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Abstract—Software engineering courses enable practical learn-
ing through assignments requiring contributions to open source
software (OSS), allowing students to experience real-world
projects, collaborate with global communities, and develop skills
and competencies required to succeed in the tech industry.
Learning software engineering through open source contribution
integrates theory with hands-on practice, as students tackle
real challenges in collaborative environments. However, students
often struggle to contribute to OSS projects and do not under-
stand the contribution process. Research has demonstrated that
strategically incorporating game elements can promote student
learning and engagement. This paper proposes and evaluates
OSSDoorway, a tool designed to guide students contributing to
OSS projects. We recruited 29 students and administered a self-
efficacy questionnaire before and after their use of OSSDoorway,
along with qualitative feedback to assess challenges, interface
features, and suggestions for improvement. The results show
that OSSDoorway boosts students’ self-efficacy and provides
a structured, gamified learning experience. Clear instructions,
real-time feedback, and the quest-based system helped students
navigate tasks like using GitHub features to submit pull requests
and collaborating with the community. Our findings suggest that
providing students with a supportive gamified environment that
uses feedback and structured quests can help them navigate the
OSS contribution process.

keywords: open source software, gamification, software
engineering education.

I. INTRODUCTION

Teaching software engineering (SE) is challenging [1], [2].
Traditional SE courses tend to emphasize theoretical method-
ologies and concepts, offering a limited focus on preparing stu-
dents to work with real-world, complex software systems [3],
[4]. To better align education with industry practices, SE
courses should go beyond teaching concepts, methods, and
techniques to include practical skills and attitudes that reflect
the current software development landscape [5]. One approach
that bridges this gap is integrating student participation in
Open Source Software (OSS) projects as part of the SE
curriculum [5], [6]. OSS projects foster collaborative environ-
ments where a community works together to develop software
systems, providing a real-world context for learning.

Supporting students to contribute to OSS projects helps to
prepare the future SE workforce [6], [7], [8]. By contributing
to OSS, students at the beginning of their careers gain practical
experience in both technical and soft skills, enhancing their

confidence when pursuing industry positions [5], [8], [9],
[10]. Successful contributions to OSS projects raise students’
visibility among peers [11], [12] and help secure jobs [13],
[14]. Additionally, OSS contributions serve society beyond
personal and project-level benefits by improving widely-used
software [12], [15], [16].

However, contributing to OSS is not easy, and students
usually feel discouraged by various barriers that hinder their
participation [6], [17], [18], [19], [20], [21], [22], and need
orientation. Gamification is a promising strategy for engaging
students by incorporating game elements into educational
systems to enhance motivation [23]. By leveraging gamifi-
cation, students are more likely to stay committed, enjoy
their contributions, and gain educational benefits [24], [25],
[26]. For instance, Diniz et al. [27] implemented gamification
strategies in GitLab to boost motivation and collaboration
among undergraduate students contributing to OSS projects.
Their findings indicate that game elements like quests and
points help sustain engagement while guiding and motivating
students to participate. In this paper, we designed and evalu-
ated OSSDoorway, a tool to support students’ contributions to
OSS projects by leveraging a gamified environment to scaffold
students’ contributions. We define scaffolding following the
description in [28] as the support provided by a teacher, parent,
peer, or a computer- or paper-based tool, enabling students
to engage in and develop proficiency in a task they would
otherwise be unable to complete independently.The following
research question guided our research:

Research Question
How does OSSDoorway support students in contributing to
OSS projects?

To address this research question, we followed two steps.
In Step 1, OSSDoorway Design and Development, we
conducted requirements elicitation, followed by the tools de-
sign, formative studies, and expert evaluations through an
iterative process. Moving to Step 2, Summative Evaluation,
we analyzed the data of 29 students who took the Open Source
Software Development course and underwent a self-efficacy
assessment before and after using OSSDoorway. We requested
students’ feedback, asking them to identify challenges they



faced during quests, a key gamification element of OSSDoor-
way, point out the features they found most useful, and suggest
improvements for the tool.

This paper makes three primary contributions: (1) OSS-
Doorway, a gamified tool designed to support students in
contributing to OSS projects; (2) an empirical evaluation of
OSSDoorway, demonstrating its impact on enhancing stu-
dents’ self-efficacy and ability to complete OSS-related quests;
and (3) insights into students’ perceptions of the proposed
approach, highlighting the benefits and challenges they expe-
rienced and suggesting areas for improvement.

