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Abstract. Software developers seeking to contribute to open source
software communities face barriers that hinder onboarding, including
navigating unfamiliar contribution workflows and issue-tracking conven-
tions and obtaining timely and actionable guidance during their first
interactions with a project. Although platforms like GitHub Classroom
have addressed assignment distribution infrastructure, they fall short
in providing interactive, context-sensitive support within the developer
workflow itself. In this paper, we present the development and evaluation
of the OSS-Doorway GitHub bot, which monitors student interactions,
triggers automated LLM-based validation, and delivers instant feedback
directly within GitHub issues and pull requests. OSS-Doorway structures
learning through a gamified quest progression system, in which students
unlock sequential challenges, earn experience points, and track advance-
ment through a leaderboard. We deployed OSS-Doorway in a mixed un-
dergraduate and graduate open source software development course and
evaluated it in a post-course survey (N = 21). Students reported that
the quest-based workflow was generally more engaging than traditional
assignments and useful for reinforcing lecture concepts, and they appre-
ciated the immediacy of automated feedback. At the same time, overall
recommendation was only moderate, with most respondents classified as
passives, and students identified the validator’s reliability and feedback
specificity as recurring frustrations. Taken together, our findings suggest
that OSS-Doorway is a promising but not yet fully polished onboarding
tool and point to concrete directions for improving this type of bot.
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Feedback - Gamification - Large Language Models - OSS Onboarding

1 Introduction

The importance of Open Source Software (OSS) and its accompanying collabo-
rative communities in our current technological ecosystem cannot be overstated.
Foundational technologies like Linux underpin much of modern computing by
providing the stable, secure base layer many organizations rely on. Computer
systems are backed by a massive ecosystem of open libraries available in reposi-
tories such as GitHub, which has served as the go-to platform for collaborative
software development. Because of this, many courses now rely on GitHub-based
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workflows to expose students to version control, pull-request based code review,
issue tracking, and collaborative development conventions [11, 14]. Despite these
efforts, students struggle to navigate GitHub effectively in educational settings
[11].

Newcomers to OSS often struggle with contribution-process hurdles such as
locating relevant documentation, understanding repository structure, and fol-
lowing project conventions, and tools such as FLOSScoach were designed to re-
duce these entry barriers [31]. Empirical evidence highlights barriers during first
contributions that involve communication and interaction with the community,
including challenges in getting timely, helpful responses [30]. These challenges
manifest as frustration, shallow engagement, and limited skill transfer [31], often
leading newcomers to give up on contributing to OSS projects.

To address these challenges, we introduce OSS-Doorway, a gamified system
that structures OSS coursework as a sequence of progressive quests and tasks
delivered entirely through GitHub. In our system, GitHub issues are transformed
into tasks within quests, where students interact with coursework that pertains
to GitHub workflows, including creating documentation, running GitHub Ac-
tions, validating pull requests, and making code reviews. Tasks are embedded
in a broader quest structure that supports incremental onboarding and pac-
ing. Alongside this, an integrated automated validator provides iterative, timely
feedback on student submissions, enabling iterative refinement, personalized sup-
port, and reducing reliance on delayed grading, which prior work suggests is less
effective [19].

OSS-Doorway is built on four principles. First, the system aims to minimize
context switching by keeping students within GitHub for task discovery, sub-
mission, and feedback. Second, it aims to provide timely formative feedback to
support learning during task completion rather than after submission deadlines.
Third, the system supports progressive onboarding by organizing coursework
into manageable, dependency-aware tasks that reflect real-world software engi-
neering workflows. Finally, OSS-Doorway enables instructors to author, review,
and deploy coursework safely through a draft-to-publish pipeline, supporting
iterative course design without exposing students to incomplete content.

We deployed OSS-Doorway in a mixed undergraduate/graduate open source
course and conducted an empirical evaluation using a post-course survey. Stu-
dents generally reported that the quest-based workflow was more engaging than
traditional assignments and helpful for reinforcing lecture concepts, improving
familiarity with GitHub, and clarifying how to interact with instructors and
teaching assistants through GitHub. However, overall recommendation was only
moderate (NPS = +4.8, with most respondents classified as passives), and stu-
dents identified clear pain points around validator reliability and onboarding
clarity. Our results provide tentative support for the idea that gamified task
structuring can support learning and onboarding in software engineering educa-
tion, while highlighting concrete limitations that future work needs to address.

This paper makes the following contributions:
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— We present the design and implementation of OSS-Doorway, an end-to-end
quest system for coursework that facilitates mechanisms for task sequencing,
progression gating, automated validation, and formative feedback through
GitHub.

— We report empirical findings from a classroom deployment, identifying strengths

in engagement and onboarding as well as limitations in automated feedback
clarity and artifact support.

— We discuss design insights and takeaways for feedback mechanisms in gam-
ified GitHub-based software engineering education.

2 Background and Related Work

Our system sits at the intersection of two challenges in OSS-centered education:
(i) newcomers often struggle to navigate workflows and identify next steps in
repositories, and (ii) feedback needs to be timely and actionable during task com-
pletion. We therefore review work on onboarding and scaffolding in OSS/GitHub
contexts, approaches that use gamified or task-based structures to sustain en-
gagement, automated assessment techniques for rapid formative feedback, and
recent findings on how learners use LLM tools when instructions or feedback are
difficult to interpret.

