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ABSTRACT
Open Source Software (OSS) supports modern digital infrastruc-
ture and industry, making the ability to contribute and collaborate
in OSS communities an increasingly important professional skill.
Participating in OSS gives students valuable real-world software en-
gineering experience, but also introduces distinctive challenges. In
this work, we investigate the barriers university students encounter
when contributing to OSS projects. We qualitatively analyze experi-
ences from an advanced master-level software engineering course
at a European university and systematically map those experiences
to existing barrier frameworks. Notably, we identify two barriers
not described in prior work: “Conflicting Mentor Guidance” and
“Communication Channel Ambiguity”. By combining project char-
acteristics with student reports, we also find that commit frequency
is a more reliable indicator of contribution success than project size
or age. Our findings show how barriers interconnect and compound
for time-constrained student contributors, with interpersonal barri-
ers often triggering or exacerbating technical and process barriers.
Students who selected projects based on personal interest achieved
higher success rates, underscoring the role of intrinsic motivation.
We conclude with implications for practice: students should choose
projects aligned with their interests and with active maintainer
engagement; educators should use vitality metrics and prepare stu-
dents for common barriers; and maintainers should prioritize timely
communication and mentorship.
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1 INTRODUCTION
Open Source Software (OSS) is the backbone of the modern digi-
tal world, powering critical infrastructure, research, and virtually
every software-dependent industry [17, 44]. As software pervades
every aspect of society, the demand for professionals who can ef-
fectively contribute to and collaborate within OSS communities is

increasingly valued. Previously, GitHub’s report stated that over 5.2
billion contributions were made across public and OSS projects in
a single year, underscoring the scale of such activity [14]. Industry
leaders and educators now recognize fluency in OSS development
as a core competency for software engineers, not an optional spe-
cialization [20, 42].

For students, engaging inOSS ismore than just a résumé-building
exercise; it is an entry point to real-world practices, distributed
teamwork, complex codebases, and global technical communities [23,
24]. OSS assignments expose learners to tools and workflows used
for software maintenance in a collaborative environment, which
are essential for professional software engineers. Critically, OSS
participation can foster identity, confidence, and a sense of respon-
sibility by empowering students to become contributors rather than
passive consumers of technology.

However, the reality of integrating OSS into software engineer-
ing education often falls short of this vision. Students frequently en-
counter technical and social barriers that are fundamentally differ-
ent from those experienced in traditional academic projects [2, 36].
These obstacles include deciphering large and poorly documented
codebases, navigating ambiguous community norms, and commu-
nicating across time zones and cultures. Unlike self-directed new-
comers, students must overcome these challenges while managing
academic deadlines and often with limited prior experience [20, 23].
As a result, the intended educational benefits of OSS assignments
can give way to frustration or disengagement, affecting both stu-
dent learning and the goals of OSS communities that depend on a
steady influx of new contributors [34, 44].

Although there is a growing body of research on the barriers
faced by OSS newcomers [2, 33], including foundational frame-
works such as those of Balali et al. [2] and Steinmacher et al. [33],
much less attention has been paid to how these barriers manifest
themselves for students in academic settings. Existing studies have
identified technical, interpersonal, personal, and process barriers,
and have begun to explore the dynamics of mentoring and motiva-
tion [1, 10, 12, 13], but systematic empirical accounts focused on
students remain scarce.

In this paper, we address this gap by investigating: RQ1: What
barriers do students experience when trying to contribute
to Open Source Software projects as part of their university
coursework? Building on and extending the frameworks of Balali
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et al. [2] and Steinmacher et al. [33], we conduct a qualitative anal-
ysis of reflective reports produced by student teams in a master’s
level course on software evolution. This method systematically
maps student experiences to existing barrier categories, while re-
maining open to new, student-specific themes and challenges. This
enables us to test the applicability of established frameworks and
to contribute new insights tailored to the academic context.

To further contextualize our findings, we also investigate: RQ2:
How do project characteristics of OSS projects, student moti-
vations for picking OSS projects, and the barriers encountered
relate to student success? By combining student reflections, self-
reported motivations, and OSS project characteristics, we identify
how students can choose OSS projects to contribute to.

Our results reveal that the most common barriers faced by stu-
dent groups included low response rates from maintainers, high
code complexity, and insufficient documentation. Two previously
undocumented barriers also emerged: conflicting mentor guidance
and communication channel ambiguity. Furthermore, our findings
indicate that project commit frequency was a stronger indicator of
contribution success than project size or age, with higher activity
levels andmore responsivemaintainer engagement linked to greater
success (i.e., merged pull requests). Among the 28 pull requests sub-
mitted by the students, 16 were successfully merged, demonstrating
that despite encountering multiple barriers, many students were
able to make meaningful contributions to OSS projects.

Our contributions are as follows: (1) a detailed mapping of bar-
riers encountered by students during OSS course assignments,
grounded in and extending previous frameworks; (2) the identi-
fication of novel challenges unique to the intersection of academia
and OSS; and (3) evidence-based recommendations for educators
and OSS maintainers to improve the preparation, support, and re-
tention of student contributors. Our insights can help educators
with both curriculum design and community practice, supporting
future OSS contributors.

2 RELATEDWORK
The integration of OSS contributions into software engineering
education has attracted growing attention from both educators and
researchers [6, 21, 23, 24, 29]. Understanding the barriers, supports,
and dynamics that shape the OSS experience of students is critical
to designing effective curricula, informing community practices,
and ultimately strengthening the pipeline of future contributors. In
this section, we reflect on the main threads of related research, with
a focus on established frameworks for analyzing newcomer barriers,
mentoring and onboarding practices, educational studies of OSS
integration, and work centered on student-specific experiences.