Our findings indicate that OSSDoorway supports students
in contributing to OSS projects by enhancing their self-
efficacy and offering a structured, gamified learning experi-
ence. OSSDoorway was particularly effective for women, who
initially demonstrated lower levels of self-efficacy than their
men counterparts. After using the tool, the difference in self-
efficacy was no longer statistically significant. The integration
of clear instructions, real-time feedback, and a quest-based
system helped students successfully navigate complex tasks,
such as using GitHub features, submitting pull requests, and
collaborating with the community. These results indicate that
OSSDoorway is a valuable tool for empowering students to
contribute to OSS projects and evidence the effectiveness of
gamification in this context.

II. BACKGROUND AND RELATED WORK

This section outlines the background and related work
involving gamification and its use in SE education.

Gamification. Dichev and Dicheva [23] describe gamifi-
cation as a strategy to enhance student motivation in edu-
cational settings by integrating game elements. Gamification
is increasingly being utilized in education to enhance the
learning process [29], [30]. Its key benefits include simplifying
complex topics [31], [32]. For example, Deterding et al. [29]
propose that gamification simplifies complex material, making
learning more accessible and promoting deeper understanding.
They argue that games can enhance educational experiences by
making them more interactive and effective for students. Toda
et al. [33] proposed a framework for gamification strategies in
educational settings based on a literature review and an eval-
uation with gamification and education experts. The resulting
taxonomy included the description of 21 game elements, which
we used as a baseline for the design of OSSDoorway game
elements.

Gamification for SE education. Gamification has been ef-
fectively applied to SE education, including agile process [34],
software testing [35], [36], [37], design pattern [26], software
project management [38], [39], and business processes [40].
These applications highlight the broad potential of gamifica-
tion to enhance educational experiences in the field. Su [41]
developed a gamified framework to assess the impact of
gamification on teaching SE, finding that gamified methods
increased student motivation and improved academic perfor-
mance. Similarly, Sheth et al. [42] showed that incorporating
gamification into a SE course enhanced student engagement

in areas such as documentation, bug reporting, and testing. In
the context of OSS, gamification strategies have been used to
encourage contributions, such as through the OpenRank net-
work algorithm and a monthly contribution leaderboard [43].
Santos et al. [44] identified software solutions that facilitate
the onboarding of newcomers in software projects. Among
these solutions, some used gamification techniques with new-
comers, fostering engagement and boosting motivation [27],
[45]. Diniz et al. [27] implemented four game elements, i.e.,
quests, points, ranking, and levels in GitLab, and assessed their
ability to motivate students to overcome orientation barriers.
Although their approach shares similarities with this study,
our work differs by conducting a systematic user-centered
design of a more comprehensive gamified environment to
support students’ contributions in GitHub, employing a bot
that interacts with students and updates the environment.

III. METHOD

This section outlines our approach to developing and eval-
uating the OSSDoorway tool. We divided the process into
two steps: (i) OSSDoorway design and development and (ii)
Summative evaluation, as observed in Figure 1.

Step 1 – OSSDoorway design and development. First,
we carried out the requirements elicitation through a survey
to gather student perceptions of game elements to be imple-
mented in OSSDoorway (published elsewhere [46]). Then, we
conducted interviews to further validate our findings and select
the game elements to be implemented. Afterward, we followed
an iterative user-centric design process that involved designing
the tool, conducting formative evaluations, and assessing the
proposed tasks with experts, i.e., instructors with experience
teaching about OSS. In this process, we created and refined
paper prototypes, which evolved into high-fidelity prototypes.
Subsequently, we developed the actual tool. More details in
Section IV.

Step 2 – Summative evaluation. We conducted an eval-
uation with 29 undergraduate students to assess OSSDoor-
way. In the study, students completed three different quests,
each consisting of 3 to 5 different tasks. We administered a
self-efficacy questionnaire before and after the students used
OSSDoorway. The pre- and post-questionnaire responses were
compared using the Wilcoxon signed-rank test [47]. At the end
of the study, participants were asked to describe any difficulties
they encountered while completing tasks, what aspects of the
interface were most helpful, and provide suggestions for im-
proving OSSDoorway. We qualitatively analyzed participants’
responses to the open-ended questions using open coding
procedures [48]. Section V provides additional details about
this process.

IV. OSSDOORWAY DESIGN AND DEVELOPMENT

This section describes the OSSDoorway design and devel-
opment process, including the requirements elicitation, tool
design, formative studies, and expert evaluation.
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Figure 1. Method overview.

A. Requirements elicitation

In previous work [46], we surveyed 115 computer science
students to identify their preferences for various game el-
ements extracted from the taxonomy proposed by Toda et
al. [33]. The survey was designed to provide insights from
a user-centered design perspective before implementing the
tool. In the survey, we tailored the description of the game
elements within the context of the OSS contribution process.