2.1 Onboarding and Newcomer Support in OSS and GitHub
Workflows

To sustain OSS projects and to enable effective learning in software engineering
education, onboarding new contributors is critical. Despite the importance of
attracting and retaining newcomers, they often face steep learning curves due to
technical and socio-cultural barriers [25]. A systematic review by Steinmacher
et al. [32] organized 15 onboarding barriers into five broad categories: social
interaction issues, gaps in newcomers’ prior knowledge, difficulty finding a way
to start, documentation problems, and code-related hurdles. Across the surveyed
studies, barriers related to social interaction and responsiveness suggest that
social dynamics are central to whether newcomers persist beyond their first
attempts [32]. Balali et al. [2] also found that 66

In addition to human mentors, OSS projects increasingly rely on workflow
and tooling support that reduces the friction of making a first contribution. A
widely adopted practice is to label curated beginner-friendly tasks, such as good
first issue,” so newcomers can identify a feasible starting point. However, empiri-
cal work shows that these labels are not automatically sufficient: He et al. found
that many good first issues” still include inadequate information for onboarding
and proposed a recommendation approach that ranks issues by newcomer suit-
ability rather than relying on labels alone [38]. Building on this direction, He et
al. introduced GFI-Bot, an automated recommender that suggests personalized
good-first-issues to newcomers on GitHub [13].
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Automated validation and feedback embedded into contribution workflows
serve as a second pillar of tooling support. In practice, pull-request based de-
velopment is frequently paired with automated checks that provide immediate,
objective signals about correctness and conformance, reducing repetitive main-
tainer effort and giving newcomers faster iteration cycles. The literature also
emphasizes that immediate, automated feedback can shape how learners iter-
ate and engage with tasks [19], and systematic reviews show that automated
feedback generation is most dependable when paired with clear criteria and
structured checks [16]. Complementing workflow-level automation, onboarding-
specific tools can also reduce entry barriers. For example, Steinmacher et al.
designed FLOSScoach, a portal that consolidates project knowledge and step-
by-step contribution guidance, helping newcomers orient themselves and follow
project conventions [31]. Alongside tools, practitioner-oriented guidance has also
emerged to operationalize onboarding best practices through clear processes, dis-
coverable tasks, and responsive communication norms [27].

2.2 Gamification in SE Education

Gamification, the use of game design elements in non-game contexts, typically to
influence motivation, engagement, and persistence, has been the subject of study
[7]. In educational settings, the core claim is not that points or badges “cause
learning,” or necessarily the primary factor or driver of learning, but that appro-
priately chosen mechanics can structure participation, reward progress, increase
attendance, boost user retention and interest, and sustain effort on difficult tasks
[8]. Across higher-education contexts, evidence is mixed, but studies report gains
in engagement and perceived learning when game elements are integrated to
support course goals (e.g., structured progression via missions/quests/levels and
timely feedback), rather than added as standalone superficial reward layers (e.g.,
points/badges/leaderboards) [34].

To design gamified educational systems, several works propose taxonomies
and frameworks that enumerate reusable elements (levels, quests, leaderboards,
badges, and challenges) and describe how they map to learning or motivational
outcomes [8]. This line of work is especially relevant in software engineering edu-
cation, where multi-step skills (tooling, collaboration, testing, and process) often
benefit from staged practice and clear intermediate milestones. Gamification has
been applied to domains such as documentation, bug reporting, testing, and pro-
cess adherence, often with the goal of increasing participation and consistency
in behaviors that students otherwise avoid [26]. More recent work continues to
explore gamified structures to encourage repeated practice, deliberate feedback
cycles, and sustained engagement in technically authentic environments (includ-
ing tool-mediated settings) [33].

For OSS-Doorway, the most relevant takeaway is that “gamification” is not
a single mechanism or an “all-purpose” solution. When students rate badges
or points as unimportant, this does not imply that the underlying design failed;
rather, it indicates that the structural mechanics (quests, progression, task chunk-
ing, visibility of next steps) are doing the motivational work, while these surface-
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level rewards contribute marginally [8,35]. This interpretation aligns with sys-
tems in which the primary drivers of engagement are clarity, pacing, learning,
and feedback rather than competition or extrinsic rewards [34]. Accordingly,
0OSS-Doorway’s quest structure can be understood as “gamified scaffolding,” in
which the central function is to operationalize progression and reduce ambigu-
ity. The related literature suggests that this framing is appropriate as long as
the mechanics support mastery-oriented behaviors, such as iteration, the use of
feedback, and incremental completion of authentic tasks [35, 26].

2.3 Automated Assessment and Formative Feedback in
Programming Education

Automated assessment has become core infrastructure in university program-
ming education because it scales grading and enables rapid, iterative practice.
Surveys of automatic assessment systems document a wide range of approaches,
including unit-test-based grading, dynamic analysis, and specialized checkers,
and highlight that the main educational advantage is providing feedback quickly
and consistently across large cohorts [1,15]. In this setting, feedback is not only
summative, but formative, supporting iteration and debugging while students
work toward a correct solution.

A consistent theme in the literature is that effectiveness depends on timing,
specificity, and alignment with learning goals. Broad syntheses describe forma-
tive feedback as most useful when it clarifies target performance, indicates cur-
rent progress, and provides actionable next steps [12]. Complementary reviews
emphasize that feedback should reduce uncertainty about what to do next with-
out replacing the learner’s reasoning, since overly directive feedback can reduce
productive struggle or encourage shallow trial-and-error behaviors [28].

Recent empirical work in programming courses has shown that these design
choices affect observable student behavior. Leinonen et al. compare immediate
feedback to delayed regimes and show that feedback timing can shape students’
submission patterns and engagement during problem-solving [19]. At the same
time, systematic reviews show that high-quality automated feedback is chal-
lenging, especially when moving beyond binary correctness toward hints, ex-
planations, or strategy-level guidance [16]. As a result, many systems rely on
structured, machine-checkable criteria, such as test suites, static checks, and
rubric-like validators, because they are more dependable and transparent to stu-
dents.

