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A B S T R A C T

Context: GitHub has introduced a new gamification element through personal achievements, whereby badges
are unlocked and displayed on developers’ personal profile pages in recognition of their development activities.
Objective: In this paper, we present an exploratory analysis using mixed methods to study the diffusion of
personal badges in GitHub, in addition to the effects and reactions to their introduction.
Method: First, we conduct an observational study by mining longitudinal data from more than 6,000
developers and performed correlation and regression analysis. Then, we conduct a survey and analyze over
300 GitHub community discussions on the topic of personal badges to gauge how the community responded
to the introduction of the new feature.
Results: We find that most of the developers sampled own at least a badge, but we also observe an increasing
number of users who choose to keep their profile private and opt out of displaying badges. Additionally,
badges are generally poorly correlated with developers’ skills and dispositions such as timeliness and desire to
collaborate. We also find that, except for the Starstruck badge (reflecting the number of followers), their
introduction does not have an effect. Finally, the reaction of the community has been in general mixed, as
developers find them appealing in principle but without a clear purpose and hardly reflecting their abilities
in the current form.
Conclusions: We provide recommendations to the designers of the GitHubplatform on how to improve the
current implementation of personal badges as both a gamification mechanism and as sources of reliable cues
for assessing the abilities of developers.
. Introduction

Gamification refers to the practice of incorporating elements and
echanics of game design into non-game contexts [1,2] to increase
ser engagement and motivation, as well as drive desired behaviors by
reating a sense of play and/or competition [3,4]. Previous research has
ound evidence that gamification mechanisms are in part responsible
or the success of websites such as Stack Overflow (SO) [5]. Gami-
ication, in fact, has always been a staple of the technical Q&A site
hose members gain badges, medals, and privileges by being good

ommunity citizens (e.g., answering questions, editing poorly written
osts, etc.). Another popular source of user-generated content in the
oftware Engineering domain is GitHub, which, in contrast, has always
ncorporated several social features (e.g., developers have their per-
onal profiles and can follow each other, repositories can be starred),
ut only implemented a few and simple gamification elements on its
ebsite, such as code streak counters, which were removed from the

ontribution graph in May 2016 [6]. However, this suddenly changed
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E-mail address: fabio.calefato@uniba.it (F. Calefato).

in June 2022, when a blog post [7] announced the introduction of
personal achievements, a new feature whereby badges are unlocked in
recognition of developers’ activities and displayed on their personal
profile pages. However, unlike SO, neither the list of available badges is
publicly disclosed by GitHub nor their meaning and the rules to unlock
them. Previous research has shown that implementing gamification
elements in a collaborative software platform may steer the behavior of
developers in unexpected and unwanted directions [8]. We have found
evidence that it is not entirely clear to the GitHub community how to
interpret the meaning of personal achievements. In Fig. 1, a user asks
the community for help (1) on how to interpret the Pull Shark badge
(2), and two other users agree with the original poster that the meaning
of the badge is ambiguous and not intuitive (3).

GitHub not only has earned the reputation as the one-stop-shop
for software development [9], but has also quickly become a useful
platform for job seekers [10–12]. Employers access the GitHub profile
pages of job candidates to supplement resumes and further assess their
ttps://doi.org/10.1016/j.infsof.2024.107561
eceived 29 December 2023; Received in revised form 19 August 2024; Accepted 2
vailable online 22 August 2024 
950-5849/© 2024 The Author(s). Published by Elsevier B.V. This is an open access a
0 August 2024

rticle under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ). 

https://www.elsevier.com/locate/infsof
https://www.elsevier.com/locate/infsof
mailto:fabio.calefato@uniba.it
https://doi.org/10.1016/j.infsof.2024.107561
https://doi.org/10.1016/j.infsof.2024.107561
http://creativecommons.org/licenses/by/4.0/


F. Calefato et al. Information and Software Technology 176 (2024) 107561 
Fig. 1. An excerpt taken from a GitHub discussion on the difficulty of interpreting the
meaning of badges.

knowledge, skills, and abilities. Marlow and Dabbish [13] found that
the design of GitHub strongly influenced the activity traces available
through profile pages, which employers look at during applicant eval-
uation. In particular, they observed that employers look at the activity
traces that provide reliable cues and require less effort to access and
evaluate them. Because personal achievement badges are gamification
elements that provide quick and low-effort access to activity traces,
GitHub users who display them on their profile pages may be unin-
tentionally ‘giving off’ cues that have unexpected repercussions, for
example, to managers assessing them as job candidates and to other
OSS developers reviewing their contributions [14,15].

In this paper, we investigate the effects of introducing a new gami-
fication element into GitHub. Specifically, we conduct a mixed-methods
study of personal achievement badges (in short, personal badges here-
after). We characterize the distribution of badges in GitHub (RQ1),
investigate the technical skills, attributes, and personal dispositions of
developers they are intended to signal and how well they correlate
with these qualities1 (RQ2), and examine the effects, if any, that the
introduction of this feature has had on developers’ activities (RQ3).
Finally, we gauge how the GitHub community feels about the new
feature (RQ4).

After mining longitudinal data from over 6000 GitHub developers,
we find that while most of them own at least one badge, the number
of those who chose to have a private page or opted out of displaying
badges on their profile has been steadily increasing. Furthermore,
correlation and regression analyses reveal that, respectively, only one
of the five types of personal badges analyzed (i.e., Starstruck) pro-
vides a reliable signal of the associated attribute (i.e., popularity) and
that its introduction has positively affected the number of followers for
developers displaying the badge. Finally, the analysis of 54 responses to
a survey and 312 community discussions shows that, while some users
find badges somewhat appealing and nice to display, most find them
unreliable as visual cues of developers’ skills and dispositions.

The remainder of this paper is organized as follows. In Section 2,
we illustrate the theoretical background of the paper. In Section 3, we
present the four research questions. The empirical study is described
in Section 4, together with the dataset and the methods used to carry
out the investigation. The results are presented in Section 5 and dis-
cussed in Section 6 together with related work. Finally, we discuss the
limitations in Section 7 and conclude in Section 8.

2. Background

2.1. Social translucence

One of the reasons behind the success of GitHub is that it has been
designed as a ‘socially translucent’ system [16], which makes socially

1 For the remainder of this document, we employ the term ‘qualities’
as an abstraction encompassing developers’ skills, attributes, and personal
dispositions.
2 
salient information (e.g., stars, followers) and the activities of partici-
pants (e.g., contribution calendar) visible, thus providing the basis for
inferences, planning, and coordination. On the contrary, previous OSS
forges like SourceForge were generally opaque to social information.

According to Erickson and Kellogg [16], there are three building
blocks to designing socially translucent knowledge platforms, namely
visibility, awareness, and accountability ; visibility and awareness ensure
that users modulate their actions appropriately (e.g., seeing who made
the latest changes to a file and who is assigned to fix a bug report),
and accountability ensures that norms and rules come into play as
effective mechanisms of social control (e.g., feeling the pressure of
fixing a build-breaking commit).

We argue that profile pages, which show developers’ salient per-
sonal information, activity traces, and now also personal badges, act as
a hub for socially translucent2 signals that support visibility, awareness,
and accountability in GitHub.

2.2. Signaling theory

When choosing with whom to collaborate, especially online, much
of what we want to know about others is not directly observable.
Instead, we rely on signals, i.e., perceivable features and actions that
indicate the presence of qualities of interest [17]. For example, on
collaborative development platforms like GitHub we can rely on the
total number of code-review comments as a signal of a developer’s
timeliness and commitment; similarly, a large number of contributed
pull requests can signal technical skills and high productivity.

Signaling theory, initially developed in the fields of economics [18]
and biology [19], is useful to model the relationship between signals
and qualities, and to explain how only certain signals can be consid-
ered reliable. At its core, signaling theory is fundamentally concerned
with reducing information asymmetry between the signaler – i.e., the
party who possesses some pieces of information/personal attributes and
benefits from the actions taken by the other party – and the receiver –
i.e., an outsider who lacks information and would in turn benefit from
making decisions based on it. For example, in biology, a peacock (the
signaler) shows off the size and shape of his tail to be selected in favor
of alternative partners (the signaler’s benefit) by a peahen (the receiver)
because a larger tail is a signal of a healthy bird and a better chance of
healthy offspring (the receiver’s benefit) [19].

