contributors use this information. P1, looking at a particular PR in the ta-
ble, explains: ‘“he’s [PR author| kind of actually a fish in the water in the
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community... He doesn’t need help just because I know him. And so in this
case, if this PR hasn’t received comments, it’s because he’s not interested in
moving it forward” (P1). On the other hand, when observing the same infor-
mation about another contributor, P1 shared: “out of the people that I don’t
know, or that I know, that are not inside the community very much, I might
look at their PRs in detail” (P1).

The information provided by Community Tapestry inspired some partici-
pants (P1, P2, P3, P6, P12) to explore outside of the tool and get additional
information such as GitHub PR. For instance, when participants noticed an
active affiliation or newcomers that they did not know (P1, P3, P2, P6), or
when they noticed a PR that needed attention (P1, P3, P12): “can I check
this one? I think there are comments [in the PR body in GitHub/... Oh, it is
the same person commenting on himself...that doesn’t count” (P12).

Trends of contributors joining/leaving: Participants (P4, P5, P13)
shared project insights and possible explanations about their community
composition in terms of gender where “it definitely seems like statistically,
there are more men that join per month the project than women” (P13) and
the trends of joining and leaving suggest the presence of one time contributors
“here the newcomer’s line and the people who left line are both very long. It
makes me think that there might be people that make one single contribution”
(P1).

These insights inspired participants to reflect on how to increase retention,
especially of women contributors. For instance, participants shared the need
to “connect them [newcomers| to people who have been retained previously”
(P2) and “trying to be extra prompt on PR reviews and kind of flagging
PR reviews from you know, under-represented groups, can be helpful” (P4),
especially when “the number of women is small enough that you can look at
individual cases” (P1).

EQ2B - Likelihood of information usage. After using each dash-
board participants provided their opinion on the likelihood (5-point Likert
scale) of using the information provided in that dashboard. Overall there
were 34 information sources. We grouped related information sources to-
gether into five information sets (Figure . For example, the NEED AT-
TENTION set includes information such as, “days to merge PR”, “days to
first attention to issues” and “PR that needs attention”. In Figure [7] each
box represents an information source and is annotated by “A”, “G” or “B” if
that information source was disaggregated by Affiliation-only, Gender-only,
or both. Using participants’ Likert scale responses, we calculated the per-
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Figure 7: Dashboard information sets ranked by usage likelihood. The likelihood
is a response to Likert Scale questions about participants using different pieces
of information. Fach square represents an information source within Community
Tapestry. “A” or “G" represent information sources disaggregated by affiliation or
gender, respectively. “B” denotes both diversity aspects.

centage of participants at least “likely” to use said information (see Figure
D).

Information that participants reported they were most likely to use was
in the NEED ATTENTION set. For example, 90% of participants were at least
likely to use the “PRs that did not receive any comments”, both for gender
and affiliation disaggregations (see Figure , row 3, col 1). This is probably
because the information in this set allows participants to take a remediation
action. P15 shared: “I might have unconsciously prioritized contributions
from advanced users of Beam, and I think for the project to be successful
we should increase the state of affiliation diversity” (P15). Others reported
the dashboard’s help in their current effort of seeking items that needed
attention. P4 said: “We already have patterns of rotating through and looking
for PRs that are out of date, and this would make it a lot easier”.

TRENDS was the next most likely to be used information. Participants
used trends to identify “worrisome” patterns that would prompt them to take
action: “these numbers, of course, are interesting to see like a strong trend
that in some ways is a sign to talk to people that represent such groups” (P9).
Trends were also useful to understand the impact of a change or decision.
P4 said: “overtime view is helpful for evaluating tools [migrating from Jira
to Github issues/...did that have an impact on specific contributors...did that
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help more people from these backgrounds enter into the project” (PJ).