Previous works in this area cataloged the barriers faced by new-
comers to contributing to OSS projects [2, 33]. Building on empirical
research Steinmacher et al. [33] and Balali et al. [2] developed frame-
works that describe technical, social, process, and personal barriers
that hinder newcomer participation. These frameworks highlight
how barriers often interact and reinforce one another, intensifying
the difficulties of maintaining long-term engagement.

Other studies have examined the role of mentoring and on-
boarding in reducing barriers and supporting successful contri-
butions [28]. For example, Balali et al. [1] and Tan et al. [37] have

explored how mentorship, task recommendation systems, and col-
laborative practices can facilitate smoother entry for newcomers.
Studies such as Fronchetti et al. [12] and Hannebauer et al. [15]
have further investigated the diverse motivations that drive devel-
opers and students to begin contributing, while Gerosa et al. [13]
have explored how these motivations evolve over time. Collectively,
these works document promising strategies for scaling support and
boosting engagement, while also highlighting the variability and
limitations of mentoring capacity across projects, particularly for
contributors who require additional scaffolding [10].

Another important line of research investigates the intersection
of OSS and formal education. Studies such as those by Nascimento
et al. [6, 20, 21] and Pinto et al. [23, 24] have explored the op-
portunities and challenges associated with integrating OSS-based
assignments into university courses. Silva et al. [30] provide in-
sight into how participation rewards and learning objectives shape
student engagement in OSS-related initiatives such as Google Sum-
mer of Code. The findings of these studies indicate that authentic
participation in OSS can improve student motivation, professional
preparedness, and collaboration skills, but also reveal persistent dif-
ficulties in project selection, onboarding, and access to support. The
need to align academic structures with community norms emerges
as a recurring theme, as does the risk that unresolved barriers may
undermine both learning outcomes and student confidence.

More recently, a handful of studies have begun to focus on stu-
dents as a distinct group of OSS contributors. For instance, Cere-
ceda et al. [4], Pinto and Ferreira [23], and Gerosa et al. [13] have
highlighted the unique motivations, constraints, and learning tra-
jectories of student participants, as well as the interplay between
academic and OSS cultures. Hannebauer et al. [16] provided valu-
able insight into the mental models and cognitive dissonance expe-
rienced by newcomers, including students, as they engage with OSS
projects. While these studies advance our understanding of student
participation, most rely on surveys or interviews conducted after
the contribution experience, with limited attention to real-time
reflections or the specific ways in which established frameworks
capture (or fail to capture) student challenges.

The literature offers a solid basis for understanding OSS onboard-
ing and education. However, a notable gap still exists: we lack sys-
tematic, reflection-based accounts of the barriers faced by students
during authentic OSS coursework, and it is unclear to what extent
existing frameworks capture the full range of their experiences. Our
study stands out from the existing literature in addressing this gap
by mapping student reflections to established frameworks while
remaining attentive to new student-specific themes.

3 METHOD
To investigate the barriers experienced by students during authentic
OSS contribution assignments, we adopted a systematic qualita-
tive research design centered on the analysis of reflective reports.
Unlike studies that rely on post-hoc surveys or interviews, our
approach draws on contemporaneous student reflections written
during the contribution process. Thereby yielding richer and more
immediate accounts of real challenges, and minimizing any mem-
ory bias. The methodology is anchored in established barriers for
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newcomers [2, 33], but is also designed to capture new student-
specific themes as they emerge. Our process consists of two main
components: (i) structured data collection from multiple sources
and (ii) a rigorous qualitative analysis protocol. The following sub-
sections detail the study context, data sources, ethical procedures,
and analysis methods.

3.1 Research Setting
This study was conducted in the context of a master-level course
in Software Evolution at Eindhoven University of Technology, The
Netherlands. The students who participate in the course are all
expected to possess basic programming and software engineering
knowledge, including familiarity with Git-based workflows. The
course is designed to bridge academic knowledge with professional
practice by engaging students in authentic OSS contribution experi-
ences. Each year, approximately 70 students participate, organized
into teams of three to five. As part of a graded assignment, teams
are required to select an active, engineered OSS project, identify
and address suitable issues, engage with the maintainers of the
project, pick two open issues, and contribute pull requests that fix
these issues. The assignment emphasizes collaboration, technical
rigor, and engagement with external communities.

The courses at Eindhoven University of Technology run for ten
weeks, creating a very constrained time period for assignments.
Therefore, this assignment has been carefully scaffolded to ensure
that students can contribute meaningfully to OSS projects, thereby
benefiting both students and the OSS communities with which
they interact. The selection of the OSS project is governed by a
structured set of criteria designed to maximize both the educational
value and the feasibility. OSS projects selected by students must
meet the following requirements:

• Collaborative OSS project: The OSS project should be an
active, collaborative, and engineered software project. These
requirements have been recommended previously in other,
similar courses [32].

• Language: The primary implementation language must be
Java, Python, C#, JavaScript, or TypeScript, to ensure align-
ment with the students’ backgrounds and with the instruc-
tors’ ability to understand their source code.

• Issue suitability: The OSS project should have open issues
that can be fixed in the scope of six weeks and require the
development of source code. Issues limited to documentation,
translation, or similar non-code tasks were not considered
acceptable.

• Size and complexity: The OSS project should not be too
large. In every language, several large and famous projects
are incredibly popular and active. To prevent disruption in
these projects and increase the likelihood of maintainers
responding to the students pull requests, we requested the
students not to pick famous projects.

The assignment is composed of three stages. In the first stage,
each team submits its project choice, along with a shortlist of
GitHub issues from the chosen project that they wish to work
on. The teaching assistant reviews selected projects to ensure that
all criteria are met, offers feedback, and may suggest alternative
options if a proposed project or issue is deemed unsuitable.

For the second stage, students were asked to fix two of the is-
sues they selected and to open pull requests in the project. They
shared the links to their pull requests with the teaching team and
were encouraged to respond to the maintainer’s reviews to ensure
that their contributions could be merged. Note that pull request
acceptance was not part of the course grading policy and that the
students were aware of this.