The findings revealed that performance-oriented game el-
ements, such as quests, stats, maps, levels, points, progress
bars, and badges, were favored according to students. These
elements offer valuable feedback on performance and foster
a sense of progression and achievement. We paid particular
attention to how perceptions of game elements varied across
demographic groups, and we found no significant difference.
Further details on this study can be found in [46].

After this preliminary work, we recruited eight computer
science students for observation sessions. Participants in the
observation sessions are designated as OB<X>, where X
represents their assigned participant number. The participants
comprised four undergraduate and four graduate students (3
women and 5 men). With their consent, the sessions were
audio-recorded for note-taking purposes. During the sessions,
we observed how the participants interacted with GitHub while
performing two key tasks: (i) editing the Readme file and
submitting a pull request and (ii) selecting and solving a
non-code contribution task. These tasks were chosen because
they exercise part of the process to contribute to an OSS
project [21].

We employed the think-aloud method [49], where partic-
ipants openly verbalized their decisions and reasoning. This

allowed us to ask follow-up questions during the observation
to clarify their decision-making process, providing valuable
insight into how GitHub facilitates student contributions to
OSS projects. Each session lasted approximately one hour.

During the interviews, we asked participants about the
possibility of using game elements to support and contribute to
a project on GitHub. Overall, the interviewees recommended
including the same game elements identified in the survey
while highlighting additional important elements, such as
streaks. For instance, OB1 mentioned, “I like quests a lot
because they are fun, and I expect the system to have streaks
to keep me engaged”, and OB4 noted, “I would like a streak
feature in the environment to give more points to players who
access the system every day”. OB3 also emphasized, “I like
how a gamified environment breaks complex tasks into simpler
steps through quests”.

Summary of Requirements Elicitation

After the survey and the interviews, we identified the
following features that OSSDoorway needs to provide:
OSSDoorway features:

• Implement game elements that provide
performance-oriented feedback: stats, maps,
levels, points, progress bars, and badges.

• Implement streaks that allow users to earn addi-
tional rewards.

• Implement quests to support students in accom-
plishing the contribution goals.



B. Tool design

OSSDoorway was designed to guide students through a
series of quests, each aligned with specific OSS contribution
goals to ensure students gain practical knowledge and skills in
contributing to OSS projects. We established three contribution
goals based on previous research on the barriers that newcom-
ers face when contributing to OSS projects, with emphasis on
the key stages of the contribution process [21]. Through these
quests, students should be able to (i) understand the GitHub
contribution process, (ii) interact with other project members,
and (iii) make a contribution.

To address goal (i) understand the GitHub contribution
process, we designed Quest 1: Exploring the GitHub World.
This quest familiarizes students with GitHub essential features
by guiding them through the following tasks:

• Task 1 – Explore the issue tracker;
• Task 2 – Explore the pull-request;
• Task 3 – Explore the fork;
• Task 4 – Explore the README file;
• Task 5 – Explore the project contributors;

To address goal (ii) interact with other project members, we
designed Quest 2: Introducing Yourself to the Community,
which focus on guiding students on how to communicate with
project contributors, as described below:

• Task 1 – Choose an issue to work on;
• Task 2 – Assign your user[id] to work on the issue;
• Task 3 – Post a comment in the issue introducing yourself;
• Task 4 – Mention a contributor to help you to solve the issue;

Finally, for the third contribution goal, (iii) make a contri-
bution, we designed Quest 3: Making Your First Contri-
bution. This quest involves students completing a non-code
contribution, as described below:

• Task 1 – Solve the Issue (non-code contribution) and Submit a
Pull Request;

• Task 2 – Post in the issue asking for someone to review it;
• Task 3 – Close the issue;

Through this process, students gain hands-on experience
with the contribution workflow in GitHub. For the first version
of OSSDoorway, we concentrated on non-code contributions
to accommodate users without a technical background and to
focus on the process and environment challenges, which are
common across projects. The literature has shown that non-
code contributions are a great way to join OSS [50]. We plan
to expand OSSDoorway to include code review and refactoring
quests.

Tool description. The students interact with the sandbox
GitHub repository, where they can monitor their progress
through the GitHub README, which serves as the “home”
page, displaying all available tasks and user progress. Stu-
dents develop and test their contributions in isolated sandbox
environments, providing a safe learning space to experiment,
make mistakes, and refine their code without impacting the
original OSS projects. Task completion is guided by quest
instructions provided in GitHub Issues, where the system
facilitates interaction and provides feedback through a bot
implemented to check students’ responses (OSS Bot). The
OSS Bot verifies the student’s actions, updates the sandbox

repository, and records progress in a MongoDB database.
These updates trigger changes that are continuously reflected
on the front page while generating feedback for students and
collecting evaluation data to assess the tool’s effectiveness.
In addition to working within the sandbox environment, the
student can interact with a public OSS repository, contributing
to real-world OSS projects and gaining hands-on experience.
The OSS bot communicates with the user through two GitHub
pages: the main repository page, where the README is
visible, and GitHub Issues, where the quest interactions occur.
OSSDoorway has been developed with a NodeJS [51] backend
that utilizes the Probot [52] framework to create a bot for
GitHub, making the solution more approachable for managing
and automating GitHub tasks. Figure 2 illustrates the key
components of the OSSDoorway tool and their interactions.