Overall, the literature suggests a pragmatic design principle: combine deter-
ministic, criteria-based validation (tests, linters, structured checks) with timely
and actionable feedback, and shape the submission loop so that iteration remains
learning-oriented rather than purely exploitative [1,15,28,18|. This framing is
directly relevant to GitHub-centered workflows, where automated checks (CI,
linters, and validators) can serve as formative feedback channels, and where pol-
icy knobs (attempt limits, required evidence, or staged milestones) can encourage
productive revision behavior.
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2.4 LLMs for Learning Support and Feedback

LLMs introduce an interactive, personalized layer of support for students by
enabling natural-language explanations, hinting, feedback generation, error di-
agnosis, clarification, and step-by-step guidance at scale. Recent studies evalu-
ate GPT-like models for generating feedback and hints on programming tasks
and measure how this support affects student outcomes across attempts [20, 29].
This shows that LLMs can provide immediate, on-demand guidance (e.g., ex-
planations or debugging-oriented hints), but that the quality of this guidance is
variable [29].

Empirical studies also surface clear limitations. In Pankiewicz and Baker’s
controlled experiment, students benefited from GPT-provided feedback, but
when it was later disabled, they struggled with more complex tasks, suggesting
a short-term over-reliance on the model’s guidance [20]. Complementing this,
Silva and Costa’s evaluation of four LLMs on a benchmark of student program-
ming solutions shows that a substantial portion of generated feedback is imper-
fect: while 63% of hints were accurate and complete, 37% contained issues such
as incorrect line identification, flawed explanations, or hallucinated problems
[29]. All of these indicate that LLM feedback can be helpful, but its reliability
varies and its availability can shape how students engage with other feedback
channels, which is important to consider when designing automated validation
and feedback workflows [20,29]. For OSS contexts specifically, a key challenge
is evaluating conversational agents on realistic, project-specific newcomer ques-
tions rather than synthetic prompts. To enable more realistic evaluation of con-
versational agents for newcomer support in OSS, recent work has also curated
datasets of real newcomer questions drawn from project discussions, motivated
by the maintainer burden of repeatedly answering similar questions [10].

A qualitative evaluation of Copilot suggests it can change programming work-
flows by enabling fast, iterative suggestion cycling, requiring users to phrase
revision requests precisely, and pushing them to selectively accept or combine
suggestions [37]. In educational settings, this can be beneficial if it encourages
exploration and refinement, but harmful if it replaces reasoning or obscures
assessment criteria. Therefore, designing LLM-based feedback requires careful
alignment with learning objectives and transparent expectations.

3 System Design

0OSS-Doorway is a GitHub-based coursework system that uses a bot to deliver
quests (multi-step learning modules) through GitHub repositories and issues,
with automated validation and feedback. The system keeps students within
GitHub to reduce context switching, provides structured onboarding to OSS
workflows, and gives instructors a configurable pipeline for authoring and de-
ploying learning content.
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Fig. 1. OSS-Doorway interaction during a code review task. Panel (1) shows a GitHub pull request
in which the bot presents the task requirements and asks the student to identify functional issues
in the code. Panel (2) shows the bot’s follow-up feedback after the student’s response, including
confirmation of the fixes, formative feedback on the review quality, completion of the task, and
guidance toward the next task.

3.1 System Overview and Workflow

OSS-Doorway embeds course activities within a quest-to-task progression im-
plemented via GitHub issues. Each task includes a prompt, an acceptance con-
dition, and a validation strategy (repository metadata checks, multiple-choice
questions, pull-request validation, code-review evidence, or artifact/link submis-
sion checks). After validation, the system provides immediate feedback and un-
locks subsequent tasks based on prerequisites. OSS-Doorway structures course-
work using quests (themed learning units) containing tasks (atomic work units).
Progression is enforced at both levels, with successful validation unlocking sub-
sequent content.

The system supports three roles: students, instructors, and the system (bot
and validator services). A typical student workflow follows: (1) task discovery
through repository structure, (2) submission via issue comments, (3) automated
validation using deterministic checks or Al-powered text validation, (4) feedback
posted to issue threads enabling iterative resubmission, and (5) progression un-
locking subsequent tasks upon success. Instructors author content through the
Quest Builder, with draft and production configurations separated to enable safe
testing during active courses.

3.2 Core Components

The Quest Builder is a React-based web application for quest authoring and
configuration management. The backend is a Node.js/Express REST API pro-
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viding configuration storage, deployment orchestration, analytics, and repository
management.

GitHub serves as the primary interaction surface. Tasks are represented as
GitHub issue threads, with validation triggered by comment events, repository
events, scheduled checks, or pull-request activity. The system integrates through
repository provisioning, issue-based task delivery, comment-based submission,
webhook-triggered validation, and automated progression updates.

The validator service supports both deterministic validation (exact matching
for multiple-choice tasks, API-backed checks for repository metadata) and text
validation using an LLM prompted for educational assessment. During valida-
tion, the assistant serves as a “compassionate educational assessment AI” that
accepts answers that demonstrate understanding, even with minor formatting is-
sues or alternative wording, and provides supportive feedback rather than simply
rejecting incorrect answers.

4 Study Design

We evaluated OSS-Doorway using a post-deployment survey designed to cap-
ture students’ perceptions of (i) readiness to contribute to open source software
communities, (ii) self-efficacy for GitHub workflows, (iii) task scaffolding, tool
acceptance, and overall satisfaction with the system, (iv) quality and usefulness
of the built-in validator’s feedback, (v) engagement and enjoyment while com-
pleting quests, and (vi) perceived value of the quest experience and intention to
contribute to OSS beyond the course.