Finally, in the third stage, two weeks after opening the PRs, stu-
dents are required to submit a report in which they describe and
reflect on their experiences contributing to the project they selected.
Students are instructed to ground their analysis in established lit-
erature on OSS newcomer barriers, ensuring both relevance and
theoretical alignment [2, 33]

3.2 Data Collection
We combine OSS contributions as described by the students in their
reports with metrics collected from the projects and pull requests.
This approach combines depth (student reflections) and breadth
(project characteristics and objective outcomes). The three data sets
we collected are described below.

1. Reflective Reports. As described previously, each student
team submits a reflective report in stage three. These reports are
a required component of the course, requiring students to docu-
ment their rationale for project selection, describe their journey
of technical and social contribution, and explicitly reflect on the
barriers they encountered. Reports are typically several pages long
and are written collaboratively by all teammembers, providing rich,
contemporaneous accounts of the contribution process. For this
study, we collected reports from 13 teams spanning two academic
years (2022-2023 and 2023-2024), resulting in a corpus of diverse
and context-rich narratives. We included only reports from teams
for which all members gave their consent for use in the research.

2. Project Metadata. To contextualize the qualitative reflec-
tions, we extracted metadata of each OSS project selected by the
students. This includes the programming language(s), project age
and size (e.g., number of contributors, age, programming language,
repository activity levels (commit frequency, issue activity), and
the presence or absence of key onboarding resources such as con-
tribution guidelines, setup documentation, and codes of conduct.

3. Pull Request Outcomes. For each team,we recordedwhether
their pull request was merged, rejected, or remained pending after
the course. This objective measure enables us to relate student expe-
riences and reported barriers to the outcome of their contributions
and to analyze possible relationships between project characteris-
tics, encountered barriers, and contribution success.

3.3 Data Analysis
We follow a multistage qualitative coding protocol grounded in
established frameworks for OSS newcomer barriers [2, 33]. The
process was designed to maximize reliability, transparency, and the-
oretical alignment, while remaining open to new student-specific
findings. Given the size of our population, we focus on qualitative
rather than quantitative analysis, and do not conduct inferential
statistics.

Before coding, all five researchers participated in a calibration
session, in which sample excerpts from the reports were jointly



ICSE-SEET ’26, April 12–18, 2026, Rio de Janeiro, Brazil Nathan Cassee, Sankarsh Ravi, Italo Santos, Igor Steinmacher, and Alexander Serebrenik

coded and discussed. This exercise ensured a shared understanding
of the definitions of barriers as articulated by Balali et al. [2] and
Steinmacher et al. [33], and clarified the procedure for identifying
statements that could signal novel or context-specific barriers.

Three researchers independently reviewed all relevant sections
of each report and highlighted passages in which students described
difficulties, barriers, or frustrations. Each passage was coded using
the categories defined in the framework of Balali et al. (i.e., technical,
interpersonal, process, and personal) [2]. In cases where a passage
described multiple barriers, multiple codes were assigned. All cod-
ing was conducted using a structured spreadsheet that tracked
report sections, text excerpts, assigned codes, and coder notes. Ac-
companying materials, including the assignment description and
project characteristics, are available as supplemental material 1.

In addition to deductive coding, researchers flagged passages that
did not fit existing categories but appeared to describe significant or
recurrent barriers. These potential new barriers were documented
with supporting quotes and discussed in follow-up meetings.

After the initial coding phase, the researchers compared their cod-
ing assignments, discussed discrepancies, and refined the code defi-
nitions as necessary. Coding disagreements were resolved through
discussion, and, when consensus was not immediately reached, a
third coder served as a tiebreaker. For each barrier and each team,
a final code (present, absent, unmentioned) was assigned by con-
sensus and linked to supporting statements.

Novel barrier candidates were only added to the final taxonomy
if (1) multiple coders independently flagged them, (2) they were
supported by clear and representative evidence from more than
one report, and (3) all coders agreed on their distinctiveness.

3.4 Ethics
All data collection and analysis procedures were reviewed and
approved by the University Ethics Review Board (ERB).2 Before
accessing any data, we submitted a research protocol describing the
study objectives, data sources, data handling procedures, and plans
to protect the privacy of participants. After finalizing course grades,
students were contacted by email and informed of research goals,
data to be collected, their rights as participants, and the voluntary
nature of their participation. Explicit written consent was obtained
from all team members of students whose reports were included in
the analysis. Reports were then anonymized by removing names,
identifiers, and any potentially sensitive project or communication
details. Only the approved research team had access to the original
data, which were stored on secure university-hosted servers in
accordance with institutional and legal privacy requirements.

4 RESULTS
The 13 student groups who consented to participate in our study
submitted a total of 28 pull requests across various OSS projects
(cf. Table 1). Of these, 16 were successfully merged, 6 were closed
without merging, and 6 remained open at the end of the course. This
distribution reveals varying levels of success in student contribution
attempts, with just over half achieving integration of their work
into the mainline of an OSS project.

1https://doi.org/10.6084/m9.figshare.30229774
2ERB2023MCS30

Students selected projects spanning various domains and ecosys-
tems, including developer tools (Certbot, Orval), visualization li-
braries (Matplotlib), productivity software (JabRef, Zulip), web ap-
plications (Open Library, TEAMMATES), and utility libraries (tqdm).
The selected projects varied significantly in size (ranging from 12 to
1,495 contributors), maturity (established between 2003 and 2023),
and commit frequency (ranging from low to high), allowing us to
explore how these characteristics influenced student experiences.

Through detailed analysis and consensus-based coding by the
research team, we identified multiple barriers encountered by stu-
dent contributors, illustrated in Table 2. In particular, we found two
previously undocumented barriers. In the following, we first discuss
the newly identified barriers, then the existing barriers experienced
by students, and finally, we report the relation between project
characteristics and barriers.