 

Figure 2. OSSDoorway Design Overview.

The interface of the OSSDoorway tool enables students
to track their progress, view available quests and tasks, and
interact with game elements such as progress bars, experience
points, levels, badges, and streaks, as shown in Figure 3. In
this figure, the task description for Quest 1 is displayed, where
students are instructed to explore the issue tracker. Finally, the
bot’s feedback is presented, and the student points are awarded
upon successful task completion.

OSSDoorway gamification elements. OSSDoorway imple-
ments eight game elements previously identified in the require-
ment elicitation (Section IV-A). Students can track their Quests
completed while earning Experience points based on task
difficulty. As they accumulate points, they Level up, unlocking
new quests and rewards. Badges are awarded for completing
quests and maintaining Streaks, earned by completing three
tasks in a row. The tool also provides a snapshot of Student
stats, summarizing completed quests, total points, and current
level. At the same time, a Map helps students visualize
their journey, and a Progress bar shows students’ progress.
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Figure 3. The left side (1) displays the OSSDoorway README page, where students can track their progress and view available tasks along with game
elements such as progress bars, experience points, levels, badges, and streaks. The top right side (2) shows the GitHub Issues page with detailed instructions
for Task 1. The bottom right side (3) presents feedback from the OSS Bot after the student successfully completes the task, providing progress updates and
awarding experience points.

Moreover, OSSDoorway includes a correctness check through
the integrated OSS Bot, which assesses whether students have
completed a task and are ready to proceed to the next one.

To make OSSDoorway accessible for users with different
cognitive styles, we employed directives suggested by Burnett
et al. [53]. For example, we emphasized the practical impact
of completing tasks, appealing to purpose-driven users while
providing enjoyment for those motivated by technology. We
considered comprehensive and selective information process-
ing styles, offering detailed instructions for those who prefer
step-by-step guidance while allowing others to explore the
GitHub environment more flexibly. To support users with
lower computer self-efficacy, OSSDoorway provides encour-
aging feedback and achievable tasks. It also addresses risk
aversion by allowing students to experiment with low-stakes
tasks, guided by the OSS Bot, which ensures mistakes can be
corrected. Finally, OSSDoorway supports structured, process-
oriented learning style as well as tinkering, offering a flexible
environment with clear instructions.

C. Formative studies

OSSDoorway prototypes. We created paper prototypes of
OSSDoorway and conducted two evaluation rounds. Partic-
ipants in the prototype sessions are designated as PS<X>,
where X represents their assigned participant number. With

their consent, the sessions were audio-recorded for note-taking
purposes.

During the first round, the group consisted of one under-
graduate student, two graduate students, and one industry
professional, all men. Overall, participants highlighted the
need for clearer instructions to navigate the environment. PS1
emphasized that clear explanations for each game element
were essential for understanding OSSDoorway. PS3 noted
that some quests were unclear and required rewording or
more detailed descriptions to clarify user actions. PS2 found
the navigation confusing and suggested adding visual cues
for better guidance. Based on this feedback, we revised the
prototype by adding instructional guidelines on interacting
with OSSDoorway and improving task descriptions to provide
feedback.

During the second round of tests, the group was com-
posed of four graduate students (one woman and three men).
Participants indicated more satisfaction with the prototype.
They suggested that they would like to see some competition
elements in the environment. Moreover, PS5, PS7, and PS8
indicated that competitive aspects, such as leaderboards or
rewards, could significantly enhance motivation. Specifically,
PS3 and PS7 desired a more competitive system, suggesting
rewards like GitCoins or leaderboards similar to those found in
Duolingo, a popular gamified language-learning app. Further-



more, P08 also suggested real-world rewards as an incentive.
After refining these two paper prototypes, we developed

a high-fidelity prototype, as shown in Figure 4. The paper
prototypes are available in the supplemental material [54].
In the high-fidelity prototype, we incorporated all participant
suggestions, except for the competitive elements, which were
excluded based on survey results indicating that competition
and pressure were viewed less favorably [46].

Figure 4. OSSDoorway Page - High Fidelity Prototype.