However, not all signals are reliable. To be considered reliable, the
cost of deceiving a signal must outweigh the potential benefits. In terms
of reliability, we distinguish two classes of signals. Assessment signals,
which are inherently reliable because the signal can be produced only
if the signaler possesses the indicated quality. For example, being able
to lift a heavy weight in a gym is an assessment signal of someone’s
strength – a person without enough strength would simply not be able.
The other class of signals, named conventional signals, is not inherently
reliable because the link between signal and quality is arbitrary, and is
established by social conventions. For example, owning a gym t-shirt
is a conventional signal of strength, as it is easily accessible, even if
the wearer is weak. These types of signals are widespread in online
interaction; for example, the descriptions on online profile pages are
conventional signals, which are unreliable because they are more open
to deception. Therefore, for signals to be reliable, they have to be
observable – receivers need to be able to notice them – and they have
to be costly to produce. In the labor market scenario, where employers
lack information on job applicants, high-quality prospective employees
differentiate themselves from the other low-quality applicants by high-
lighting in their resumé their education; holding a degree with honors

2 Erickson and Kellogg use the adjective translucent instead of transparent
to highlight privacy concerns and the constant tension between showing just
enough and too much information on socially augmented platforms. We use
the term consistently.
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from a prestigious institution is a signal that is easily observable for
recruiters and is also costly to produce and hard to fake without being
smart and hard working [18].

Previous research has shown that easily observable signals conveyed
through online profiles in translucent, social coding platforms (e.g., SO
eputation points, GitHub activity graph) can act as proxies of exper-
ise [20,21], awareness [22], and commitment [15,23]. Consequently,
ere we investigate the extent to which personal badges in GitHub can

be considered reliable as signals (whether assessment or conventional)
of desirable yet directly unobservable skills, attributes, and personal
dispositions of developers (e.g., timeliness, popularity, desire to collab-
orate, etc.), useful in the scenarios of open source software development
collaboration (i.e., ‘people sensemaking’) [20] and job seeking [13].

2.3. Gamification in SE

Gamification in software engineering is common, especially in the
social programmer software ecosystem [14], where several types of
elements of game design are often used [24]. Pedreira et al. [25]
conducted a systematic mapping study on gamification in software
engineering and found that badges, i.e., tokens that users can display
only after completing specified activities [26,27], are the second most
used gamification element after point-based reputation. For example,
SO implements a reward system that combines reputation scores and
leaderboards with badges to publicly reward users for their contribu-
tions. Papoutsoglou et al. [28] found that gaining badges in SO favors
changes in users’ attitudes from conservative to more open-minded and
eager for new knowledge.

GitHub has recently implemented personal badges to reward de-
velopers for unlocking achievements through their activities on the
coding platform. This is the first work to study the effects of badges
and the reactions of the community to this new gamification element
since its implementation in GitHub. Previous research on GitHub, in
fact, has focused on badges added by developers to README pages
as visual cues that provide quick access to repository and source code
statistics [29–31].

Although intended to increase user participation and steer user
behavior in desired directions, gamification can have unwanted ef-
fects, even resulting in lower engagement, satisfaction, and perfor-
mance [32]. Moldon et al. [8] examined how the behavior of GitHub
developers changed after the removal of the code streak counters from
the activity graphs displayed on their profile pages. They found that
long-lasting streaks became less common, thus highlighting the power
of gamification as a channel of social influence and raising aware-
ness on the potential consequences of adding gamification elements to
collaborative development platforms.

Finally, SO provides a complete list of existing achievements, as well
as rules and even community guidelines [33] to detail how to obtain
them. However, an undesirable side effect of knowing which achieve-
ments are there and how to unlock them is that the behavior of users
may change after obtaining a badge. Grant and Betts [34] observed
that the number of edits to posts in SO drastically drops once users
obtain related achievements. In GitHub, neither the list of achievements
nor the rules for obtaining them are publicly disclosed. We speculate
that the choice of not making the list of achievements public may be
intended to help avoid the risk of steering developers’ behavior toward
the game, thus ensuring that the regular coding activity on the platform
is rewarded with achievement badges.

2.4. Summary of key concepts

The background of this study is grounded in three interconnected
concepts: social translucence, signaling theory, and gamification in
SE. Social translucence, as exemplified by GitHub, emphasizes the
mportance of visibility, awareness, and accountability on collabora-
ive platforms. This concept is closely tied to signaling theory, which
3 
explains how observable features (signals) can indicate unobservable
qualities, distinguishing between inherently reliable assessment signals
and potentially unreliable conventional signals. GitHub’s recent imple-
mentation of personal achievement badges represents a confluence of
these concepts, potentially serving as signals of developer qualities
while also influencing user behavior. However, the impact of such
gamification elements is not always straightforward, as evidenced by
previous studies on platforms like SO, highlighting the need to carefully
consider their implementation and their effects on developer behavior
and platform dynamics.

3. Research questions

The overall goal of this paper is to characterize the diffusion, effects,
and perception of personal badges in GitHub. Consequently, we define
and answer the following four research questions.

RQ1 – What is the distribution of personal badges on GitHub?
With the first research question, we want not only to uncover the

distribution of unlocked personal badges by type, but also to assess
whether and how many developers opted out of displaying them on
their public profile page.

RQ2 – Are personal badges reliable signals of developers’ qualities?
The second research question is based on signaling theory. Because

there is no official description of personal badges and how to obtain
them, only unofficial resources such as repositories3 and community
discussions,4 we first seek to understand what developer qualities they
are signaling (e.g., timeliness, popularity, desire to collaborate). Then,
we assess whether these signals are reliable.

RQ3 – Has the introduction of personal badges affected developers’
activities?

Although the ultimate benefit of implementing gamification in
GitHub should be the promotion of best practices for collaborative
software development, previous research has shown that gamifica-
tion elements can instead lead to unintended changes in developers’
behavior. As such, our objective is to understand the effects of the in-
troduction of personal badges on the activities that developers typically
perform in GitHub. As detailed in Section 5.2, we define activities in
terms of several selection and collaboration scenarios that are typical
of OSS development.

RQ4 – How does the GitHub community feel about personal badges?
Finally, we investigate the response of the GitHub community to the

introduction and perceived usefulness of personal badges.

4. Empirical study

4.1. Data

We collected a multidimensional longitudinal dataset of badges
and other activities of ̃6k GitHub developers, using the following
procedure.

We collected data from a sample of projects, building on our pre-
vious study [35] that examined the extent of developer disengagement
among GitHub repository contributors. At the time of writing, GitHub
hosts ̃28 million public repositories. Kalliamvakou et al. [36] reported
several perils when mining GitHub, as many repositories do not con-
tain source code or are not software-engineered projects. Following
their recommendations, we devised a selection approach that would
filter out personal or inactive projects that do not contain source
code (e.g., static websites, documentation projects) or do not have a
sufficient development activity history (e.g., commits, pull requests).
Consequently, we started with the selection of organizations and, First,
from the Topics section on the GitHub website, we identified the ten

3 https://github.com/Schweinepriester/github-profile-achievements.
4 https://github.com/community/community/discussions/28656.
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most trending topics. Five to six organizations per topic were selected,
resulting in a total of 58 organizations. For each of them, we used the
GitHub API to retrieve the list of members of each organization. The
API returned an error when retrieving the members of seven organi-
zations; hence, we ended up with 6022 random developers from 51
organizations. In our sample, we found a balance between volunteers
(51%) and paid contributors (49%).5 Then, for each organization, we
selected the ‘reference project’ (e.g., rails/rails); when unclear
(e.g., laravell/framework), we chose the largest in terms of
contributors and, if more projects had a similar number of contributors,
we chose the one with the most stars. With this approach, we were able
to generate a heterogeneous sample of projects that vary in terms of size
(contributors, pull requests, LOC), history (age), and programming lan-
guage. Refer to the supplementary material in the replication package6

for a breakdown of the selected projects’ characteristics.
Next, we detail the data collected and measures for each research

question. To investigate RQ1 (diffusion of personal badges), because
the GitHub API does not support the retrieval of personal badges, we
developed a custom scraper in Python. For each user, we scraped the
profile page to retrieve the list of unlocked personal badges and the
time the achievement was first obtained. GitHub introduced personal
badges in June 2022; we repeated scraping monthly for six months,
from June to December. We also counted how many GitHub developers
chose not to have a public profile page or opted out of displaying
personal badges from their public profile page.