4.1 Emerging Barriers
Our analysis identified two barriers not previously documented in
the literature that impacted student contributors. These barriers
represent a contribution of our work to understanding the unique
challenges faced by OSS contributors.

The first new barrier, which we named “Conflicting Mentor
Guidance”, was reported by two groups that contributed to the
TEAMMATES and JabRef OSS projects. This barrier occurs when
different project mentors or maintainers provide contradictory feed-
back or instructions on the same issue, creating confusion about
the correct approach (cf. the “Discussion of the solution: strategy”
category among the reasons for confusion in code review in the
study of Ebert et al. [7]). As one group noted in their report, dif-
ferent mentors provided conflicting guidance on implementation
details, forcing students to spend additional time reconciling these
viewpoints or selecting which advice to follow. This barrier high-
lights the challenges of distributed mentorship in OSS projects and
the importance of consistent guidance for newcomers.

The second new barrier, “Communication Channel Ambiguity”,
was reported by the team contributing to the website calendar
project, who found themselves unable to access key project com-
munication platforms due to unclear onboarding information. This
barrier effectively isolated them from informal community inter-
actions and support channels, significantly impacting their ability
to seek help and clarification. Unlike general communication diffi-
culties documented in previous research, this barrier is related to
structural access issues rather than language or cultural differences.

4.2 Identified Contribution Barriers
To analyze the barriers reported, we used the framework of Balali et
al. [2] to identify the technical, interpersonal, process, and personal-
related barriers experienced by the studies. Next, we describe the
students’ experiences through these barriers for each category.

4.2.1 Technical Barriers. Code complexity emerged as the most
common technical barrier, as reported by four of the 13 groups.
Groups reporting this barrier consistently struggled to understand
large codebases, project architectures, and dependencies, regardless
of their familiarity with the programming language. This suggests
that language familiarity alone is not sufficient to overcome the
technical complexities of OSS projects.

https://doi.org/10.6084/m9.figshare.30229774
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Table 1: Pull requests submitted by the students.

Group Project Number of Contributors Commit Frequency Pull Request Status Response from Developers

A Certbot 466 High merged received
merged received

B VSCode-Pets 84 Low
open received
open received
open received

C Matplotlib 1495 High merged received
open received

D tqdm 115 Low open not received
open not received

E Zulip 984 High closed received
closed received

F website-calender 28 Inactive closed received
closed received

G TEAMMATES 651 Low merged received
merged received

H JabRef 684 High closed received
merged received

I Orval 170 High
closed received
merged received
merged received

J Open Library 370 High closed received
merged received

K Abby 12 Low merged received
merged received

L TEAMMATES 651 Low merged received
merged received

M Weblate 1205 High merged received
merged received

Table 2: Barriers encountered by student groups.

Barrier Type Count Groups

Low response rate Interpersonal 8 B, C, D, E,
F, L, M, J

High code complexity Technical 4 C, D, E, M
Lack of documentation Process 4 A, D, E, I
Difficulty in setting up development
environment Technical 2 I, M

Lack of newcomers background
knowledge Technical 2 C, I

Problem with process of submitting code Process 2 B, K
Difficulty in time management Personal 2 B, J
Task too complex for newcomers Technical 2 E, K
Different opinions of different mentors Interpersonal 2 G, H
Long project processes Process 2 A, K
Lack of knowledge about procedures Process 2 B, E
Shyness to ask questions Personal 1 C
Difficulty in learning tools/technology Technical 1 C
Difficulty in choosing newcomer friendly
project Process 1 D

Harsh project atmosphere Interpersonal 1 F
Lack of English language skills Interpersonal 1 F
Lack of mentor’s interpersonal skills Interpersonal 1 F
Communication channels problem Interpersonal 1 F
Communication issues (timezone/place) Interpersonal 1 J
Challenges in communicating effectively Interpersonal 1 M

Challenges related to setting up development environments af-
fected two groups, particularly for projects with complex depen-
dencies or specialized configurations. These setup challenges often
consumed disproportionate amounts of students’ time, reducing
their capacity to actually contribute code to these projects.

Two groups reported limited background knowledge of project-
specific tools and technologies as a technical barrier, reflecting

domain-specific gaps rather than general programming deficien-
cies. For instance, students contributing to specialized projects like
Orval (OpenAPI/TypeScript) or Zulip (team collaboration platform)
struggled to understand the domain-specific concepts and technolo-
gies required to work on these projects.

The prevalence of technical barriers indicates that while tech-
nical challenges are common, they do not necessarily predict the
outcomes of contributions. This finding suggests that other factors,
such as interpersonal and process-related considerations, can also
play a role in determining contribution success.

4.2.2 Interpersonal Barriers. Low response rates from project main-
tainers or community members constituted the barrier most fre-
quently reported, affecting eight of the 13 groups. The impact of
this barrier varied between projects, and groups contributing to
high-frequency commit projects generally reported faster and more
consistent responses than those working with less active projects.
Furthermore, this barrier also affected the contribution results, as
groups that experienced low response rates showed significantly
lower success in combining their pull requests. Of the 17 pull re-
quests submitted by the eight groups that encountered this barrier,
only 7 were merged, while 10 remain unmerged.

Communication challenges related to time zones, English lan-
guage skills, and cultural differences affected three groups. These
challenges manifested differently across projects, with some groups
experiencing delays in feedback cycles due to the geographic dis-
tribution of maintainers, while others encountered difficulties in
interpreting communication styles or expectations. From the stu-
dent reports, it appears that the impact of these barriers was more
pronounced for groups working on projects without clearly estab-
lished communication channels or processes.
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Only one group reported experiencing a harsh project atmo-
sphere, indicating that most OSS communities contacted by stu-
dents maintain relatively welcoming environments for newcomers.