Participants preferred the affiliation aspect over the gender aspect across
the information sets (Figure[7). This might be due to the existence of some
level of awareness about gender diversity in the project, as explained by
P1 “there’s not that many women, so we can just look at individuals directly”
(P1). Further, multiple companies use Beam and have dedicated contributing
teams where “if there was sort of an unexplained mass exodus from a given
affiliation...that might have a really big impact on the overall health of the
progect” (P5).

7. Confirmatory Evaluation: CNCF OpenShift

To investigate the applicability of Community Tapestry in communities
beyond the one designed through our participatory design, we evaluated it
with another OSS community: OpenShift (data extracted from OpenShift
since January 1st, 2011) from the CNCF [I15]. Such confirmatory studies
help validate the findings and in our case assess to what extent a dashboard
designed with Beam stakeholders could transfer to another OSS project.

We chose OpenShift for two reasons: (i) OpenShift is a larger commu-
nity with more contributors than Beam, enabling us to test our dashboard
on a different scale, and (ii) OpenShift is from a different foundation with
a different governance structure compared to ASF. Evaluating Community
Tapestry in different scenarios helps generate an in-depth understanding of
its adaptability and operational capacity, giving insight into its strengths and
areas for improvement in varied contexts [116].

We evaluated Community Tapestry with OpenShift using the same evalu-
ation approach as Beam (Section @ We piloted the study with a director of
community development in OpenShift (this position is equivalent to the PMC
chair position in Beam) to ensure that the study settings apply to OpenShift.
Unlike BEAM, where on-duty contributors actively monitor StackOverflow
activity, OpenShift’s director indicated that they do not have contributors to
engage with StackOverflow, and their community is not active there; thus this
data is not relevant to monitor their project health management. Therefore,
we excluded this data from OpenShift’s analysis. However, this capability
can be “turned on” for OpenShift if their needs change. All other processes,
including data mining, gender inference, and affiliations classifications, fol-
lowed the same approach as Beam.
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Recruitment. To recruit participants with equivalent positions or roles
in OpenShift, the director suggested recruiting members from community de-
velopment. The director then directly contacted members of the community
development team. In total, we recruited eight participants. We stopped our
recruitment at eight because we began to see saturation from participants 6
onwards. That is, we analyzed the data from each study right after it was
conducted and we did not find any new “codes” from the last two observation.
Evaluations were conducted online via Zoom and lasted an hour.

Out of eight participants, one identified as a woman, and the other
seven—as men; the gender distribution of participants is similar to Beam.
Three participants are committers, and five serve as community managers
and co-chairs. Their experience in the current roles ranges from less than
one year to 6 to 10 years. For seven of them, contributing to OpenShift was
part of their primary employment.

Data analysis. To analyze the study results from OpenShift, we fol-
lowed the same approach as for Beam. When qualitatively coding data from
OpenShift, no new codes emerged. While we observed minor differences in
how information was used, the overall trends were similar. Since the overall
results are similar, we provide the details on information usage for OpenShift
(similar to Figure [f]) in the supplementary material [76]. Next, we discuss
the results from OpenShift, showing the usefulness, diversity awareness, and
likelihood of using Community Tapestry.

Findings. Owerall usefulness and awareness. In summary, participants
from OpenShift agree on the overall usefulness and satisfaction of using Com-
munity Tapestry. They reported that the dashboard was useful to them
(Q_usefulness: Mean = 5, SD = 0.76), helped them identify areas for im-
provement (Mean = 4.5, SD = 0.53), and that they would continue using it
(Q__continue to use: Mean = 4.5, SD = 0.53).

Figure [§] shows the results from OpenShift comparing the pre- and post-
evaluation questions about their awareness of turnover and diversity aspects.
Overall, the distributions of responses for awareness questions (turnover, gen-
der, affiliation) show consistency between the pre-and post-evaluation ques-
tions; the medians remain the same at 4 (agree) for all awareness questions.
OpenShift, as with many CNCF projects, is invested in creating diverse,
inclusive environments. This might be the reason behind OpenShift partic-
ipants being already aware of the diversity in their project. The shift in
turnover awareness distribution could be because of the unexpected nature
of this information: “around [date], we have like a huge number of people
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Figure 8: Responses to the Pre-Survey and Post-Survey from OpenShift

leaving and still pretty much the same number of new contributors. This is
interesting.” (P20) (Similar to what we saw in Project B.)