To investigate the reliability of badges as signals of developers’
qualities (RQ2) and the potential effects of badges on developers’
activities (RQ3), we collected several repeated measures (see Sec-
tion 4.2) regarding their development activities and popularity. Re-
garding development-related activities, we used the GitHub API to mine
the number of Issues and Pull Requests (PRs) opened, closed (merged),
and worked on (as assignee) by developers in our sample, the time to
close issues and merge pull requests, and the number of commits. As
a measure of the popularity of developers in the GitHub community,
we also collected the number of followers. All of these metrics were
collected monthly for twelve months, from January to December 2022.

To gauge the perceptions of personal badges in GitHub (RQ4), we
used Google Forms to design an online survey consisting of 15 questions
(both closed and open). After collecting basic demographic data, the
questions focused on why respondents choose (not) to display badges
on their profile, whether they consider them indicators of develop-
ment skills, and what inferences they make about other developers
who display badges on their profile pages. The survey was advertised
on social media and posted as a question to the GitHub community
discussions space.7 Respondents received no monetary compensation.
A copy of the survey is available online as supplementary material.8
Furthermore, to complement the survey and also further assess how the
GitHub community reacted to the introduction of personal badges, we
extracted all the discussions from the community/community
repository that were listed under the profile category9 and also
contained the keyword badge and/or achievement.

5 We used the approach proposed by Zhang et al. [37]. We analyzed the
domain of the email addresses associated with commits. Developers using
email addresses from free, general provider domains (e.g., gmail.com) were
categorized as volunteers. Conversely, developers using email addresses regis-
tered to company or organization domains (e.g., mozilla.com) were classified
as paid contributors.

6 https://doi.org/10.5281/zenodo.7501582.
7 https://github.com/community/community/discussions/37346.
8 https://doi.org/10.6084/m9.figshare.26105695.
9 https://github.com/community/community/discussions/categories/

profile.
4 
4.2. Methods

To answer RQ1 (diffusion of personal badges), we compute the
number and percentages of badges unlocked by developers in our
experimental sample for each month, from June to December 2022,
together with the number of developers who opted out of visualizing
their badges on the profile page or made their profile page private. In
addition, we plot the monthly progression of the number of unlocked
badges.

Regarding RQ2 (reliability of badges as signals), we first hypothesize
and then search for correlations between the presence of personal
badges and differences in the qualities they might signal. We collect
several measures, such as the number of followers, commits, and open
and closed issues and PRs. After verifying the presence of non-normal
distributions with the Shapiro–Wilk test, we use the non-parametric
Wilcoxon–Mann–Whitney (WMW) test to compare distributions and
Cliff’s 𝛿 to assess the effect size.

Personal badges may be correlated with various qualities (i.e., skills,
attributes, and dispositions) of developers. However, the analysis per-
formed for the second research question cannot assess whether and
how the introduction of personal badges has any effect on developer
activities. Consequently, for RQ3 we perform a difference-in-difference
(DiD) regression analysis [38], a quasi-experimental approach that uses
longitudinal data from observational studies to assess the causal impact
of an intervention by comparing changes that occur over time in the
outcome variable (e.g., number of commits) between the treatment
group (i.e., developers who unlocked the Galaxy Brain badge) and
the control group (i.e., developers who did not) [39].

Finally, to answer RQ4 (perceptions of personal badges), we first
quantitatively and qualitatively analyze the responses to the survey;
then, we perform a thematic analysis of the discussion posts men-
tioning personal badges. Specifically, we focus on the questions that
express positive/negative feedback, report shortcomings, and provide
suggestions to improve personal badges.

5. Results

5.1. RQ1 – Diffusion of personal badges

Table 1 shows the distribution of unlocked badges in our data
set as of December 2022. The statistics in the table reveal that the
most popular badge is Arctic Code Vault Contributor (4591,
27.02%). This result is ‘inflated’ because it is among the badges that
already existed before the launch of the personal badges in June 2022;
in addition, this badge is not earnable anymore, as it was awarded
to anyone contributing code to GitHub in 2020. The other previously
existing badges are Mars 2020 Contributor (282, 1.66%), and
Public Sponsor (118, 0.69%), unlocked, respectively, by develop-
ers who contributed code to the repositories used in the Mars 2020
helicopter mission and by those who have provided sponsorships to
projects through the GitHub Sponsors program. Because these three
badges predate the introduction of personal achievement badges, they
were excluded from subsequent analyses.

Regarding the other recently introduced types of badges, the most
common (aggregated by tier) is Pull Shark (4762, 28.03%), un-
locked by merging a certain number of pull requests. The second
most common type of badge in our dataset is Starstruck (2385,
14.03%), which is awarded by owning repositories that receive more
and more stars from other users. Pair Extraordinaire (1824,
10.74%) and Galaxy Brain (263, 1.55%) are unlocked, respectively,
by coauthoring merged pull requests and by answering questions in
project discussions. Finally, YOLO (1324, 7.79%) is the personal badge
awarded to those who have merged a pull request without performing
a code review. We analyzed a sample of approximately 1900 Pull
Requests (PRs) that were merged on the same day their authors ob-
tained the YOLO badge. After discarding 362 PRs (19%) submitted to

https://doi.org/10.5281/zenodo.7501582
https://github.com/community/community/discussions/37346
https://doi.org/10.6084/m9.figshare.26105695
https://github.com/community/community/discussions/categories/profile
https://github.com/community/community/discussions/categories/profile
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Table 1
Categories of personal achievement badges unlocked as of December 2022 and their distribution in our dataset.
The gray-hued badges are excluded from empirical analysis.
personal projects, we found that 86% (1316) of the remaining PRs were
merged by the authors themselves. This suggests that these contributors
are likely maintainers or core developers with write access to the
code repository. Because the action that earns developers this badge
is a development practice that should not be encouraged, it was also
excluded from subsequent analyses. We also discuss the bad coding
practice promoted by the YOLO badge during the analysis of the survey
responses in Section 5.4.1.

As of December 2022, most of the 6022 developers in our dataset
had at least one personal badge displayed on their profile page (4977,
82.65%), only 1 (0.02%) had no personal badge, and 1044 (17.34%)
had opted out of displaying badges or having a public profile. Fig. 2
plots over six months the distributions of the number of developers
with badges (with preexisting badges excluded) versus those who either
opted out of displaying badges on their profile page or without a public
profile altogether. We observe an initial increase in the number of users
who display badges from June (4825, 80.12%) to July (5163, 85.74%);
afterward, we notice a decreasing trend (4452, 73.93% in November)
with more and more developers choosing not to display badges, either
opting out or because they chose not to have a public profile page
(1412, 23.48%).
5 
Fig. 2. Number of users with badges vs. those who opted out of displaying badges or
without a public profile page (the filter refers to the exclusion of preexisting badges.).
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Fig. 3. Distributions of response variables with and without badges. WMW 𝑈 , 𝑝-value, and Cliff’s 𝛿 statistics below each figure.
5.2. RQ2 – Reliability of personal badges as signals

Correlation analysis. To discover what badges might be signal-
ing, we investigated the associations of their presence with desirable
qualities (i.e., skills, attributes, and dispositions) of OSS developers.
The results of the correlation analysis between the badges and their
6 
hypothesized qualities are reported below. The distributions are illus-
trated in Fig. 3, where we report the results of the WMW tests with
𝑝-values. Cliff’s 𝛿 values are also reported to gauge the effect size (the
magnitude is assessed using the thresholds provided in [40], i.e., |𝛿| <
.147 ‘negligible’, |𝛿| < .33 ‘small’, |𝛿| < .474, ‘medium’, otherwise ‘large’).