4.2.3 Process Barriers. Documentation gaps affected four groups,
although the nature of these gaps varied considerably. One group
reported missing and outdated setup instructions, while the other
encountered ambiguities in the contribution guidelines and archi-
tectural documentation. The third group stated that they could not
find documentation for testing the feature they had implemented.
Groups that contributed to larger projects(having more than 100
contributors) reported significantly better documentation practices.

OSS projects with a long process to submit and get pull request
approval, together with problems with the code submission pro-
cess were reported by four groups. While long project processes
serve important quality control functions, they create challenges
for students working within the time constraints of an academic
course. Groups contributing to projects with formal governance
structures (e.g., organization-owned repositories, established con-
tribution guidelines) reported higher process delays. Groups that
encountered this barrier worked on popular projects, each with
over 20,000 stars on GitHub.

4.2.4 Personal Barriers. Time management challenges were re-
ported by two groups. Students struggled to balance OSS contri-
butions with other academic commitments, especially when unex-
pected technical or process issues stretched the effort beyond what
they had planned. This barrier appeared across projects of different
sizes, domains, and complexities, indicating it stems more from the
academic context than from project-specific factors.

One group explicitly mentioned shyness when asking ques-
tions as a barrier to participation. They mentioned that they were
concerned about how project managers would perceive their im-
age if the students expressed their doubts (cf. the observation of
Rodeghero [26] that less experienced developers tended to feel un-
comfortable interrupting a more experienced colleague for help).
An interesting perspective on why many groups did not report this
barrier is that it may indicate that many projects provide sufficient
documentation and asynchronous communication channels, which
reduce the perceived social cost of asking questions.

4.3 Relationships Between Barriers, Motivation,
Project Characteristics, and Student Success

In addition to identifying the barriers reported by students in their
reports, we also relate their motivation for picking a project, the
characteristics of the project, the barriers experienced, and the
outcomes of the students’ PRs.

When comparing groups with successfully merged pull requests
to those with unmerged or closed contributions, we observed sev-
eral patterns associated with successful contributions. Groups with
merged contributions reported fewer interpersonal barriers, high-
lighting the importance of community interactions and the benefits
of mentor feedback in helping the student groups successfully con-
tribute. The quality and timeliness of maintainer feedback emerged
as particularly influential factors, and groups with merged pull re-
quests reported constructive and timely responses more frequently.

Meanwhile, groups with unmerged contributions reported more
process barriers (of the 12 total pull requests from the five groups
that experienced process barriers, only four pull requests were
merged), suggesting that clear contribution guidelines help new-
comers successfully contribute. Projects with formalized contribu-
tion structures, including contributing guides, pull request tem-
plates, and issue templates, demonstrated higher pull request accep-
tance rates, reinforcing the importance of structured onboarding.

Although many groups reported technical barriers, these were
not related with team success, suggesting that well-functioning
community processes and interactions can help student groups
overcome technical complexity, enabling newcomers to contribute
successfully despite the presence of technical barriers. This insight
highlights the need for OSS projects to prioritize community and
process improvements alongside technical documentation.

With respect to motivation, we find a relationship between
students’ motivations for project selection and the barriers they
subsequently encountered (cf. Table 3). Students most often selected
projects based on familiarity with the programming language and
availability of “good first issue” tasks (six groups), documentation
quality (five groups), and the level of activity of the project (five
groups). Groups that prioritized programming language familiarity
generally encountered fewer barriers related to basic code compre-
hension, but still reported struggling with architectural complex-
ity. Suggesting that, while language familiarity provides a foun-
dation for contribution, it does not necessarily prepare students
for navigating complex project architectures or domain-specific
implementations. Groups that selected OSS projects based on docu-
mentation quality reported lower rates of process-related barriers,
suggesting that well-documented projects not only facilitate techni-
cal understanding but also clarify contribution processes. However,
this does not mean that the students who chose these projects did
not face technical and interpersonal challenges. This indicates that
documentation alone cannot eliminate all barriers to contribution.
Perhaps most notably, groups that explicitly mentioned selecting
projects based on personal interest or project purpose demonstrated
higher rates of successfully merged contributions. Among the four
groups that selected projects based on personal interest, a total of
nine pull requests were submitted, and eight of them were merged.
This finding suggests that intrinsic motivation plays a crucial role
in helping students persevere through contribution challenges and
ultimately achieve successful outcomes. The motivational aspect
of project selection appears to be an underexplored factor in OSS
contribution success, particularly for students who are required to
work on an OSS project as part of academic or course requirements.

With respect to Project Characteristics, we find important
links between characteristics, barriers, and student success.

Recall that students were instructed to carefully consider project
size, warning them not to pick projects that were too small or
too large. Advice stemming from existing literature [32]. However,
based on our findings, project size might not be the best signal for
students to select projects. Instead, the commit frequency, or activ-
ity, of the projects appears to relate more to student success. For
instance, the VSCode-Pets project (84 contributors, low commit fre-
quency), TEAMMATES (651 contributors, low commit frequency)
and tqdm (115 contributors, low commit frequency) all demon-
strated low responsiveness, while projects like Matplotlib (1,495
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Table 3: Motivations for selecting OSS projects.

Motivation Count Groups
Familiar programming
language/technology stack 6 A, D, E,

F, H, I

Availability of “good first issue” tasks 6 A, C, G,
H, J, L

Well-maintained comprehensive
documentation 5 A, C, E, H, M

Active community responsive
maintainers 5 C, E, I, K, M

Personal relevance project usage 4 B, G, I, M
Manageable project size complexity 3 D, F, M
Project popularity impact 3 B, E, H
Welcoming contribution policy 2 B, E
Recent Commit History 2 D, J
Opportunity for meaningful
contributions 2 H, M

Clear development procedures 1 G
Educational relevance 1 G

contributors, high commit frequency), Orval (170 contributors, high
commit frequency) and Open Library (370 contributors, high com-
mit frequency) provided timely feedback. These results suggest that
students should be encouraged to look for signs of activity, such as
commit frequency, rather than focusing solely on project size.