4.1 Context and Procedure

OSS-Doorway was deployed as part of a mixed undergraduate/graduate course
with 30 enrolled students (22 undergraduate and 8 graduate). The instructor
designed seven quests (Q1-Q7) spanning Git and GitHub fundamentals, includ-
ing pull requests/code reviews, and GitHub Actions. A total of N = 21 students
completed the post-course survey (a 70% completion rate, 21/30), which forms
the primary data source for the results reported in this paper.

4.2 Measures

The survey measured multiple constructs. Motivation and internalization were
assessed using questions grounded in self-determination theory [6] and cogni-
tive evaluation theory [24], covering interest/enjoyment, perceived competence,
and value/usefulness. Because OSS-Doorway was a required assignment, we ex-
cluded autonomy /choice items from the theory and focused on internalization.
We assessed GitHub self-efficacy (confidence in performing core actions) and OSS
readiness using Legitimate Peripheral Participation (LPP)-oriented items (e.g.,
understanding OSS workflows, finding suitable issues, social norms, and abil-
ity to explain a first contribution) [17]. We also measured tool acceptance via
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Fig. 2. Examples of OSS-Doorway activities and progress tracking. Panel (1) shows an iterative pull-
request review in which the bot identifies issues, provides revision guidance, and approves the pull
request after the requested changes are made. Panel (2) shows the Quest Progress dashboard, sum-
marizing the student’s current quest, overall progress, rank, streaks, points, completed quests, and
badges. Panel (3) shows an automated task-verification workflow in GitHub, including task instruc-
tions, the student’s command-line actions, completion confirmation, points awarded, and directions
for the next task.
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TAM/UTAUT-style questions [5, 36], and overall recommendation with an NPS-
style item [21]. Engagement and enjoyment were assessed using Likert questions
on progress motivation, gamification engagement, and enjoyment of completing
quests. Perceived value and intent to contribute were assessed using items on
the usefulness of the quests for learning OSS contribution, increased likelihood
of contributing, and intention to contribute outside the course. Task scaffolding
items assessed the clarity and actionability of guidance (including navigation via
the README structure), and validator-focused items assessed whether feedback
and hints supported revision, identified mistakes, and provided actionable next
steps, along with a global quality rating and open-ended feedback. Finally, we
collected open-ended reflections (most/least helpful, frustrations, and sugges-
tions) and demographics, including course level, professional experience, prior
GitHub/OSS experience, and gender.

4.3 Analysis Approach

We analyze Likert-style responses using descriptive statistics and report construct-
level composite scores. For multi-item constructs, we compute subscale means
by averaging items within each subscale and report internal consistency using
Cronbach’s « [4].

Open-ended responses are analyzed using an inductive thematic analysis [3].
We report themes with representative excerpts and triangulate qualitative find-
ings with the quantitative constructs (e.g., linking validator comments to val-
idator Likert ratings).

5 Results

This section reports results from the post-course survey for CS499/599 OSS-
Doorway (N = 21) and summarizes open-ended feedback. We summarize results
for (i) perceived OSS readiness, (i) GitHub self-efficacy, (iii) task scaffolding and
tool experience, (iv) validator feedback quality, (v) engagement and enjoyment,
and (vi) perceived value and intent to contribute, after which we provide our
overall analysis.

5.1 Perceived OSS Readiness

Respondents generally reported moderately positive perceived readiness for OSS
participation and confidence with core GitHub workflows. Across the OSS readi-
ness set of questions (understanding the typical OSS workflow, feeling prepared
to make a meaningful contribution, feeling less intimidated about contributing),
composite ratings were positive overall (mean = 5.86 out of 7, SD = 0.84; Ta-
ble 1, Figure 4). The highest-rated item was understanding the typical OSS
workflow (mean = 6.10, SD = 0.89), suggesting that the quest structure helped
students internalize the sequence of steps involved in contributing. Ratings were
also positive for feeling less intimidated about contributing (mean = 5.76, SD =
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Table 1. Survey item and composite statistics for students’ perceptions of OSS-Doorway.

Composite & items Mean SD «
(i) Perceived OSS readiness (1-7)

I understand the typical OSS workflow 6.10 0.89

I feel prepared to make a meaningful contribution to OSS 5.71 0.85

I feel less intimidated about contributing to OSS 5.76 1.04

Composite 5.86 0.84 .888
(ii) GitHub self-efficacy (1-5)

Confident: use GitHub issue tracker to find open issues 4.81 0.51

Confident: understand GitHub pull-requests 4.48 0.81

Confident: open a pull request using GitHub web interface 4.71 0.64

Confident: use GitHub to contribute to projects 4.38 0.80

Composite 4.60 0.59 .856
(iii) Task scaffolding and tool experience (1-7)

Tasks improved my understanding of class requirements 5.62 1.50

Tasks gave more actionable guidance than standard assignments 5.76 1.58

Using OSS-Doorway was easy for me 6.00 1.38

OSS-Doorway is useful to learn how to contribute to OSS 5.48 1.50

Composite 5.71 1.35.926
(iv) Validator feedback quality (1-5)

Validator’s feedback influenced how I adjusted my answers 4.16 0.90

Validator helped me identify specific mistakes 4.21 0.79

Composite 4.18 0.79 .844
(v) Engagement and enjoyment (1-7)