To gauge how GitHub developers perceive the signals sent by per-
sonal badges, we defined the following question in the survey (further
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described in Section 5.4): ‘‘Q14. For each badge, please report the intended
signal that you think it sends to others and, if different, the actual signal it
conveys to people visualizing it’’. As detailed in Section 5.4.1, 54 GitHub
developers participated in the survey. However, for question Q14 we
eceived 39 responses, with 8 respondents answering that they had no
nderstanding of the meaning of some badges (P30: ‘‘They’re supposed
o show me some kind of evidence, but I don’t know’’). Consistently
ith the relatively low number of useful answers (31), the analysis of
uestion Q14 suggests that the GitHub community may not have a clear
nderstanding of what signals, if any, personal badges send to others.
owever, the valid answers show some consistency in describing the
erceived signals. After analyzing and grouping the mentions of similar
ignals in the answers, which we considered only if they appeared at
east three times, we hypothesized associations between the perceived
ignal sent by each personal badge and some code development metrics
vailable through the GitHub API, as described below.

The Pair Extraordinaire badge is awarded to developers
ho coauthor merged pull requests. According to the clustered survey

esponses (𝑛 = 6), owning the badge might signal an increased desire to
ollaborate (𝑃37: ‘‘The badge] suggests that they like collaborating with other
evelopers to create some pieces of code’’). Consequently, we tested its cor-
elation with the number of authored commits, as well as the number of
Rs and Issues opened, as pull-based development has been popularized
y GitHub to collaborate and integrate developers’ contributions to
roject repositories [41,42]; also, we aggregated the number of PRs and
ssues opened, due to their interlinked nature in GitHub and because
pening an Issue (e.g., for reporting bugs or requesting features) is
valuable form of non-coding collaboration [43]. The results of the
MW tests show the existence of a statistically significant difference

etween developers with and without the badge and the number of
ssues and PRs opened (Fig. 3(a), 𝑝 < .001), but with a negligible effect
ize (𝛿 = .132). Instead, there is no statistically significant difference in
he case of the number of authored commits between developers with
nd without the Pair Extraordinaire badge (Fig. 3(b)).

Regarding the Quickdraw badge, gained by developers who close
Issues and PRs within 5 min, according to the the grouped survey
response (𝑛 = 7) its presence could be a signal of timeliness (𝑃14: ‘‘It may
indicate that you’re fast, committed;’’ 𝑃19: ‘‘The word [Quickdraw ] says
s it... they’re quick;’’ 𝑃40: ‘‘I guess it signals you’re on time, which means
edication too’’). Consequently, we tested its association with an overall
horter time taken to close Issues and PRs compared to those who do
ot own the badge. The result (Fig. 3(c)) shows a statistically significant
ifference in the WMW test, but a negligible effect size (𝑝 < .001,
< −0.031).

The most substantial finding is observed for the Starstruck
adge, which, according to the the similar responses (𝑛 = 9), is
erceived as a signal of popularity since it is unlocked when repositories
re starred (𝑃41: ‘‘It tells others that you are a coding rockstar ;’’ 𝑃50: ‘‘[It]
eans that you’re popular, I guess’’). Therefore, we tested the correlation
f its presence on developers’ profile pages with the number of their
ollowers, a commonly used proxy measure of developer popularity in
itHub [44]; the results in Fig. 3(d) show that there is a statistically

ignificant difference between the distributions of developers with and
ithout the badge in terms of the number of followers (𝑝 < .001) and

hat this difference has a large effect size (𝛿 = .693).
The Galaxy Brain badge is unlocked when answers posted to

roject discussions are accepted. According to respondents (𝑛 = 4),
ts presence could signal a greater willingness to help projects grow (𝑃8:
‘Maybe support? That you want to help a GitHub project and its community
eyond ‘just’ coding?’’). Discussions [45] is a new feature for asking
uestions or discussing topics in GitHub projects, outside of specific
ssues or PRs, in a way similar to Question-Answering sites such as
O. The analogy with SO suggests that developers may be motivated
o respond to GitHub posts for similar reasons, most notably the desire
o help fellow programmers [33], contribute to the community [46],

nd build a reputation [47]. As such, we tested the correlation between 𝐵
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ts presence and the number of Issues and PRs opened, which again
re the main features of GitHub used by developers to contribute to
rojects [42]. The results in Fig. 3(e) show that there is a statistically
ignificant difference (𝑝 < 0.001) and a small effect size (𝛿 = 0.156)
etween developers with and without the badge in terms of opened
ssues and PRs.

Finally, the Pull Shark badge is obtained when PRs are merged
nto a project repository. Based on survey responses (𝑛 = 5), its presence
ould represent a signal of willingness to contribute code to projects
𝑃29: ‘‘As a maintainer, [Pull Shark] gives me the general idea of
omeone who wants to write code, for their own or others’ repos;’’ 𝑃42:
‘[It] signals that you’re an active code contributor ’’). Consequently, we
ested its correlation with the number of both authored and committed
ommits. In the case of authored commits, the results of the WMW tests
how a statistically significant difference, but a negligible effect size
etween developers with and without the badge (Fig. 3(f), 𝑝 < 0.01, 𝛿 =
.023). Regarding committed commits, we observe a lack of statistical
ignificance (see Fig. 3(g)).
Correlation analysis by tier. In general, the correlation analysis

evealed limited significant results (Table 2, column All). Most differ-
nces, in fact, are significant but with negligible or small effect sizes,
ith the exception of the Starstruck badge, which exhibits a strong
ssociation with the number of followers, as a signal of popularity. One
eason for the negligible effect sizes may be that the correlation analysis
as performed by aggregating all badge tiers (Table 1), thus distin-
uishing only between developers with and without badges. Therefore, it
ight be possible that the tier-2 (bronze), tier-3 (silver), and tier-4 (gold)

adges, which are harder to achieve, might send more reliable signals
han the basic tier-1 badges of the same type. Consequently, in Table 2
e report the results of the correlation analysis by tier. However, we
bserve only a few variations. The difference in the number of followers
etween developers without the Starstruck badge and those who
nlocked the basic tier is significant, but with a negligible effect size
𝛿 = −0.031); on the contrary, the effect sizes remain large for the
ther tiers. Furthermore, for the Galaxy Brain badge, we observe
significant difference with a medium effect size (𝛿 = 0.341) only for

he silver tier.

.3. RQ3 – Effects of personal badges on developers’ activities

This section presents the results of the difference-in-difference (DiD)
egression analysis. The fundamental assumption for applying a DiD
egression is that in the absence of treatment (i.e., before the in-
roduction of personal badges) the dependent variable trend would
e the same in both the treatment group (i.e., the developers who
ill eventually unlock a given type of badge) and the control group

i.e., the developers without the badges). Developers who opted out of
isplaying badges on their profile page and chose to keep the profile
rivate were excluded from the following analysis. In Fig. 4(a), using
oxplots we visually confirm the parallel (or common) trends assumption
or the Starstruck badge; Fig. 4(b) instead shows a violation of
he premise for the Quickdraw badge, which is therefore excluded
rom this analysis. The other badge excluded from this analysis for the
ame reason is Pull Shark, in terms of both the number of authored
nd committed commits. Refer to the supplementary material in the
eplication package for the other figures.