D. Expert evaluation
During the development of OSSDoorway, we evaluated the

quests included in OSSDoorway to ensure that they align with
our intended three contribution goals defined previously in
Subsec. IV-A. To assess how well the proposed quests matched
the contribution goals, we interviewed twelve experts with
experience teaching OSS in their computer science curriculum.
Among the 12 participants, all hold doctoral degrees and
have significant experience in SE and OSS development, with
some specializing in Human-Computer Interaction (HCI) and
Artificial Intelligence (AI). Over half of the participants have
more than 20 years of teaching experience. Their experience
with OSS started as early as 2001. Seven out of twelve partic-
ipants are full professors at well-known universities, teaching
courses related to OSS development, software engineering, and
capstone projects.

Overall, the experts’ feedback was highly positive. Several
participants noted that the quests closely mirrored the tasks
they already assign to students in their courses, reinforcing
that the contribution goals are aligned with education goals in
the classroom and that the proposed quests support students in
contributing to OSS projects. Experts also offered suggestions
for improvement, such as reordering the tasks in quest 1 to
place the exploration of the README file first, and including
quests that require technical knowledge. We plan to incorpo-
rate this feedback in a second development cycle, adding more
advanced quests to OSSDoorway.

V. SUMMATIVE EVALUATION

We adopted OSSDoorway over two editions of an OSS de-
velopment course at a US university, each led by a different in-

structor and attended by master’s students. Our study evaluated
how OSSDoorway supports students in contributing to OSS
projects. We administered a self-efficacy questionnaire before
and after the students used the platform, using a 5-point Likert
scale for each question. Additionally, we gathered qualitative
feedback at the end of the study by asking participants to
describe any challenges they faced, the most helpful aspects
of the interface, and their suggestions for improvement.

Pilot. We conducted a pilot study with two researchers to
gather feedback on the field study instruments (questionnaires)
and overall design. We revised the questionnaires based on
the feedback received, including removing certain questions
to reduce the length of the study.

Participants. We applied OSSDoorway in the classroom,
in two different semesters. Out of the 37 students who took
the courses and used the environment, 29 agreed to have the
data analyzed. The students ranged from 20 to 25 years old;
13 were women, and 16 were men. All students were enrolled
in a Master’s degree program in Information Technology or
Computer Science. We asked participants about their experi-
ence with GitHub and OSS. While some mentioned having
used GitHub before, upon further inquiry, it became clear that
their interaction was limited to account creation without actual
project contributions. Therefore, none had prior experience
contributing to OSS and using GitHub.

Data analysis. 1) Likert scale questions: We asked the level
of agreement of participants using Likert scale questions that
run from strongly disagree (encoded as 1) to strongly agree
(encoded as 5), to rate their self-perception about their ability
to contribute to OSS projects. The questionnaire was based on
the work of Bandura [55] and had seven questions. Participants
answered those questions before and after the experiment. The
goal was to capture the students’ self-perceived efficacy. The
questions were prefixed with “I am confident that I can:”
followed by:

(i) . . . use GitHub issue tracker to find open issues;
(ii) . . . understand GitHub pull-requests;

(iii) . . . fork GitHub repositories;
(iv) . . . find someone to help me with an issue using the

GitHub web interface;
(v) . . . open a pull request using GitHub web interface;

(vi) . . . find an issue to work on and assign it to me;
(vii) . . . use GitHub to contribute to projects.

2) Open questions: We used open questions to ask partici-
pants to describe difficulties they encountered while complet-
ing tasks, what aspects of the interface were most helpful,
and to provide suggestions for improving OSSDoorway. We
qualitatively analyzed participants’ comments following open
coding procedures [48]. The process was conducted using
continuous comparison and discussion until reaching a con-
sensus. Two researchers jointly analyzed the sets of answers
to establish common ground, discussing the applied codes
and disagreements until reaching a consensus. Finally, a third
researcher inspected the classification.
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Figure 5. Responses to the 5-point Likert scale questions for the self-efficacy questions. The left side (“Pre”) shows students’ responses to the questions
before using OSSDoorway, while the right side (“Post”) shows their responses after using OSSDoorway. The red dot indicates the median response for each
question.
Question description: I am confident that I can... Q1: use GitHub issue tracker to find open issues; Q2: understand GitHub pull requests; Q3: fork GitHub
repositories; Q4: find help with an issue using the GitHub web interface; Q5: open a pull request using the GitHub web interface; Q6: find an issue to work
on and assign it to myself; Q7: use GitHub to contribute to projects. The left side (Pre) shows students’ responses to the questions before using OSSDoorway,
while the right side (Post) shows their responses after using OSSDoorway.

A. Results

All participants successfully completed all quests within
the study time, with no discernible differences among demo-
graphics. Therefore, we answer RQ: How does OSSDoorway
support students in contributing to OSS projects? by analyzing
(1) the results of the self-efficacy questionnaire, which was
administered before and after the student’s interaction with
OSSDoorway, and (2) the students’ perceptions of using
OSSDoorway.