Secondly, projects with high commit frequencies demonstrated
not only better responsiveness to student contributions but also
more comprehensive documentation, making it less likely for stu-
dents to report barriers.

Furthermore, our analysis suggests that certain barriers act as
“gatekeepers” that significantly influence whether students can
overcome subsequent challenges. For instance, students who en-
countered significant response delays often found it difficult to
resolve technical issues or clarify process requirements, regardless
of their technical preparedness or project knowledge. Co-occurring
barriers highlight the importance of identifying and addressing
issues that may prevent newcomers from overcoming subsequent
challenges, as this prevents students from contributing effectively
to the projects of their choosing.

5 DISCUSSION
We investigated the barriers encountered by 13 teams and analyzed
their experiences after contributing to OSS. Our analysis reveals
key findings and implications relevant to OSS project maintainers
and educators who let students contribute to OSS as part of courses.

Interconnected Barriers. Most importantly, our analysis re-
veals insights about how various problems in OSS projects result
in interconnected barriers that combine to affect student contrib-
utors. While previous research has typically examined barriers as
single challenges [2, 33], our findings demonstrate how a combi-
nation of barriers can prevent students from contributing to OSS.
For instance, when maintainers exhibited low response rates (an
interpersonal barrier), students failed to resolve technical setup

issues or clarify contribution requirements, making these students
experience both technical and process-related barriers as well.

This interconnectedness is consistent with the observations of
Mendez et al. [18] that social barriers often precede and influence
technical ones in collaborative software development contexts, and
with the observation of Palomba et al. [22] that (interpersonal)
community smells influence the intensity of (technical) code smells.
Similarly, Steinmacher et al. [34] found that newcomers who en-
counter multiple barriers simultaneously aremore likely to abandon
contribution attempts than those facing isolated challenges.

The interconnected nature of the problems that create barriers
appears to be particularly impactful for student contributors operat-
ing within academic timeframes. Steinmacher et al. [33] identified
time constraints as a factor that affects newcomer contributions in
general, and our observations suggest that these constraints may
exacerbate the impact of barriers for students. For example, student
groups that experienced low response rates showed a markedly
lower success rate in achieving merged pull requests compared to
those who received timely feedback. Of the 17 pull requests submit-
ted by the eight groups reporting low response rates, only seven
were merged while 10 remained unmerged, highlighting the impact
of communication delays within academic timeframes.

Our findings suggest that OSS projects that are interested in
attracting student contributors should facilitate direct communica-
tion channels with maintainers. Projects utilizing platforms such
as Discord, Slack, or other online chat systems demonstrated better
success in our study, as these channels allowed students to receive
timely guidance from the OSS community when faced with chal-
lenges. This approach could help break the chain of problems that
leads from delayed responses to unresolved technical or process-
related issues and, ultimately, to unsuccessful contributions.

Project Health as a Predictor of Contribution Success. Our
analysis reveals how project activity, measured primarily through
commit frequency and maintainer responsiveness, predicts new-
comer contribution success better than project size or age. This find-
ing aligns with the work of Zhou and Mockus [45], who identified
responsiveness as a factor in newcomer retention by demonstrating
its critical importance specifically for time-constrained student con-
tributors. A reason this was the case may be that projects with high
activity levels often have better documentation, clearer processes,
and more responsive communities, creating favorable conditions
for successful student contributions. We recommend using commit
frequency as a practical proxy metric to assess the likely respon-
siveness of an OSS community when guiding students in project
selection. Our findings show that, for the students’ onboarding,
projects with more accessible and frequent collaboration are more
important than project maturity.

Cosentino et al. [5], observed that project “healthiness” indicators
should include not just size and popularity, but also activity patterns
and community responsiveness. Our findings strongly support this
broader conception of project health, particularly for assessing
suitability for newcomer contributions. Projects demonstrating
regular activity typically maintained better onboarding resources
andmore engaged communities, which proved particularly valuable
for students navigating their first contributions.

Our findings also corroborate those of Fronchetti et al. [12], who
found that project activity metrics, such as time to review pull
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requests, are important in attracting newcomers to OSS projects.
Our observations extend this understanding by highlighting that
responsiveness is particularly crucial not only for reviewing pull
requests but also for helping contributors overcome barriers to
contributing. In some cases, timely responses to questions about
development environment setup or code architecture proved deci-
sive in enabling students to make successful contributions despite
technical complexity.

Students in our study were specifically instructed to avoid large,
popular, and active projects to prevent disruptions, but at the same
time to choose an engineered, collaborative, and active software
project. This might have caused some students to pick projects that
were not very active. For educational contexts, these implications
are important. Prioritizing active projects with responsive main-
tainers may yield substantially higher success rates for student
contributions than selecting projects based primarily on technical
characteristics or domain relevance. This is also in line with the
findings of previous work on the integration of OSS projects in
software engineering education [24] regarding the selection of OSS
projects.

Are “Good First Issues” Actually Good for Students? Our
findings also raise important questions about the effectiveness of
“good first issue” (GFI) labels for student contributors. While six
of our 13 student groups explicitly cited the availability of such
labeled issues as a factor in project selection, our findings suggest
that these labels did not consistently lead to successful contribu-
tions. This aligns with the observations of Tan et al. [38] who found
that issues labeled as newcomer-friendly often lack adequate con-
text or contain tacit knowledge requirements that create hidden
barriers for newcomers. Steinmacher et al. [35] observed that many
GFI-labeled issues assume a level of project familiarity that new-
comers do not possess. Our findings support this observation, as
students frequently reported struggling with issues that were osten-
sibly designed for newcomers but required substantial contextual
understanding. For instance, a group noted that despite selecting
a GFI-labeled task in TEAMMATES, they still encountered signif-
icant problems in understanding how their contribution fits into
the broader architecture.