A difference-in-difference regression model is built to estimate equa-
ions such as (1)

𝑖𝑡 = 𝛼 + 𝛽𝐵𝑖 + 𝛾𝐵𝐴𝑡 + 𝛿(𝐵 × 𝐵𝐴)𝑖𝑡 + 𝜖𝑖𝑡 (1)

here 𝑦𝑖𝑡 is the dependent variable (outcome) for developer 𝑖 at time
, 𝐵𝑖 is the binary variable for developers who own a badge (the
reatment group, i.e., 𝐻𝑎𝑠𝐵𝑎𝑑𝑔𝑒𝑖 = 1) or not (the control group,
.e., 𝐻𝑎𝑠𝐵𝑎𝑑𝑔𝑒𝑖 = 0), and 𝐵𝐴𝑡 is a time dummy that switches on
or observations obtained after June 2022 when personal badges be-
ame available (i.e., 𝐵𝑎𝑑𝑔𝑒𝐴𝑣𝑎𝑖𝑙𝑡 = 1 when 𝑡 > 𝐽𝑢𝑛𝑒, otherwise

𝑎𝑑𝑔𝑒𝐴𝑣𝑎𝑖𝑙𝑡 = 0). Finally, 𝜖𝑖𝑡 is the residual term.
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Table 2
Results of the WMW test for each badge, aggregated and by tier. Significant results with medium or large effect sizes are shown in bold.

Badge All Basic tier (x1) Bronze tier (x2) Silver tier (x3) Gold tier (x4)

WMW U 𝛿 WMW U 𝛿 WMW U 𝛿 WMW U 𝛿 WMW U 𝛿

Pair extraordinaire (# Issues & PRs opened) 4.82 × 106*** 0.132 2.11 × 106*** −0.031 1.22 × 106*** 0.146 1.34 × 106*** 0.218 1.48 × 105*** 0.229
Pair extraordinaire (# authored commits) 4.57 × 106*** 0.073 2.07 × 106*** −0.031 1.16 × 106*** 0.085 1.21 × 106 0.101 1.34 × 105* 0.115
Quickdraw (time to close Issues & PRs) 1.54 × 109*** −0.031 1.54 × 109*** −0.031 – – – – – –
Starstruck (# followers) 4.81 × 106*** 0.693 2 × 106*** −0.031 1.26 × 106*** 0.755 1.17 × 106*** 0.880 3.77 × 105*** 0.958
Galaxy brain (# Issues & PRs opened) 9.34 × 105*** 0.156 6.71 × 105*** −0.031 1.51 × 105*** 0.236 75,607.5*** 0.341 36,937.5 0.072
Pull shark (# authored commits) 4.41 × 106** 0.023 7.48 × 105 −0.031 1.25 × 106 0.002 1.78 × 106*** 0.032 6.3 × 105*** 0.082
Pull shark (# committed commits) 4.33 × 106 0.004 7.44 × 105** −0.031 1.24 × 106 −0.008 1.74 × 106 0.007 6.08 × 105*** 0.045

* 𝑝 < 0.05.
** 𝑝 < 0.01.
*** 𝑝 < 0.001.
̃

Fig. 4. Examples of visual confirmation (a) and violation (b) of the assumption of
parallel trends before the introduction of personal badges.

The resulting DiD model is an interaction model interpreted as
follows [38]. The intercept estimate 𝛼 is interpreted as the mean of the
outcome (i.e., the dependent variable 𝑦) for the control group (i.e., the
developers without the badge) in the month(s) before the introduction
of the personal badges feature in GitHub (i.e., 𝐻𝑎𝑠𝐵𝑎𝑑𝑔𝑒𝑖 = 0 and
𝐵𝑎𝑑𝑔𝑒𝑠𝐴𝑣𝑎𝑖𝑙𝑡 = 0). The coefficient 𝛽 of 𝐻𝑎𝑠𝐵𝑎𝑑𝑔𝑒 is the expected
mean change in the outcome 𝑦 between the treatment and control
groups in the pre-treatment period (𝐻𝑎𝑠𝐵𝑎𝑑𝑔𝑒𝑖 = 1 and 𝐵𝑎𝑑𝑔𝑒𝑠𝐴𝑣𝑎𝑖𝑙𝑡 =
0); this can be viewed as the ‘baseline difference’ in the outcome
8 
variable between the two groups before treatment. The coefficient 𝛾
of 𝐵𝑎𝑑𝑔𝑒𝑠𝐴𝑣𝑎𝑖𝑙 is the expected mean difference in 𝑦 before and after
the introduction of the personal badges among the control group; the
main effect for 𝐵𝑎𝑑𝑔𝑒𝑠𝐴𝑣𝑎𝑖𝑙 is the effect of the simple passage of time
in the absence of the treatment. Finally, the estimated coefficient 𝛿 of
the interaction term is an estimate of the treatment effect. This is the
DiD coefficient and the focus of this analysis because the interaction is
to test whether the expected mean change in the outcome 𝑦 before and
after the introduction of the new feature is different for the treatment
and control groups, respectively, the developers with (𝐻𝑎𝑠𝐵𝑎𝑑𝑔𝑒𝑖 = 1)
and without (𝐻𝑎𝑠𝐵𝑎𝑑𝑔𝑒𝑖 = 0) the badge of interest.

Table 3 presents the results of the DiD regressions using the latest
data snapshot collected in December 2022. They show that the interac-
tion term is significant only for the Starstruck badge, on which we
focus on the presentation of findings. The DiD coefficient 𝛿 is significant
and different from zero (0.169); this means that the introduction of the
new feature of the Starstruck badge, which counts the number of
starred repositories of a developer, caused an increase in the average
number of followers; specifically, because the regression is in logs, the
average count of followers in the post-treatment time window is 18.4%
(i.e., (𝑒𝑐𝑜𝑒𝑓 − 1) × 100) higher than it would have been without the
introduction of the Starstruck badge in GitHub [48]. In addition,
we observe that the coefficient 𝛽 (treatment group) is significant and
different from zero, which means that in the pre-treatment time win-
dow the developers in the treatment and control groups had a different
number of followers; specifically, the developers with the badge had
on average 299.9% more followers than those without it. Finally, the
coefficient 𝛾 is also significant and different from zero (−0.1), meaning
that the average number of followers in the control group from the
pre-treatment to the post-treatment time window decreased by 9.5%.

5.4. RQ4 – Community perception of personal badges

5.4.1. Survey analysis
We received 57 responses. The survey analysis was carried out

by the first two authors. They analyzed the survey results reading
and annotating the responses in a spreadsheet to identify interesting
excerpts from open questions and highlight commonalities. After that,
the entire team discussed and consolidated the extracted excerpts.

Regarding demographics (Q1–Q4), participants in the survey re-
ported having on average 9 years of experience (min. 1, max. 31,
median 8). The participants also maintain an average of 6 non-personal,
open source software repositories (min. 0, max. 18, median 4) and have
contributed to ̃22 public repositories (min. 1, max. ̃100, median 15).
Finally, they reported having an average of ̃28 followers (min. 0, max.
100, median 22). Three respondents were disqualified because they

reported (Q5) that they had opted out of displaying badges (1) or did
not have a public profile page (2). They motivated their choices (Q15)
by saying that they ‘‘simply don’t like the idea of badges’’ (P22) and that
GitHub ‘‘may be a social coding site but it’s not (or shouldn’t be or become)
like social media’’ (P ). The other users who reported keeping the badge
33
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Table 3
Results of the difference-in-difference regression for each badge. Significant results are highlighted in bold.

Pair extraordinaire, log(y=no. issues and PRs opened)

Coef (S.E.) [0.25 0.75]

Intercept (𝛼) 0.295 (0.142)* 0.015 0.574
HasBadge (𝛽) 0.054 (0.198) −0.335 0.443
BadgeAvail (𝛾) 0.913 (0.169)*** 0.581 1.245
HasBadge:BadgeAvail (𝛿) 0.374 (0.229) −0.077 0.825

Adj. R2 = 0.212
Treatment 𝑛 = 250, Control 𝑛 = 170

Pair extraordinaire, log(y=no. authored commits)

Coef (S.E.) [0.25 0.75]

Intercept (𝛼) 8.972 (0.053)*** 8.904 9.041
HasBadge (𝛽) −0.107 (0.067) −0.239 0.025
BadgeAvail (𝛾) −0.200 (0.040)*** −0.277 −0.122
HasBadge:BadgeAvail (𝛿) 0.072 (0.076) 0.344 −0.077

Adj. R2 = 0.004
Treatment 𝑛 = 250, Control 𝑛 = 170

Starstruck, log(y=no. followers)

Coef (S.E.) [0.25 0.75]