Seeing my progress through quests motivated me to continue 5.43 1.36

Gamification made the learning experience more engaging 4.57 1.75

I enjoyed completing quests in OSS-Doorway very much 4.71 1.55

Composite 4.90 1.31.791
(vi) Perceived value and intent to contribute (1-7)

Doing the quests is useful for learning OSS contribution 5.38 1.43

I am more likely to contribute to OSS now than before 6.33 0.66

After this experience, I intend to contribute to OSS outside class 5.86 1.06

Composite 5.86 0.68 .198
Recommendation (single item)

Likelihood to recommend OSS-Doorway (0-10) 7.33 222 —

NPS (%Promoters - %Detractors) +48 — —

Note. Item rows report mean and standard deviation. Composite rows report the aver-
age across items in each construct, standard deviation, and Cronbach’s o when appli-
cable. Response scales vary by construct and are shown in parentheses. The perceived
value and intent-to-contribute items are reported together for descriptive purposes but
should be interpreted item by item because of low internal consistency.
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1.04). Overall, students reported feeling comfortable with the main mechanics of
contribution workflows after the quest sequence, although the size of the sample
and reliance on self-report limit how strongly we can interpret these ratings.

5.2 GitHub Self-Efficacy

Students reported relatively high confidence across the four GitHub-specific tasks
(composite mean = 4.60 out of 5, SD = 0.59; Table 1, Figure 3). Confidence in
using the issue tracker to find open issues scored highest at 4.81, followed by
opening a pull request via the GitHub web interface (4.71). Understanding pull
requests (4.48) and using GitHub to contribute to projects more broadly (4.38)
were the lowest-rated items, but both were above 3 (the midpoint). These results
suggest that after the quest sequence, students felt reasonably confident perform-
ing the specific mechanics of a GitHub-based contribution workflow, though the
lower ratings on broader contribution tasks indicate that confidence is uneven
across activities.

Validator's feedback influenced how | adjusted my answers

- =
Confident: use GitHub to contribute to projects

- IEN
Confident: understand GitHub pull-requests

- I
Validator helped me identify specific mistakes

.

Confident: open a pull request using GitHub web interface

-

Confident: use GitHub issue tracker to find open issues

1 2

18
100 75 50 25 ] 25 50 75 100
Percentage of responses

Fig. 3. Student ratings of GitHub self-efficacy and validator feedback quality items on a 5-point scale
(N =19-21).

5.3 Task Scaffolding and Tool Experience

Students rated task-level instructional scaffolding and the overall tool moder-
ately positively (composite mean = 5.71 out of 7, SD = 1.35; Table 1, Figure 4).
Items about tasks improving understanding of class requirements and providing
more actionable guidance than standard assignments scored among the highest,
suggesting that the quest-to-task structure helped make expectations concrete.
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Perceptions of overall tool experience were generally favorable, with students re-
porting that OSS-Doorway was reasonably easy to use. Students also indicated
that OSS-Doorway was useful for learning how to contribute to OSS (mean =
5.48 out of 7, SD = 1.50). The relatively large standard deviations on these
items, however, indicate that experiences varied noticeably across respondents.
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Fig. 4. Student agreement ratings for OSS readiness, task scaffolding and tool experience, engagement
and enjoyment, and perceived value and intent to contribute on a 7-point scale (N = 21).

5.4 Validator Feedback Quality

Validator feedback is included in the broader construct of quest structure, tasks,
and the built-in validator (composite mean = 4.18 out of 5, SD = 0.79; Table 1,
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Figure 3). The two validator items (whether feedback influenced how students
adjusted their answers and whether the validator helped identify specific mis-
takes) contribute to the overall score. This aligns with a recurring theme found
in the open-ended feedback, where students described cases in which rejection
messages were difficult to act on.

5.5 Engagement and Enjoyment

Students rated engagement and enjoyment with the system positively but with
mixed enthusiasm (composite mean = 4.90 out of 7, SD = 1.31, a = .791; Ta-
ble 1, Figure 4). The construct combines items on progress motivation, perceived
engagement of the gamification layer, and enjoyment of completing quests. The
composite sits closer to the midpoint than to “agree,” and the “gamification
made the learning experience more engaging” item itself averaged only 4.57 (SD
= 1.75), which is closer to neutral and exhibits substantial variability, indicating
that the surface gamification layer was received with mixed enthusiasm.

5.6 Perceived Value and Intent to Contribute

Perceived value and intent to contribute combines items on the usefulness of
the quests for learning OSS, increased likelihood of contributing, and explicit
intent to contribute outside the course. Item-level means are uniformly positive
(5.38, 6.33, and 5.86 out of 7; Table 1, Figure 4) and the composite mean is
5.86 (SD = 0.68); however, internal consistency is poor (a = .198), so the three
items should be interpreted individually rather than as a single coherent scale.
Students endorsed each statement on its own, but the items appear to capture
related yet distinct ideas (utility of the activity for learning, perceived behavior
change, and forward-looking intent) rather than a single underlying construct.

5.7 Overall Recommendation

We measured overall recommendation using a Net Promoter Score (NPS) item
(0-10). Following standard NPS conventions, scores of 9-10 are Promoters, 7-8
are Passives, and 06 are Detractors. In our sample (N=21), 23.8% were Pro-
moters (5/21), 57.1% were Passives (12/21), and 19.0% were Detractors (4,/21),
yielding an NPS of +4.8 (~ +5; see Figure 5). The raw recommendation ratings
had M = 7.33 and SD = 2.22. We interpret these numbers cautiously. While the
NPS is positive, it is only marginally so: most respondents fell into the Passive
band, and nearly one in five was a Detractor, with the score sitting well below
levels associated with strong advocacy. We therefore read the recommendation
signal as lukewarm rather than enthusiastic, consistent with the friction points
reported in the survey, particularly around validator reliability.