This suggests that newcomer tasks should not only be techni-
cally accessible but also contain clear contextual information and
be actively monitored by mentors. Our data support this more
comprehensive view of newcomer task design, as students who
received timely guidance on their tasks, regardless of GFI labeling,
reported more positive experiences and achieved higher success
rates. The mismatch between GFI labeling and actual newcomer
experience may be due to the understanding of project maintain-
ers, who may underestimate the knowledge required to complete
seemingly simple tasks. For student contributors in particular, who
may lack the project background knowledge to fill knowledge gaps
independently, this can transform supposedly accessible tasks into
significant challenges. These findings suggest that educational pro-
grams should approach GFI labels with caution and consider addi-
tional factors when guiding students toward suitable contribution
opportunities. Instructors may need to perform additional vetting
of GFI-labeled issues to ensure that they truly align with student
capabilities and course timeframes, rather than relying solely on
project-provided labels.

Student-Specific Barriers and Experiences. Our study iden-
tified two previously undocumented barriers affecting student con-
tributors: “Conflicting Mentor Guidance” and “Communication
Channel Ambiguity”. While these barriers might potentially affect
other contributor types, they are also impactful in educational con-
texts where students engage with OSS through structured academic
programs rather than organic community participation.

“Conflicting Mentor Guidance” emerged when students received
contradictory feedback from different project mentors, creating un-
certainty about the correct approach to address problems. This bar-
rier highlights an issue in distributed mentorship models common
in OSS projects [8]. While experienced developers might reconcile
conflicting feedback through their own judgment, students with
limited domain knowledge often struggle to determine which guid-
ance to follow, leading to delays or misaligned contributions. This
issue may be especially problematic for students because of their
academic context, where they typically work under strict deadlines
and expect authoritative guidance similar to what they receive in
coursework. Ford et al. [11] observed that newcomers with less
confidence in their technical abilities (a common characteristic of
students) are more likely to be negatively affected by ambiguous or
conflicting guidance, which further supports why this barrier may
impact student contributors.

“Communication Channel Ambiguity” occurred when students
encountered unclear or incomplete information on how to access
project communication platforms, effectively isolating them from
community support. While previous research has identified commu-
nication challenges related to language or cultural differences [33],
this barrier specifically relates to structural access issues that pre-
vent newcomers from even initiating communication. For students
with limited exposure to the variety of communication platforms
used in professional software development (Discord, Slack, mail-
ing lists, etc.), this ambiguity created significant impediments to
seeking help. This barrier relates to what Canfora et al. [3] termed
as ’YODA’, where they try to identify and recommend mentors
to newcomers joining the project to enable them to onboard in
a hassle-free way. Students may be particularly affected by this
barrier due to their limited professional experience in navigating
the diverse communication ecosystems found in OSS communities.

These barriers may be particularly significant for students due to
their unique position within OSS projects. Unlike voluntary contrib-
utors, who might have more flexible timelines or professional de-
velopers with broader industry experience, students operate within
academic courses with firm deadlines and evaluation criteria. This
creates a distinct contribution context that shapes how students
experience and respond to barriers.

Intrinsic Motivation and Contribution Persistence. Our
finding that groups selecting projects based on personal interest
demonstrated higher success rates in having their pull requests
merged highlights the role of intrinsic motivation in helping stu-
dents persist through contribution challenges. This aligns with
self-determination theory [27] and extends work by von Krogh
et al [43] on motivation in OSS contribution by demonstrating
its particular importance for students operating under academic
constraints. Gerosa et al. [13] found that newcomers whose moti-
vations align with project values show greater persistence when
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faced with barriers. Our data supports this, as students who se-
lected projects based on interest or alignment with their personal
goals demonstrated greater resilience when encountering obstacles.
For example, one group contributing to JabRef persisted through
multiple rounds of feedback and revisions, explicitly citing their
interest in the project’s purpose as motivation for continued effort.
This observation is related to the findings of Trinkenreich et al. [40],
who identified the alignment between contributor goals and project
opportunities as a key factor in successful OSS onboarding. For
students whose contributions are partially extrinsically motivated
by course requirements and grades, the addition of intrinsic mo-
tivation appears to provide the necessary resilience to overcome
barriers to contribution.

5.1 Implications
Our results hold implications for both students, maintainers, and
educators who want to teach similar courses.

Student Contributors. For students who seek to contribute
to OSS, it’s important to highlight the following rules. Given the
scope of this study, these rules are targeted at student contributors;
however, some may also apply to junior contributors.

• First, students should prioritize projects with high commit
frequencies and responsive maintainer communities when
selecting contribution targets, as we believe those charac-
teristics helped students avoid barriers, allowing them to
receive help from maintainers and have their pull requests
merged.

• Second, while programming language familiarity provides a
good start, students should recognize that it alone does not
eliminate barriers related to domain complexity and archi-
tectural understanding. Students may need to invest addi-
tional time to understand the project architecture, regardless
of their language proficiency. The presence of complexity
barriers despite language familiarity indicates that effective
onboarding requires more than just matching contributors
with projects in familiar languages.

• Third, encouraging students to select projects aligned with
their personal interests appears to be very helpful, as groups
who reported intrinsic motivation reported less impactful
contribution barriers.

• Fourth, students should identify and connect proactively
with specific project mentors rather than relying on general
community support. In line with the study by Trainer et
al [39], forming direct relationships with established con-
tributors can significantly improve onboarding experiences.
Students who established direct communication channels
with specific maintainers reported fewer barriers overall in
our analysis.

Combined, these four recommendations will help set up students
who are looking to contribute to open-source, and should help
increase the success rate of student contributors.