Intercept (𝛼) 3.618 (0.011)*** 3.596 3.639
HasBadge (𝛽) 1.386 (0.016)*** 1.354 1.418
BadgeAvail (𝛾) −0.100 (0.016)*** −0.131 −0.070
HasBadge:BadgeAvail (𝛿) 0.169 (0.023)*** 0.124 0.213

Adj. R2 = 0.228
Treatment 𝑛 = 30, 374, Control 𝑛 = 26, 2671

Galaxy brain, log(y=no. issues and PRs opened)

Coef (S.E.) [0.25 0.75]

Intercept (𝛼) 0.322 (0.104)** 0.117 0.527
HasBadge (𝛽) 0.007 (0.399) −0.778 0.792
BadgeAvail (𝛾) 1.166 (0.121)*** 0.929 1.404
HasBadge:BadgeAvail (𝛿) −0.135 (0.436) −0.991 0.721

Adj. R2 = 0.187
Treatment 𝑛 = 46, Control 𝑛 = 375

* 𝑝 < 0.5
** 𝑝 < 0.01.
*** 𝑝 < 0.001.
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feature enabled (Q6, 𝑛 = 54), cited various motivations for doing so.
The primary reason was curiosity (19 respondents), followed by having
observed badges on other developers’ profiles (18 respondents), the
aesthetic appeal (12), as a suggestion by fellow GitHub users (3), and
in recognition of the feature’s utility in conveying valuable information
(2). In the following, we analyze the remaining valid responses.

Question Q7 (𝑛 = 53, see Fig. 5(a)) aimed to assess whether partic-
ipants consider the presence of personal badges an indicator of their
own coding skills in general. Most of the respondents either disagreed
(𝑛 = 8) or disagreed strongly (𝑛 = 24). Then, questions Q8–Q10 (𝑛 = 53)
asked participants to report on the effects that badges can have on
collaboration with other developers. The results are also reported in
Fig. 5. Although the distribution of responses is varied, overall the
figure shows that about half of the respondents feel that badges cannot
be an indicator of others’ ability and that they are not influenced
by badges’ presence during collaboration with others. To deepen our
analysis, we investigated whether more experienced developers have
a different perception of personal badges as indicators of coding skills
and their effect on collaboration. Therefore, we filtered the responses to
questions Q7–Q10 to include only participants reporting above median
scores for the demographic questions (Q1–Q4) addressing development
experience, the number of non-personal open-source software (OSS)
projects maintained and contributed to, and the number of followers.
The proportionally higher number of disagreements in Fig. 5(b) shows
that experienced developers are more skeptical about the potential
usefulness of personal badges in GitHub.

Question Q11 asked the respondents to justify their previous re-

sponses. They were critical of the current implementation of badges. v
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Participant P7 found that ‘‘these badges can be achieved too easily, not
like in Stack Overflow’’, and P2 that there are too few of them (‘‘we all
have almost the same badges’’); others added that they fail to adequately
capture developers’ experience – e.g., ‘‘I have 30+ years of development
experience and almost none is visible through [badges]’’ (P1), ‘‘I have lots
of experience and almost no badges’’ (P8). Furthermore, P5 responded by
asking a provocative question: ‘‘Are developers with these badges better
developers? Vice versa and more critical: Is a developer bad just because
they don’t have some of these badges?’’

Next, we examine how respondents feel about specific badges.
Question Q12 (𝑛 = 41) asked participants to indicate the most relevant
badges. The answers are clustered around two main groups. The first
group contains answers (15) from users who feel that none of these
badges can tell us anything useful about others. The other group of
remaining answers (26) instead believes that the badges give informa-
tion about who unlocks them. Specifically, 6 respondents mentioned
the badge Galaxy Brain (awarded to those who have accepted answers
in project discussions) because it reflects ‘‘how serious [one is] in the
community’’ (P28). A group of 11 participants mentioned the Starstruck
badge (unlocked by receiving project stars) because it gives tangible
‘‘evidence of recognition and interest by the community ’’ (P17). The remain-
ng respondents (9) highlighted the importance of Pair Extraordinaire
awarded to those who coauthor merged pull requests) because the
adge may reflect ‘‘a positive attitude [toward] collaboration with others’’
P19).

Finally, question Q13 (𝑛 = 42) asked participants to indicate any
issing badge, in addition to those available. The suggestions con-
erged on the following ideas for new badges that would display: (i)
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Fig. 5. The extent to which participants find personal badges to be an indicator of coding skills (Q7) and their perceived effects on collaboration (Q8–Q10).
the years of work in a project, (ii) how many repositories you are a
maintainer of, (iii) how many repositories you have contributed to, (iv)
more badges in general, and (v) more badges that are challenging to
unlock.

5.4.2. Community discussions analysis
Overall, we extracted all the Q&A threads related to personal badges

from June (i.e., the launch of the new feature) to December 2022 and
retrieved 312 questions.

Subsequently, we performed a thematic analysis. We divided the en-
tire set of 312 posts into three subsets of approximately 100 elements;
then, the first two authors independently analyzed the first subset.
We identified common and different categories. The differences were
resolved through discussions with the entire team. For the two other
subsets, we followed the same approach, with changes to the coding
schema propagated back to the previous batche(s) if necessary.

Thematic analysis revealed four main themes (see Table 4): Info
requests, Feedback, Improvements, and Other. Next, we describe each
theme and the corresponding codes, exemplifying the most relevant
concepts with excerpts.

The prevalent theme that emerged from our analysis is the request
for information about personal badges — namely, Info requests. This
theme encompasses 122 distinct questions, almost twice as many as
the other two categories. Arguably, the prevalence of questions on this
theme is explained by the choice of GitHub not to disclose explicit
information on personal badges; this choice has led several users to seek
unofficial information on the community forum. Within Info requests,
the most frequent code is How to get a badge, assigned to 79 questions
regarding the requirements needed to earn a specific badge (e.g., ‘‘How
do you get the Galaxy Brain Badge?’’). Similarly, 17 more questions were
coded as How to get badges; these represent requests for help on how to
earn more badges in general (‘‘How to get a new badge on GitHub?’’). The
remaining 26 questions from this theme were coded as General info;
these are generic requests for information about the badges feature,
10 
the most common being the full list of the currently available personal
badges in GitHub (e.g., ‘‘How can I see all available badges in GitHub?
Please Help!!’’).

The next identified major theme is the Improvements category, which
includes 60 questions and two codes. Under Badge(s) proposals, we
collected 22 questions that represent requests for the addition of new
personal badges. For example, three users recommended adding an
additional badge to reward code-review activity (e.g., ‘‘I’ve learned a
lot from code reviewing others’ code and being code reviewed by others’’);
furthermore, three other users proposed the addition of organization-
specific badges (e.g., ‘‘to celebrate the first PR merge of a new employee’’).
Some users even suggested creative names for their new badge ideas,
such as the ‘‘Issue Muncher’’ badge, to keep track of ‘‘how many issues
one has helped close through linked PRs’’, and the ‘‘Bug Hunter’’ badge, to
reward bug reporting. Also, a user suggested that the personal badge
feature be extended to showcase actual professional achievements, such
as the Linux Foundation Certified Kubernetes Administrator and Google
Certification Academy certificates. Finally, a couple of additional ques-
tions with this code asked how to suggest new types of badges, showing
that some users are willing to participate in the definition of future
personal achievements. Regarding the UX suggestion code, we identified
40 threads. In particular, 21 questions concerned a feature request,
the most popular (8 questions) being the possibility to selectively
hide/show the earned badges on user profile pages; other recurring
feature requests are: enabling custom badge ordering in profiles (2),
taking historical data into account when defining badge unlocking rules
(2), and enabling a summary view displaying all possible achieve-
ments (2). Several UX-related questions (11) were posted to criticize
the graphical appearance of badges (e.g., ‘‘These new badges are too
cartoonish’’, ‘‘The designs could be more professional’’) or suggest how to
improve it (e.g., ‘‘Make the old badges look like the new ones’’).

The most significant theme in relation to RQ4 is Feedback, which
includes the codes Positive, Negative (in general), and Negative (specific),
for a total of 53 questions. Although some questions (12) report positive
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Table 4
Results from the thematic analysis of questions.