Teaching OSS Contribution Through a GitHub Bot 15

How likely to recommend 0SS-Doorway (0-10)

160 7‘5 5‘0 2‘5 o 2‘5 5’0 75 160
Percentage of responses
Fig. 5. Students’ likelihood to recommend OSS-Doorway to a peer, measured with a 0-10 Net Pro-

moter Score item (N = 21). Scores of 9-10 are classified as Promoters, 7-8 as Passives, and 0-6 as
Detractors.

5.8 Qualitative Feedback from Open-Ended Survey Responses

Open-ended responses were analyzed inductively and yielded six themes. The
qualitative feedback aligned with the survey results: students valued the GitHub-
based experience, hands-on workflow and immediate feedback, but reported fric-
tion around the validator reliability, feedback specificity, and onboarding clarity.

Hands-on, GitHub-based learning was perceived as valuable. A con-
sistent positive theme was that working directly within GitHub, rather than
through a traditional LMS, made the material feel more authentic and action-
able for many students. Several respondents contrasted the experience favorably
against conventional assignments and noted that the platform encouraged active
participation rather than passive reading.

Student feedback

The general path that the Doorway bot required me to follow benefited my learning the
most, as I was forced to physically work through the process. This helps me to remember and
understand how to do things better than learning about it from a high level.

I think this was a lot more fun. I get kind of sick {with} canvas assignments and needing to
tab back and forth, so having everything in one place was great.

...I think OSS-Doorway is ESSENTIAL in order to help new students understand GitHub. As
such, it helped it a lot, and I think we should move it into an introductory class to teach students
GitHub early, allowing them to save their code and get started in OSS maybe in Freshman year
instead of the Senior one.

Progressive quest structure reduced ambiguity and sustained for-
ward momentum. Students frequently described the quest-based progression
as clarifying “what to do next” and enabling focused, incremental learning. The
step-by-step structure was viewed as particularly valuable for avoiding the cog-
nitive overload that can arise when students are left to self-navigate complex
GitHub workflows.

Student feedback
The progressive structure guides step by step, focusing strictly on an area before moving on
to more content.
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It felt like it was a very guided exercise, which is good for beginners getting their first
introduction.

The activity as a whole was well structured in a way that actually helped me learn.

I think the guiding of the tasks was very useful and much more fun than navigating through
canvas to do the same tasks.

Immediate feedback was valued, in principle. Students appreciated
receiving instant confirmation and guidance without waiting for manual grading,
describing it as making the quests easier to complete on their own schedule
and supporting faster iteration through multiple attempts. As discussed below,
however, the value of this loop was tempered when the validator itself behaved
unpredictably.

Student feedback Having immediate feedback is very nice. It really allowed me to work on
quests at any time and receive live feedback immediately.

Without the bot, I would have spent more time on each assignment making sure my submis-
sion was perfect before I would submit. But in this environment, I could just try the first thing
that came to mind because I had multiple attempts.

Validator reliability and format sensitivity were the primary pain
points. The most common frustration across both the validator-specific and
free-response questions was that the validator sometimes rejected correct answers
unless they conformed to a very specific format, and that its rejection messages
were not always actionable or diagnostic. Several students noted that the system
could be gamed in the opposite direction as well, with the validator occasionally
accepting responses that did not reflect genuine understanding.

Student feedback The validator is just not that good, does not give the best feedback, and
seems to struggle in validating things that are actually correct but not in the format it wants.

Sometimes, it was the bot not quite understanding my answer that would mess up my badge
and/or answer streak. Me saying “The answer is {number}” and getting marked as wrong and
losing my streak because all it wanted was “{number}” did mildly irk me.

The validator was awesome... Also it was kind of easy to manipulate the validator a couple
of times. I would tell it what I thought was supposed to happen without doing it or doing it
wrong and it would still verify the information as correct.

If the validator could give custom advice instead of prepackaged responses, and have a
conversation with the user, I think the whole system would be much better. The validator is
probably the biggest weakness for OSS-Doorway.

Onboarding clarity and submission conventions need to be made
explicit earlier. A recurring source of early confusion was not knowing how to
interact with the system in the first place, specifically, that answers should be
submitted as issue comments. Students who encountered this confusion reported
spending time at the start of Quest 1 before discovering the interaction model
independently. Related frustrations arose in the Code Review quest, where sub-
mission expectations and feedback location were unclear to multiple respondents.

Student feedback When I first started, I wasn’t really sure what to do and so I sat there for a
while trying to figure out how to start the quest. Eventually, I realized I just sent my submission
as a comment.
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On quest 1, task 1, maybe just add one line saying “Send your answer as a comment here.”
And that’s about it. It would have stopped my confusion at the very start about where exactly
I was supposed to answer.

The most confusion for me came from the Code Review quest, as it was unclear where the
feedback would be given, if feedback was even given, if what was being submitted was correct,
etc.

Gamification structure was useful; surface rewards were largely
ignored. Responses to the gamification prompt revealed a consistent split:
students appreciated the quest and progression structure as an organizational
mechanism, while points, badges, and streaks were seen as largely irrelevant or
even counterproductive when tied to validator inconsistency. Several students re-
framed the gamification dashboard not as a motivational tool but as a progress
tracker, suggesting its primary utility is informational rather than competitive.

Student feedback I never really felt like it was a game. I used the statistics more as a dashboard
to gauge my own progress. I think the gamification elements could be built on to make a more
interactive/useful dashboard, but the gamification was not of huge value to me.