Educators. For teachers who teach similar courses, our findings
emphasize the importance of project selection. As Singh [31] noted,
the success of educational OSS programs depends heavily on the
selection of projects that can accommodate student timelines and
learning needs. Our findings reinforce this observation and suggest

specific metrics (commit frequency, response rates) that instructors
might monitor when selecting potential projects. Second, educa-
tional scaffolding should prepare students for the interconnected
nature of contribution barriers rather than address technical, in-
terpersonal, and process challenges in isolation. This aligns with
the recommendations of Feliciano et al. [9], who advocated for
a comprehensive preparation that covers both the technical and
social aspects of OSS contributions. Our findings suggest that such
holistic preparation is indeed necessary, given the co-occurrence
of different barrier types in student experiences. Third, allowing
students greater freedom to select projects to foster intrinsic mo-
tivation may yield better results than a strict assignment based
solely on technical criteria. This approach is supported by work
from Murphy-Hill et al [19], who found that developer autonomy
positively correlates with contribution quality and persistence in
software development contexts.

OSS Project Maintainers. For OSS maintainers interested in
attracting student contributors, our findings highlight the partic-
ular importance of responsive communication and clear access to
community platforms. The significant impact of low response rates
on student contributions suggests that projects might benefit from
dedicated “office hours” or accelerated review processes for student
contributions, acknowledging the time constraints under which
students operate. In addition, explicit documentation of commu-
nication channels and contribution processes can help mitigate
student-specific barriers identified in our study. Turzo et al. [41]
proposed that OSS projects should develop specific “newcomer jour-
neys” that recognize the varied backgrounds and needs of different
contributor types. Our findings support this approach, suggest-
ing that student contributors in particular benefit from structured
pathways that account for their academic constraints and learning
objectives. Maintainers should also be aware of the potential impact
of conflicting guidance on student contributors. As Steinmacher et
al. [35] noted, mentorship coordination is particularly important
for newcomers with limited domain knowledge. Our identification
of “Conflicting Mentor Guidance” as a distinct barrier reinforces
this recommendation, suggesting that projects interested in student
contributors should establish mechanisms for coordinating mentor
feedback.

6 STUDY DESIGN TRADE-OFFS AND THREATS
TO VALIDITY

We reflect on the principal limitations and methodological trade-
offs of our study, following Robillard et al.’s recommendations for
transparent reporting in software engineering research [25]. We
first discuss major design decisions, their implications, and then
enumerate other threats not framed as trade-offs.

Data Source: Student Reflections vs. Direct Observation.
Decision Point: We analyzed structured student reflection reports as
our main data source, rather than direct observation or interviews.
Alternatives: Real-time observation, mixed-methods, or periodic
diaries. Trade-off and Rationale: Reports fit the pedagogical struc-
ture, minimize intrusion, and capture contemporaneous student
perspectives. However, they may omit unrecognized or forgotten
barriers. Implications: Some subtle or transient challenges may go
unreported. We partially mitigate this by triangulating subjective
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reports with objective outcomes (e.g., pull request status, project
metadata) and using a structured reflection template to encourage
comprehensive reporting.

Sample Size and Context: Educational Assignment vs. Nat-
uralistic OSS Participation Decision Point: Our study focused
on 13 teams in a single master’s level course at one university.
Alternatives: Larger or multi-institutional studies, or sampling vol-
untary OSS participation. Trade-off and Rationale: A single-course,
small-sample design enables in-depth, consistent analysis and direct
linkage to assignment context, but limits generalizability beyond
this setting. The controlled environment minimizes confounding
factors but sacrifices coverage of the full range of OSS education
or volunteer contexts. Implications: Findings are best interpreted
as representative of structured course-based OSS assignments. To
support transferability, we provide detailed context and project
criteria. Broader studies are needed for wider generalization.

Analytical Framework: Prior Taxonomies vs. Open Coding
Decision Point: Coding was grounded in the framework of Balali
et al. [2], while permitting emergent codes. Alternatives: Fully in-
ductive (open) coding or strictly deductive analysis. Trade-off and
Rationale: Using a prior taxonomy ensures alignment with estab-
lished literature and facilitates comparison, but risks overlooking
student-specific nuances. Allowing new codes adds flexibility, but
introduces some subjectivity. Implications: Our hybrid approach
increases both rigor and sensitivity to context. Consensus coding
and detailed notes mitigate interpretive bias.

In addition to these explicit trade-offs, several broader threats
remain:

Social Desirability and Course Incentives. Because the re-
ports were graded and visible to instructors, some responses may
reflect what the students believed was expected or academically
appropriate, which may have led to under-reporting of negative or
personal barriers.

Language andCommunicationConstraints.All reports were
written in English, which is not the native language ofmost students.
This may have limited the expression or nuance of some reflections,
especially on personal or interpersonal topics.

Framing and Confirmation Bias. Students were prompted to
reflect on barriers and introduced to a specific theoretical frame-
work, which may have primed them to emphasize certain experi-
ences or categories while overlooking others.

Missing Non-Participation Data. Our analysis does not in-
clude students who dropped the course, disengaged, or failed to
submit reports. Barriers leading to non-completion are thus under-
represented.

7 CONCLUSIONS
This study identified and analyzed the barriers faced by students
contributing to OSS projects as part of a structured academic as-
signment. Through a systematic examination of 13 student group
reports, we observed that, while students encounter familiar tech-
nical and process-related barriers, they also face unique challenges,
including conflicting mentor guidance and ambiguity in communi-
cation channels, which are not fully captured by existing barrier
frameworks. Our findings show that project activity (commit fre-
quency) is a stronger predictor of successful contribution than

project size or age, and that students motivated by personal interest
experience greater persistence and success. Future research should
explore a broader range of educational contexts and adopt longi-
tudinal or mixed-methods designs to better capture the evolution
and resolution of barriers over time.

DATA AVAILABILITY
The materials in this research, including the assignment descrip-
tion and project characteristics, are available as supplemental ma-
terial https://doi.org/10.6084/m9.figshare.30229774.
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