Category Code Frequency

Info requests (122)
General info 26
How to get badges 17
How to get a badge 79

Feedback (53)
Positive 12
Negative (in general) 25
Negative (badge-specific) 16

Improvements (60) Badge(s) proposal 23
UX suggestion 37

Other (77) Technical issue 42
Miscellaneous 4
Excluded 31

feedback, in the form of short and generic statements of appreciation
for the feature of personal badges, most of the questions collected
within this category were coded as negative feedback, either generic
(25 questions) or feature-specific (16 questions). Regarding generic
negative feedback, several users reported disregarding the new feature,
and 17 out of 25 asked how to opt out. Frequent causes for the negative
feedback were: i) aversion to the gamification of a professional envi-
ronment like GitHub and the ‘‘childish’’ style of badges (11 questions)
– e.g., ‘‘[they] look like Candy Crash Saga. These weird cartoon emoji
are massive, and distract the eye from actual content’’ ; ii) skepticism
about the ability of personal badges to convey developers’ skills (2
questions) – e.g., ‘‘unnecessary gamification that doesn’t help assess the
performance/dedication/talent/achievement of a developer’’ ; iii) concerns
about the potential negative effects of badges on user behaviors (5
questions) – e.g., ‘‘PRs created not for the purpose of making a meaning-
ful contribution, but simply to get another badge checked off their list’’.,
‘‘[achievements] set up terrible incentives for folks to create PRs, not for
the purpose of making a meaningful contribution, but simply to get another
badge checked off their list’’ – and the whole community – e.g., ‘‘[Badges]
risk becoming a driver for ivory tower superiority and community tribalism,
which is something the developer community already struggles with’’, ‘‘I’m
not listening to your feature request because I have badges and you don’t’’.

Regarding badge-specific negative feedback, most complaints re-
lated to the badge YOLO (7 questions), which is perceived by several
developers as a source of shame and an unfair mark to obtain, especially
if earned within single-person projects (e.g., ‘‘I feel having the YOLO
badge does not send the right message, especially to recruiters’’). Another
common criticism (4 questions) concerned the unclear requirements
for unlocking the Pull Shark badge, sometimes perceived as biased
(e.g., ‘‘Pull Shark achievement should work [only] for repositories I don’t
own. [. . . ] we will always merge our own pull requests, but not everyone
will merge our pull requests’’).

Finally, the theme Other gathered 77 questions, mostly coded as
requests of support for a Technical issue (e.g., ‘‘Pull Shark shows the wrong
merged PR number for me’’), and 4 questions coded as Miscellaneous.
In addition, we excluded 31 questions when their content was empty,
deemed off topic, or not in English.

6. Discussion

In this paper, we studied personal achievement badges, a new
gamification feature introduced in GitHub, with unknown effects.

Research questions. We answered four research questions. First
(RQ1), we explored the diffusion of badges among a sample of 6022
GitHub developers as of December 2022 (Table 1) and their evolution
over six months, since their introduction in June 2022 (Fig. 2). We
found that all developers except one own at least one badge and that
the number of those who opted out of displaying badges and chose
to make their profile pages private has been steadily increasing. Then
(RQ ), we investigated whether the ownership of badges is associated
2
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with signaling certain hypothesized developers’ qualities (i.e., skills,
attributes and dispositions). The initial results of our exploratory anal-
ysis (Fig. 3) showed only a large difference for developers owning
the badge Starstruck, gained by those who get their repositories
starred and a signal of increased popularity. Furthermore, regression
analysis (RQ3) showed that the only effect of implementing personal
badges in GitHub has been a large increase in the number of followers of
developers who own the Starstruck badge (Table 3). Finally (RQ4),
the analysis of the survey responses showed several shortcomings in the
current implementation of badges, such as the limited types of badges
currently existing and the lack of those more accurately reflecting
contributions to projects and years of experience. Besides, the analysis
of community discussions about personal badges revealed that GitHub
users are willing to know more about badges and the requirements
set out for earning them; also, part of the community is willing to
participate in the definition of future achievements. However, the
discussions analyzed showed a clear prevalence of negative opinions
on badges, highlighting the skepticism of the community about their
ability to adequately convey developers’ skills and a general concern
about the potential drawbacks of GitHub gamification.

Badges as signals. The results of the user survey confirmed that
GitHub developers do look at profile pages and are aware of the
elements therein—so much so that several even decided to opt out of
displaying badges. As such, these pages have the potential to act as
hubs that make socially translucent signals visible and readily available,
and support awareness of collaborators’ behavior [16]. This result is
consistent with those reported by Shami et al. [20] who used the
signaling theory [17] as a conceptual framework to investigate how
users of online social platforms rely on digital artifacts for people
sensemaking, i.e., use portions of profile pages as proxies used to infer
unknown coworkers’ expertise.

However, the visibility of personal badges is not sufficient to en-
sure their reliability. According to signaling theory, to be reliable,
assessment signals must be both observable and costly to produce. Our
findings suggest that most of the currently available personal badges,
although they reflect the properties possessed, do not send reliable
assessment signals because they may not be costly enough to produce.
The only exception to general unreliability is the Starstruck badge
signaling popularity. One potential explanation for this finding is that
the badge is awarded to a developer as a result of the interest of others
(stars) in their repositories: creating a repository implies an effort
broader in scope, if not harder, as compared to other badges, which re-
quire the developers to take one action (e.g., answer a question, merge
a pull request). This result is somewhat consistent with those reported
by Trockman et al. [29], who found that popularity-related repository
badges are more reliable as assessment signals. One major difference
with their work is that repository badges are chosen—maintainers select
what they intend to signal by adding them to README pages (e.g., the
count of downloads to signal popularity, up-to-date dependencies to
signal security). Conversely, personal badges are a truer gamification
element – they are unlocked and displayed on personal pages – and the
only control developers have over them is to not show them altogether.

Badges as a gamification mechanism. According to Hunter and
Werbach [2], users of a gamified environment go through a jour-
ney, from onboarding to scaffolding and, finally, mastery. Implementing
game mechanisms such as badges to gamify a software development
environment is an iterative and far from trivial undertaking [49].
There have been so far several attempts to propose frameworks for the
gamification of Software Engineering activities [50,51] and methods
to build gamified software [52]. Our analyses suggest that the leveling
process of personal badges in GitHub needs to be adjusted, especially
during the onboarding and mastery stages. On the one hand, some
junior developers among the survey respondents reported that it ‘‘felt
nice’’ to discover the first badge on their profile. However, the easier-to-

achieve onboarding badges (i.e., YOLO and Quickdraw) are obtained



F. Calefato et al.

b
s

̃

p
b
w
r
i
v
n
b
b
i
p
r
t
a
e
p
c
d
d
s
c
r
r
a

t
t
s
d
p
t
m
F
c
e
e

Information and Software Technology 176 (2024) 107561 
through practices that are not to be encouraged in software develop-
ment (i.e., closing issues and PRs quickly or without code review) –
in the community discussions, some users referred to these badges as
‘‘shameful’’ and ‘‘trivial’’. In contrast, more senior developers argued
that they feel that current badges are ‘‘too easily achieved, not like in
Stack Overflow’’ and complained about the lack of badges reflecting
their years of experience and project contributions (‘‘They don’t give the
impression that I’m a professional developer, but that I’m a novice coder
who’s just finished my first project’’.).

Implications for GitHub platform designers. The negative feed-
ack collected from survey responses and discussion analysis highlight
ome criticalities in the current design of personal badges. GitHub

platform designers should consider using the following insights to make
informed decisions about future improvements.