Regarding taking action to improve turnover and gender diversity, while
the medians stayed the same, the distributions shifted up post-evaluation.
The action to improve affiliation, however, shifted down to 3 (neutral). Par-
ticipants mentioned that as OSS community members there was not much
they could do to entice companies to contribute: “..the company affiliation
one, while interesting, is probably at least for me...probably less useful for
me. If I'm a company person [examples of company]...that would be interest-
ing (P17).”

Likelihood of information usage. Figure [9] shows the information sources.
Participants were most likely to use information in the NEED ATTENTION
and CONTRIBUTION AMOUNT, especially for gender aspect. Multiple partic-
ipants expressed interest in observing the contribution amount by “gender:
men, women and unknown. Nice. Super nice Pull request count” (P20); “So
I would probably check this one frequently” (P16). In the set of TRENDS, we
observed similar trends from NEED ATTENTION for gender, as “evaluation
over time of a number of the PR”. Over 90% of the participants were at least
likely to use the “trends of contributors joining and their details”: “newcomers
1s always very interesting because recently I was trying to find out this data.
Yeah, I had to write my own script, some tooling... I create a post on the
social media accounts... I say, ‘here are this months’ newcomers... Thank
you for your contribution.” ” (P20)

In summary, through another confirmatory study of OpenShift, we have
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Figure 9: Dashboard information sets ranked by usage likelihood (OpenShift).

observed agreement on the usefulness of Community Tapestry across all anal-
ysis dimensions. Just as P19 mentioned “Yes!! That’s the data I've requested
couple of times for us to trump internally.” (P19). Participants (P16, P17)
suggested including geo-location as another diversity aspect (similar to the
request by ASF PD partners). As we are limited by Grimoirelab infras-
tructure, we postpone this investigation for future work. Participants also
compared Community Tapestry to existing tools they are using in their com-
munity, such as Devstats [35], acknowledging the unique value of Community
Tapestry “definitely, retention isn’t that I've been looking at in the past. and
expressed their interest and satisfaction “this is fascinating data” (P16), “this
is definitely useful” (P20), “this is helpful for sure, to get a sense”(P19), “I'm
surprised... Yeah, it’s very interesting.” (P18)

8. Discussions

Reflection from our findings. One of the most interesting findings
from these results is the potential of Community Tapestry to inspire data-
driven decision making. For example, in Project Beam participants gained
considerable insights (often deemed surprising) from the dashboard and used
the information to reflect on underlying trends, such as clusters in the PR
communication network or high turnover rates within specific groups. In
another instance, Beam participants were surprised to discover unexpectedly
high percentages of contributors leaving (see section m, see Figure 9)),
which prompted discussions about project sustainability and equity. Addi-
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tionally, the dashboard’s flexibility was showcased in its dashboard’s ability
to disaggregate data by gender and affiliation, supporting participants in fo-
cusing on issues most relevant to their community’s priorities and goals. For
instance, participants from Beam were able to delve into affiliation diversity
and turnover trends (key to maintaining cross-company collaboration) while
participants from OpenShift concentrated on gender diversity and newcomer
integration.