1) Students’ self-efficacy: Figure 5 presents the results of
the self-efficacy questionnaire that students filled out before
(“pre”) and after (“post”) using OSSDoorway to contribute
to OSS projects. Our findings show increased students’ self-
efficacy after using OSSDoorway, with post-scores consis-
tently higher than pre-scores across all seven survey questions
(Q1 to Q7). This indicates that students felt more confident
in contributing to OSS projects after using OSSDoorway to
complete the tasks. While the degree of improvement varied,
the data suggests that OSSDoorway successfully enhanced
students’ self-efficacy in areas where they initially were less
confident.

We calculated the Wilcoxon signed-rank test, illustrated in
Table I, a frequently used nonparametric test for paired data
(e.g., pre-and post-treatment measurements) [47], and applied
the Bonferroni correction for multiple comparisons. The dif-

ference in improvement (“pre” vs. “post”) using OSSDoorway
is significant for four out of the seven tasks, which saw an
increase in both mean and median scores, with all p-values
below 0.05. The most substantial improvements were observed
in tasks like finding help with issues (Q4) and assigning
issues (Q6), which had the lowest pre-assessment scores
and the most significant changes (p-values 0.024 and 0.003,
respectively). These results suggest that OSSDoorway boosts
students’ confidence in navigating GitHub and contributing to
OSS projects.

Segmented analysis. We analyzed the data by segmenting
it to compare men and women and applied the Mann-Whitney
U test, a widely used nonparametric test for independent
samples [56]. We compared them in both the pre-and post-
self-efficacy assessments (i.e., comparing men pre vs. women
pre and men post vs. women post). The results revealed a
statistically significant difference in the pre-test (p-value =
0.003), indicating that men had a higher self-efficacy before
using OSSDoorway (mean = 4.09) compared to women (3.69).
This result is consistent with the literature [53], which found
that women tend to have lower self-efficacy than men in
their peer group. In the post-test, there was no significant
difference between men and women (p-value = 0.914), with
both groups achieving a median score of 5 and similar means
(men: 4.5, women: 4.3). These findings suggest that while men



Table I
STATISTICALLY SIGNIFICANT DIFFERENCES (p < 0.05) IN SELF-EFFICACY

BETWEEN PRE- AND POST-ASSESSMENT.

OSSDoorway
Pre

Self-efficacy
Post

Self-efficacy
mean median mean median p-value∗

Q1...use GitHub issue
tracker to find open issues 3.9 4 4.4 5 0.085

Q2...understand
GitHub pull-requests 4 4 4.4 5 0.036

Q3. . . fork GitHub
repositories 3.8 4 4.4 5 0.045

Q4. . . find someone to help
me with an issue using the
GitHub web interface

3.9 4 4.4 5 0.024

Q5...open a pull request
using GitHub web interface 3.9 4 4.4 5 0.073

Q6...find an issue to work
on and assign it to me 3.6 4 4.4 5 0.003

Q7...use GitHub to
contribute to projects 4 4 4.5 5 0.080

∗p-value after applying the Bonferroni correction.

initially exhibited higher self-efficacy, the use of OSSDoorway
contributed to leveling self-efficacy for men and women.

2) Students’ perception about OSSDoorway: As men-
tioned, we adopted open coding in our qualitative analysis
to identify recurring themes across students’ responses.

Difficulties using OSSDoorway. We asked participants
to share the most difficult aspects they encountered while
using OSSDoorway. Feedback revealed that many students
faced challenges to solve an issue during Quest 3, which
requires the student to solve an issue and submit a pull
request. For example, P1 noted that “solving the issue and
submitting a pull request was a bit hard”, while P9 shared
that “The most difficult is the implementation of pull request
and committing the code to the main as it is my first time
to learn and implement such thing.” Some participants also
mentioned difficulties with navigation and task clarity. Overall,
while some students found the process manageable with clear
instructions—P25 remarked that “The process was really easy.
I didn’t find anything difficult. The instructions were very
detailed which helped me complete the quest on time.”—others
encountered specific challenges, particularly related to Quest
3 and navigating GitHub features.