In our study, we found an increasing number of developers (up to
23%) who made their profile page private or opted out of display-

ing personal badges. Although neither the survey nor the discussion
analyzes helped us understand the motivations, a possible explanation
is that GitHub developers are aware that the elements on their profile
page may influence the processes of impression formation [14,21] and
people sensemaking [20]. For example, more and more employers
look at the information gathered from social networking sites during
the hiring process to assess job applicants [53], and their image on
social media has an influence on the chance of being hired [54].
However, previous research found that, although conscious, only few
GitHub developers engaged in efforts to clean up their profile page
because they were deemed too costly [13]. Our findings show that
GitHub developers may have become more aware over time and that the
decision to allow them to easily opt out of displaying personal badges
is a step in the right direction. However, GitHub platform designers
should also consider implementing the ability to selectively hide/show
badges on user profile pages – a feature requested by several survey
participants; this might alleviate the discontent caused by badges like
YOLO and Quickdraw, which mark and publicly expose undesirable
and unprofessional user behaviors.

In terms of usability, platform designers should also consider mak-
ing the progress toward badge achievement more explicit, especially
in the case of debated badge requirements (e.g., those of the Pull
Shark badge), and graphic designers should also revise the appearance
of badges to give them a more professional and consistent ‘look and
feel.’

Furthermore, the current implementation of badges in GitHub ap-
ears underdeveloped. First, as discussed earlier, the current number of
adges and the implementation of the leveling system do not seem to fit
ell with the onboarding and mastery stages typical of a gamified envi-

onment. As such, we suggest platform designers consider adding more:
) onboarding badges, that are appealing to newcomers (e.g., junior de-
elopers) without fostering bad software development practices such as
o or quick code reviews; ii) mastery badges, that reflect long-running,
road-in-scope achievements that are appealing to and feel ‘earned’
y more experienced, senior developers – who have been found to be
ntrinsically less motivated by gamification incentives [55]. Second,
latform designers should consider rolling out more of them all at once
ather than slowly, as some users complained that they ‘‘all have almost
he same badges’’. Sarma et al. [56] developed Visual Resume, a tool that
ggregates activity traces collected from GitHub and SO to aid employ-
rs in the hiring process; they found that managers and other technical
ersonnel prefer cues in aggregated form (e.g., activity summaries) and
ommunity-generated endorsements (e.g., reputation) to inform hiring
ecisions and form impressions. Their findings may provide platform
esigners with useful ideas to implement more reliable personal badges,
uch as having quick access to features indicating whether commits are
entral to the code base and whether they make significant changes
ather than tweak/fix code. Third, platform designers should further
eflect on the unintended side effects of the decision not to provide

ny official documentation regarding badges. Our findings show that
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this decision implies that no clear indication is given of what cues
badges are intended to signal beyond their name and image, with
a possible impact on impression formation and people sensemaking
during collaborative development [14,21]. At the time of writing, two
more badges have been discovered, namely Heart On Your Sleeve
and Open Sourcerer, but the community still has not confirmed
what they mean or how to achieve them.10 ,11

Finally, we urge platform designers to reflect on the potential side
effects that displaying personal badges may have on the hiring process,
as revealed by our analysis of community discussions (‘‘A potential
employer glancing at my profile, perhaps unfamiliar with this [...] feature,
might assume a negative impression of me’’). Although GitHub is designed
as a platform to support collaborative software development, employers
and job seekers also use it as a recruitment tool [57,58]. Marlow
and Dabbish [13] analyzed the signals given off by the activity traces
displayed on GitHub profile pages through the lens of signaling theory.
After interviewing managers and developers who use GitHub as part
of the hiring and job application process, they found that interviewees
valued the insights provided by GitHub accounts as more reliable and
verifiable than a static list of individuals’ skills. In fact, according
to Walther et al. [59], when forming an impression, the information
provided by third parties (i.e., GitHub in this case), is more reliable than
self-reports. However, Marlow and Dabbish found that the reliability
of the activity traces as signals varied and that their use was directly
related to the evaluation cost. In particular, they found that activity
traces send reliable assessment signals when they reflect the (i) history
of activity (e.g., commitment to an open source project over years)
and (ii) networking (e.g., contributing to high-status OSS projects).
However, employers only chose to look at those activity traces that
are easy to verify quickly. Hence, consistently with this evidence and
signaling theory, we suggest that platform designers overhaul personal
badges so that they provide quick access to aggregated traces of activity
history and collaboration in high-status projects, which are costly to
produce for job seekers and, at the same time, affordable for employers
to verify.

7. Limitations

First, in this study, we analyzed the activities of a sample of more
than 6000 GitHub developers retrieved from 51 organizations. Because
GitHub currently hosts a steadily increasing number of OSS projects
that are the result of the contributions of millions of developers,12 we
acknowledge the potential threat to external validity. However, we
emphasize that our study is the first to analyze personal badges; it was
initiated in a timely way as soon as the new feature was released in
June 2022 and completed within six months after its release. As such,
we argue that the novelty and timeliness of this work compensate for
the limited number of sampled developers. Furthermore, we point out
that this is a study that compares the activity and profiles of developers
before and after the introduction of the features of personal badges and
herefore it was possible to conduct it only because we already had
he necessary data collected for the before stage as part of a previous
tudy. In other words, without the already available data on the ̃6k
evelopers – limited or not – this study would simply not have been
ossible. We also point out that the sampled developers contribute
o large and active software-engineered projects that were carefully
ined from GitHub following the recommendations provided in [36].

inally, given the exploratory nature of our study, we argue that the
urrent findings help us to provide an initial understanding of both the
ffects of badges and the developers’ perception of the new gamification
lement introduced in GitHub.

10 https://github.com/drknzz/GitHub-Achievements.
11 https://github.com/github-profile-achievements/english.
12
 https://octoverse.github.com#the-world-of-open-source.

https://github.com/drknzz/GitHub-Achievements
https://github.com/github-profile-achievements/english
https://octoverse.github.com#the-world-of-open-source
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We also acknowledge the somewhat limited number of survey par-
ticipants (54). However, to counteract this limitation and properly
answer RQ4 (gauge community perception of personal badges), we
complemented the survey analysis with the thematic analysis of more
than 300 discussions where GitHub community members shared their
opinions about the new feature.

Another limitation is that in our quantitative analyses (RQ1-3)
we only analyzed the activities of the sampled developers in public
repositories. Developers can choose to also include their activities
in private repositories as contributing to unlocking personal achieve-
ments. However, this is information that is impossible to retrieve
and therefore represents an intrinsic limitation that our study shares
with all works that rely on data retrieved from public repositories
GitHub. For RQ3, although we verify the parallel trends assumption,
there are additional threats to validity that warrant consideration when
applying the difference-in-difference regression analysis to infer causal
relationship. First, selection bias may exist if there are systematic
differences between developers who earn badges and those who do
not. However, this risk is mitigated by our diverse sample of developers
from various organizations. Second, omitted variable bias could occur
due to unaccounted time-varying factors affecting developer behavior.
However, our comprehensive data collection on multiple developer
activities helps minimize this risk. Lastly, the timing of the effects may
not be fully captured in our analysis period. However, our six-month
observation window after the introduction of the badge likely captures
immediate and short-term effects, which are valuable for understanding
the initial impact of this gamification feature. Future studies could
extend this time frame to capture potential long-term effects.

Finally, because GitHub provides no official information on personal
badges and how to unlock them, all the descriptions provided in this
study regarding badges have been inferred by community members and
contributed to public repositories. One potential limitation affecting
correlation and regression analyses is that we hypothesized the cues
that personal badges might send as signals based on the perceptions
reported by survey participants in their responses. Although we con-
sidered only the perceived signals that were reported by two or more
respondents, alternative hypotheses not included in the DiD regression
analysis are still possible. Still, we notice that the potential ‘arbitrari-
ness’ of the cues sent by badges is an intrinsic limitation of the current
implementation of the available personal badges, which lack official
documentation.

8. Conclusions

In this paper, we analyzed the introduction of a new gamification
feature in GitHub, namely personal achievement badges. We studied
the distribution of badges, the signals they send, and the effects of
their introduction. We also collected evidence of the reaction of the
developers’ community to the new feature. We concluded by providing
recommendations to the designers of the GitHub platform on how to
improve personal badges as a gamification mechanism and as reliable
cues of developers’ ability. As the implementation of the feature ap-
pears to be in the initial stage, we will consider furthering this study,
as changes to badges are hopefully introduced in GitHub.
13 
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