When aligned with a community’s priorities, an insight often prompts
participants to provide explanations, typically by drawing on their contex-
tual knowledge and understanding. In cases where an immediate explanation
is unavailable, insights tied to community priorities tend to transition into
actionable responses. These actions may include expressions of the need to
address the issue or exploratory steps to gather additional data, with the
ultimate goal of uncovering potential explanations. This dynamic highlights
how Community Tapestry effectively bridges the gap between raw data and
intention to take action by aligning insights with project priorities. Exam-
ples include prioritizing PR reviews for contributors from underrepresented
groups and fostering connections between newcomers and existing contrib-
utors, which is a direct outcome of community and inclusivity efforts. The
tool’s ability to adapt seamlessly across two structurally and operationally
distinct OSS communities (Apache and CNCF) further demonstrates its ro-
bustness, offering valuable support in varying governance and operational
contexts while maintaining its focus on equity and sustainability [117].

This work significantly advances the field of collaborative software devel-
opment by demonstrating how data-driven tools like Community Tapestry
empower collaborative communities to address structural challenges and en-
hance equity and sustainability. The fine-grained analysis of how OSS project
leaders use the dashboard—emphasizing actionable insights and reactions to
surprising trends—offers valuable guidance on designing solutions that drive
meaningful action. For example, participants used the tool to uncover pat-
terns like high turnover or uneven communication, translating these insights
into tailored interventions.

The research highlights the adaptability of Community Tapestry across
diverse OSS ecosystems, such as Apache and CNCF, illustrating how a single
tool can be leveraged effectively by communities with different structures
and priorities. This adaptability underscores its value in enhancing software
engineering practices, contributing to the broader goal of improving software
development processes, quality, and sustainability.
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Reflections from participatory design. The key principles of PD
include mutual learning between users and designers and reflecting on the
product’s development process [39]. To support our understanding of the
organization’s needs, we selected our PD partners to include a wider set
of stakeholders than just members of Beam. Each of our PD partners had
different priorities and concerns, and our discussions helped us reach a collab-
orative decision. At the same time, we had to consider the constraints of our
infrastructure provider, Bitergia Analytics, who had a (paid) contract with
the ASF. For example, geo-locations as an information source were partic-
ularly interesting to community managers. However, integrating them into
GrimoireLab’s infrastructure proved unfeasible.

As researchers, we gained a deeper understanding of the conflicting pri-
orities between paid and volunteer contributors in a hybrid project. For ex-
ample, Beam’s PMC chair had to navigate the “politics” of reviewer cliques
and their reflection on the project, especially to those outside the company.
There was a concern about whether collaboration patterns (e.g., whose PR
gets reviewed by whom and how quickly) now visible through the dashboard
could hurt morale and sponsorship, both of which impact retention. We had
long conversations about what types of demographic information could be
inferred, if they should be surfaced in the dashboard, and whether the dash-
board should be public. Ultimately, the dashboard visibility was restricted
to the PMC, potentially opening the dashboard to those with commit access.
Whether the dashboard will be public will depend on how the community
adopts it.

Finally, our conversations made us realize that the information extracted
from the dashboard, its signals, and its fit within the future users’ process
was more important than the dashboard itself. Thus, we focused a large
portion of our evaluation on this topic.

The ASF is continuing to promote project health. Through user
studies conducted on two projects within prominent OSS communities, we
gained valuable insights into the effectiveness of Community Tapestry. This
tool enhances community awareness and facilitates strategic actions for the
project involved in PD and projects operating under different community
structures. The ASF community has not only endorsed the use of Community
Tapestry in Beam but is also moving to its adoption across various projects.
This decision underscores a dedication to leveraging Community Tapestry
to enhance project health and suggests its potential for broader application.
As one community leader remarked, “I have been looking for this for a long
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time” (P17).

In Section [0] on evaluation design, we discuss the complexity of assessing
the Community Tapestry’s effectiveness in fostering a healthy, sustainable
community. This endeavor necessitates navigating various challenges and
considering multiple confounding variables inherent to these community en-
vironments. Ongoing discussions with PD partners are focused on exploring
the feasibility of conducting future impact evaluation through a counterbal-
ance study.