I like the split into quests, but that’s about it - - medals, badges, and points meant nothing
to me, ... .

They are good, but the motivation to do homework, at the end of the day, always comes back
to grades. Also, because the whole class is more or less in the same place, being individualized
by the gamified metrics is not really possible.

The open-ended responses sharpen and extend the quantitative picture. OSS-
Doorway’s strongest perceived contributions are its GitHub-based structure,
hands-on task design, and real-time feedback availability.

6 Discussion

Our findings reveal both the promise and the current limitations of OSS-Doorway
as a GitHub-based, gamified coursework system with automated feedback. We
discuss the implications for scalable onboarding and feedback in software engi-
neering education.

6.1 GitHub-Based Structure as an Onboarding Mechanism

The clearest pattern across both quantitative and qualitative data is that OSS-
Doorway’s GitHub-based structure reduced friction and made authentic contri-
bution workflows feel accessible. High composite scores on OSS readiness and
GitHub self-efficacy (combined M = 4.60/5), along with comments of the sys-
tem being “ESSENTIAL” for learning GitHub and a recommendation to deploy
it earlier in the curriculum, suggest that the system’s value extends beyond skill
acquisition to confidence-building and workflow socialization. This aligns with
prior work showing that newcomers benefit not only from technical scaffolding
but also from guided, repeated participation in the same interaction patterns
they will encounter in real repositories [31, 27].
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6.2 Structured Progression as the Primary Engagement Driver

Students consistently framed engagement in terms of structure rather than re-
ward. The quest-to-task progression was described as keeping work focused, re-
ducing uncertainty about next steps, and enabling incremental skill-building in
a way that felt more engaging than conventional assignments. Importantly, stu-
dents separated the quest structure from the reward layer: students who reported
finding badges and points irrelevant still described the quest structure positively,
and several reframed the progress dashboard as an informational tracker rather
than a motivational tool.

This pattern is consistent with literature on gamification, which distinguishes
between structural mechanics (progression, task chunking, and visible milestones)
and surface rewards (points, badges, and leaderboards), and finds that the former
more reliably supports learning-oriented behavior [8, 34, 35]. For OSS-Doorway,
this means the quest structure matters the most, while points and badges con-
tribute only marginally.

6.3 The Validator as the Primary Improvement Opportunity

The validator is the clearest area for improvement and the one most directly tied
to student experience. It received a lower composite score (M = 4.18/5) and the
most consistent negative qualitative feedback, with one of the weakest individual
item ratings, being how much the validator’s feedback influenced adjustment of
students’ answers (M = 4.16).

The qualitative data adds important information to these numbers. Students
identified two distinct failure modes. The first is false rejection: correct answers
being marked wrong due to formatting rather than conceptual error (e.g., writing
“The answer is {number}” instead of “{number}”). The second is false acceptance:
the validator approving responses that described the correct behavior without
the student actually performing it. Both failure modes undermine the validator’s
core function; the first by frustrating students who are right, and the second by
allowing students to bypass genuine learning. This suggests that additional work
may be done in the LLM prompting to improve the right level of assessment.

6.4 Automation as a Feedback Assistant, Not an Opaque Judge

Automated feedback is most effective when its logic is legible to learners. When
students understand what is being checked and why an answer was rejected,
they can act on the feedback. When they cannot, they experience the system
as measuring compliance with hidden preferences rather than conceptual under-
standing. This was a frustrating and unfortunate dynamic that several students
described explicitly. This is consistent with broader findings in formative feed-
back research, which emphasize that feedback must reduce uncertainty about
what to do next without replacing the learner’s reasoning 28, 12].

For OSS-Doorway, this principle argues for positioning the automated valida-
tor as a feedback assistant rather than a final authority. In practice, this means
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making explicit the criteria being checked (“your answer should include X, Y,
and Z7), distinguishing the type of failure (missing concept vs. formatting vs.
wrong artifact), and anchoring acceptance decisions in explicit, rule-based logic
wherever possible. It also means openly acknowledging the limits of LLM-based
judgment: when the system is uncertain, it should state so and prompt human
review rather than issuing a confident but unreliable verdict.

6.5 Implications for GitHub-Centered Software Engineering
Coursework

Our findings suggest some actionable implications for GitHub-centered educa-
tional systems. First, GitHub-based interaction can reduce context switching and
support authentic workflow socialization, but submission norms must be made
explicit at every entry point. Second, structured progression and task chunk-
ing are the primary engagement mechanisms; at the same time, surface reward
layers should remain secondary. Third, validator improvements should prioritize
criterion transparency; deterministic checks paired with clear rubrics outperform
a capable but unpredictable model. Fourth, the system shows genuine potential
for deployment in the curriculum, with students independently identifying that
0OSS-Doorway’s onboarding value would be higher in introductory courses, where
GitHub familiarity cannot be assumed.

Overall, OSS-Doorway appears to be a viable model for OSS education, with
quantitative and qualitative results pointing to the value of structured guidance
within GitHub. However, the moderate recommendation score shows that the
current implementation is not yet uniformly well received, with validator reliabil-
ity and feedback interpretability remaining the clearest areas for improvement.

7 Limitations

This study has several limitations that should be considered when interpreting
the results and when building on current work.

Although the evaluation was conducted in an open-source-focused course
with a mixed cohort of graduate/undergraduate students, which provided a par-
ticipant pool with varied experience in personal and industry projects, it was
still limited to a single course with a relatively small sample size. While this
setting reflects realistic classroom use, the findings may not generalize to other
courses, institutions, or student populations.