Tool support. Our results highlight what students found
helpful while using the OSSDoorway environment that sup-
ported them through task completion. One indicated feature
was the README file in the OSSDoorway that shows to the
user the game elements to help them track their progress,
which participants frequently mentioned as crucial for their
success. For example, P1 stated that “accessing information
through the README file was very helpful”. The quest system
and its process-oriented design also played a significant role in
facilitating the learning experience. P25 noted that the quests
helped them “All the elements were easy to locate. The quest
was interactive and was well defined”, making the process
easier to navigate. Similarly, P10 highlighted that the quests’
structure provided a clear and logical progression, helping
them track their progress effectively. Highlighted instructions
within the tasks were also indicated as useful, P26 elaborated:

“I think the step-by-step instructions were very helpful”, en-
suring clarity and reducing confusion during task execution.
Students also indicated that the OSS Bot offered real-time
feedback and support. As P9 mentioned, “Using of Chatbot
to see if we have done the changes or not is the most helped
part in the whole process for me.”. At the same time, P11
emphasized “Chat bot helped me a lot to confirm whether my
answer is correct or not and description of each question of
quest and directions in the question helped me to complete the
assignment”.

Feedback to improve OSSDoorway. The theme improve
quests description emerged in students feedback. P13 high-
lighted this with the remark: “Even though the instructions
were clear, it was a little difficult for a newbie to explore
everything on his own.” This suggests that, while the instruc-
tions were adequate, a more detailed guide may be needed to
better support students’ needs. Overall, we received positive
feedback, such as P2’s comment: “I think the process is as
simple as it can be and I can’t think of anything to specifically
change to improve the process”, and P25’s observation: “The
quest can increase their level and add more interesting topics.
It was really fun to learn about GitHub through this quest.
I personally liked it.” These responses indicate that students
found the experience using OSSDoorway enjoyable.

Research Question
How does OSSDoorway support students in contributing to
OSS projects?

Answer: All students accomplished the tasks, and OSS-
Doorway significantly improved students’ self-efficacy in
contributing to OSS projects. Even though men had a higher
self-efficacy than women before using OSSDoorway, this
difference disappeared afterward. According to the students,
OSSDoorway provides clear instructions, real-time feed-
back, and a structured quest-based learning environment.

VI. DISCUSSION

This section highlights the insights gained from our research
findings and explores potential opportunities for further inves-
tigation.

Guiding Students with Quests. Our study found that using
OSSDoorway’s structured, sequential tasks helped mitigate
navigation and task clarity challenges. This aligns with previ-
ous research, which shows that step-by-step guidance, such
as that provided by quests and points, can reduce barriers
for newcomers in OSS environments [27]. Our participants
also highlighted the value of quests in effectively tracking
their progress and guiding their navigation through the OSS
contribution process. Moreover, similar to the findings from
Diniz et al. [27], quests can effectively orient students toward
their first contribution, keeping them engaged throughout their
journey.

Gamification in OSS education. Applying game elements
to OSS contributions can support contribution. Even though
gamification can also help newcomers overcome barriers [17],



especially those related to process and environment, other bar-
riers can still impact student participation, such as toxic culture
and exclusionary practices, as highlighted by Trinkenreich et
al. [20]. While gamification can enhance engagement, it must
complement broader efforts to address systemic issues in OSS
communities. Future research should explore how gamification
can help mitigate these barriers.

Motivations to contribute to OSS projects. Previous
research has explored the motivations behind developers’
contributions to OSS [57], [58], [59], [60]. Developers are
extrinsically motivated when they seek external rewards, such
as career advancement or financial compensation [61]. These
external motivators can become internalized, leading devel-
opers to perceive them as self-regulated behaviors driven
by factors like reputation, reciprocity, learning, and personal
use [59], [62]. Intrinsic motivations, by contrast, arise from
acting for its inherent satisfaction, such as ideology, altruism,
or fun [59], [63]. Gerosa et al. [60] found that intrinsic and
internalized extrinsic motivations largely drive contributors,
while other studies suggest extrinsic rewards, like potential
monetary gain, also play a role [64]. Past work has also
investigated students’ motivation to contribute to OSS [7].
Future research should explore how to motivate students to
contribute to OSS projects by aligning gamification with these
motivational drivers.

Students’ self-efficacy improvement. Previous work [18],
[19] has demonstrated that the information architecture of
OSS project pages (e.g., project descriptions and issue tracker
details) typically appeals to individuals with high self-efficacy,
driven by motivations like intellectual stimulation, competi-
tion, and learning technology for enjoyment. Our findings
indicate that using OSSDoorway significantly enhanced stu-
dents’ self-efficacy in completing tasks related to contributing
to OSS projects. These results align with previous studies that
demonstrated how redesigning GitHub through a web browser
plugin also increased students’ self-efficacy [65]. Future re-
search could explore additional strategies to boost students’
confidence, such as refining gamified elements or integrating
personalized feedback mechanisms to better support learners
in the OSS contribution process.