Limitations. Like all studies, ours carries risks. However, we have taken
reasonable steps to minimize these potential threats. Our decision to use
PD may affect the generalizability of our findings. Other communities with
different demographic distributions may prioritize different project health as-
pects and find different information to be helpful. However, we believe that
PD allowed us to deeply understand the organizational context and needs
of Beam, which outweighed PD’s drawbacks. Moreover, similar issues may
also arise concerning contribution metrics, particularly as our data collec-
tions did not include contributions that are not traceable on GitHub, such as
organizing events and answering questions on StackOverflow, which is often
unacknowledged [47, [I18]. To address these challenges, both the contribu-
tion metrics and project health aspects were developed based on discussions
with community leaders. For example, it was highlighted that contributions
to StackOverflow, which are examples of non-traditional contributions, are
frequently overlooked for Beam. This insight shows the importance of adapt-
ing Community Tapestry to the different cultures of different projects. We
also evaluated Community Tapestry with prospective users from two projects
within two OSS communities. This approach strengthened our findings by
highlighting the tool’s adaptability and providing an understanding of differ-
ent community structures.

To mitigate potential reliability issues, we used validated questions and
questions from prior literature when possible. We sandboxed and piloted
the evaluation instruments. We acknowledge that the only reliable way to
know one’s gender identity is to ask. Since such an approach does not scale,
we used algorithmic tools such as NamSor. We reduced potential errors to
the greatest extent possible (see Section . Similar reliability issues may
be raised with affiliation. We manually checked 384 contributors’ affiliation
profiles (95% confidence interval, 5% margin error of 25,000 contributors
across two communities) and ran a reliability test; our accuracy is 89%.

We acknowledge that gender classification is a double-edged sword. On

35



one hand, gender identity is a complex and multifaceted social construct as
both automated and manual classification methods are inherently limited,
often relying on heuristics such as names or regions. To balance out these
considerations, our approach provides flexibility for future updates, allowing
the PMC to refine classifications based on their contextual knowledge of the
project and its cultural norms. Additionally, our system is designed with
privacy and sensitivity in mind. The dashboard is accessible only to the
PMC and is not publicly visible. This ensures gender classification aligns
with ethical standards and IRB requirements. For future deployments in
different communities, we acknowledge that regulations and cultural norms
regarding gender and location monitoring may vary.

Moreover, interventions like Community Tapstery, which support com-
munity leaders in monitoring OSS project health and sustainability, should
consider regulations such as the Cyber Resilience Act (CRA), which em-
phasizes maintenance and security for the supply chain [I19]. Our study,
approved by IRB, aims to minimize privacy risks by using only public data.
Additionally, for aggregated data, we implemented secure login systems [120)],
restricting access to PMC members.

In this study, we focused on contributor turnover and diversity (gender
and organizational affiliation) as priority metrics to help community leaders
understand project health, which are prioritized through PD discussions with
all stakeholders. However, we acknowledge that many other metrics can
be applied to understand a project’s health [121], as diversity in OSS is
a multifaceted concept that arises from differences in contributors’ gender,
seniority, language, region, and other characteristics [72], which could also be
explored. Our PD approach provides insights for future studies to innovate
and support OSS community’s health.

9. Conclusion

In this paper, we report our experiences and outcomes in designing, devel-
oping, and evaluating a dynamic, daily-updated dashboard called Commu-
nity Tapestry. Community Tapestry prioritizes three project health aspects:
contributor turnover, gender diversity, and organizational affiliation diver-
sity. Our evaluation of Community Tapestry with future users from the two
most active and large communities demonstrates its usefulness and its capa-
bility to enhance proactive actions. “This is nice, to kinda go and reach out
and say, “hey, what’s going on?” That’ll be nice. And newcomers are always

36



very interesting because recently I was trying to find out this data.”(P20).
Participants recognized the dashboards’ potential not only in the short term
but also in the long run, as highlighted by P7: “I think this is like the best
dashboard for overall project help that I would look at and again gives me the
chance to see the results of targeted interventions most clearly” (P7).
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