Secondly, the results rely primarily on self-reported survey data, which may
be subject to perception bias. Students’ reported experiences may not perfectly
reflect objective learning outcomes or long-term skill acquisition. Although sys-
tem usage artifacts were collected, this study does not include controlled pre—post
measures or external performance benchmarks that would allow us to quantify
improvement over time and compare it against a consistent reference. As a result,
the findings should be interpreted primarily as evidence about student percep-
tions, rather than definitive measures of learning impact.
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In addition, the study does not include a controlled comparison with alter-
native instructional approaches such as traditional assignments or even other
GitHub-based tooling. As a result, any causal claims about the system’s supe-
riority should be avoided. Our system was designed to be fully customizable,
enabling instructors to tailor a course module. In light of this, the effectiveness
of the automated validation and feedback mechanism is partly dependent on the
quality of task authoring, including prompt clarity, validation criteria, and feed-
back templates. Variability in task design may influence students’ experiences
not only with feedback quality and clarity but also with the system as a whole.
Finally, access to external large language models (LLMs) was not controlled or
restricted during the course. Students’ use of such tools may have influenced how
they interpreted feedback or completed tasks, introducing an additional factor
that was not fully isolated in the current study.

A further concern is the potential for social desirability bias. Even though
responses were collected anonymously and reported only in aggregate, students
may have skewed their answers toward more favorable assessments to avoid im-
plicitly criticizing the tool, which could inflate ratings on subjective items such
as engagement, perceived usefulness, and overall recommendation.

Beyond the role of task-authoring quality noted above, OSS-Doorway’s re-
liance on the Quest Builder makes the student experience strongly instructor-
dependent in ways that limit the generality of the results. The same software
can yield meaningfully different outcomes when instructors vary task wording,
validator prompts, acceptance criteria, retry policies, or pacing across quests.
Our findings should therefore be read as an evaluation of one particular con-
figuration of OSS-Doorway rather than of the system in the abstract. Future
evaluations could mitigate this by reporting the full quest configuration as part
of the replication package and by comparing outcomes across deployments that
share a common configuration baseline.

Finally, the validator’s reliance on a hosted large language model introduces
a model-drift and replicability concern that the current paper does not fully
address. We do not report the specific model identifier, version, or prompt pa-
rameters (e.g., temperature, top-p, system message, and few-shot exemplars) of
the validator in enough detail to support exact replication, and the underlying
model can also be silently updated by its provider over time. Because validator
behavior is sensitive to all of these factors, results obtained with one configu-
ration may not be exactly reproducible in a different time window or with a
different model snapshot. Future iterations of the system should pin and doc-
ument model versions, log all prompt parameters alongside validator decisions,
and include the relevant configuration in the replication package.

8 Future Work

Building on a key limitation of our current integration and evaluation, a promis-
ing direction is to extend OSS-Doorway beyond a single course offering. Future
work should evaluate OSS-Doorway beyond a single course. Deployments across
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courses, institutions, academic levels, and student populations would improve
external validity and help compare its use across teaching contexts.

Future studies should also include a baseline or control condition. The current
evaluation relies on one cohort and self-reported perceptions. A stronger design
could compare OSS-Doorway with a prior version of the same course that does
not use the bot. Objective measures such as grades, assignment completion, pull
requests, and task completion time would help distinguish the effects of OSS-
Doorway from course, instructor, or cohort effects.

We also plan two system improvements. First, we will add a short onboarding
tutorial before Quest 1 to explain how students should interact with the bot and
submit answers. Second, we will improve the validator using examples from real
student responses to reduce format sensitivity and make feedback clearer and
more useful.

The validator also needs a separate evaluation. Students reported problems
with incorrect rejections and incorrect approvals, but this study does not measure
validator accuracy. We plan to log validator decisions and compare them with
human judgments to estimate accuracy across task types.

Future evaluations should measure learning and contribution behavior, not
only perceptions. For example, a follow-up study one or two months after the
course could combine a short survey with GitHub activity data to examine
whether students continue using GitHub or contributing to OSS after the course.

Finally, students suggested that OSS-Doorway may be useful earlier in the
curriculum, where GitHub experience cannot be assumed. Future work should
evaluate the system in introductory software engineering or computing courses
to assess its value for students with less experience using version control.

9 Conclusion

This paper presents OSS-Doorway, a learning system that combines gamified
elements to improve retention, a GitHub-based approach that introduces stu-
dents to the platform, and a feedback system aimed at onboarding students
into OSS contributions. By using structured tasks, gamified mechanisms, auto-
mated validation, and iterative feedback delivered entirely within GitHub, we can
keep students in authentic open-source workflows, thereby supporting onboard-
ing into authentic software engineering and open-source workflows. Traditional
coursework is transformed by organizing it as progressive quests and embedding
interactions within GitHub artifacts, such as repositories and issues.
0OSS-Doorway’s classroom deployment demonstrates that this approach is vi-
able and beneficial in several key respects. Through quantitative and qualitative
analyses, we find that students improved their familiarity with GitHub work-
flows. Also, our quest-based structure and explicit progression reduced ambiguity
about what to do next and contributed to higher perceived engagement. These
results suggest that gamified systems on GitHub, such as OSS-Doorway, can sup-
port learning and onboarding in open source education, but their effectiveness
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depends strongly on the quality and transparency of automated feedback mech-
anisms. By addressing current feedback limitations and extending evaluation
across contexts, such systems have the potential to scale authentic, feedback-rich
learning experiences within the platforms students will encounter in real-world
software development.

Data Availability

The replication package, with the research instruments and scripts, is /available
for public access [9]. Likewise the bot and related management system are also
publicly available through GitHub [22, 23].
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