VII. IMPLICATIONS

In this section, we outline the implications of our study.
Implications for students. For students, especially those with
lower self-efficacy, OSSDoorway’s structured environment
significantly increases self-efficacy in contributing to OSS
projects. The results show that quests and real-time feedback
help reduce the fear of making mistakes and provide a clear
path to contribute to OSS projects. Students can benefit from
these features by following guided steps to learn concepts
in OSS tools, such as issue tracking and pull requests. Our
findings emphasize the need to provide students with an en-
vironment that offers support through feedback and structured
questions, which can alleviate common frustrations and help
students build the skills necessary to contribute effectively.

Implications for educators. Incorporating OSS contribu-
tions into the computer science curriculum offers valuable
real-world experience to students. Still, educators should
recognize that some students—particularly those with lower
self-efficacy—may struggle more when using platforms like
GitHub. Educators could introduce tools like OSSDoorway to
provide a more scaffolded learning experience, offering clear,
step-by-step tasks and real-time feedback to ease students into
OSS contributions.

Implications for social coding platforms. Our findings
indicate that structured guidance, such as quests and real-
time feedback, benefits students, increasing their self-efficacy.
Social coding platforms like GitHub could incorporate similar
features to support new users.

Implications for maintainers of OSS projects. Projects
could benefit from student contributions, especially those who
struggle to attract external contributors. Including contextu-
alized quests or guided tutorials could also help lower the
entry barriers for students. Additionally, maintainers should
consider providing real-time feedback with automated bots,
similar to OSSDoorway, to guide new contributors through
their first contributions.

Implications for researchers. Our study adds to the current
literature on gamification in OSS by exploring its impact
on self-efficacy and supporting students in contributing to
OSS projects. Future research should further investigate how
specific game elements, like quests and feedback systems,
affect different students’ learning styles and motivations. Addi-
tionally, understanding the long-term effects of using gamified
tools like OSSDoorway on student retention and performance
in real-world OSS projects would be valuable.

VIII. LIMITATIONS

Even though we developed OSSDoorway based on the
outcomes of each step in our research method and con-
ceptualized this environment using surveys, and interviews,
the requirements elicitation process may not fully cover all
the nuances of contributing to OSS projects, particularly in
capturing various contribution types and strategies. To address
this, we evaluated the tasks implemented in OSSDoorway with
experts. Nevertheless, while OSSDoorway aims to support
students in the initial steps of the contribution process, such
as requiring students to make non-code contributions, it does
not encompass the full range of contribution methods or delve
deeply into technical specifics. Our focus was primarily on the
contribution process and the tools rather than the technical de-
tails of coding or development. Future studies can explore how
OSSDoorway can support non-technical contributors (e.g.,
writers) in engaging with OSS projects.

While OSS promotes teamwork, gamification can some-
times prioritize competition and personal milestones, poten-
tially overlooking the social and OSS cooperative aspects. In
this version of OSSDoorway, we chose not to incorporate
competitive elements to ensure the primary focus remained
on learning and skill development. However, future studies



could explore how gamified approaches might better integrate
collaborative and competitive mechanics.

Concerning the generalizability of our study, our results can
be partially influenced by the specific sample of participants.
OSSDoorway may yield different outcomes if used by students
with varying skill levels in OSS tools. Additionally, our study
is limited to the use of GitHub. We cannot assume that
the benefits observed with OSSDoorway will be as effective
in real-world OSS projects as they were identified in the
controlled sandbox environment of OSSDoorway. Future work
can investigate how students transfer the acquired knowledge
to real project settings.

Regarding the reliability of the study’s conclusions, we em-
ployed nonparametric statistical tests with minimal statistical
assumptions and Bonferroni correction for multiple compar-
isons. For the qualitative analysis, we acknowledge the poten-
tial for bias in data interpretation. To mitigate subjectivity, the
team engaged in continuous comparative analysis and reached
conclusions through a process of negotiated agreement. Each
team member has extensive experience in qualitative methods
and OSS.

IX. CONCLUSION

In this study, we presented OSSDoorway, a gamified envi-
ronment designed to support students in contributing to OSS
projects, and evaluated it with 29 graduate students. Our study
demonstrates that OSSDoorway effectively supports students
in contributing to OSS projects by significantly improving
their self-efficacy and providing a structured, gamified learning
environment. The combination of game elements, real-time
feedback from the OSS Bot, and the quest-based system
helped students navigate complex tasks such as understanding
GitHub features, submitting pull requests, and collaborating
within a community. Our findings suggest that OSSDoorway
can be a valuable tool for supporting students in contributing
to OSS projects. Future work will focus on refining and ex-
panding OSSDoorway to include more advanced contributions,
such as code review and refactoring. Additionally, we plan
to conduct an empirical study to evaluate the OSSDoorway’s
impact, considering students’ different cognitive styles.

X. DATA AVAILABILITY

The replication package, with the research instruments and
scripts, is available for public access [54].
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