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Abstract—This Innovative Practice Work in Progress paper
reports on our experience scaffolding student success in the
uncertain landscape of open source. Following participation in
a faculty workshop on the subject, the first author spent two
consecutive terms developing, teaching, and revising an upper-
division open source software course. The difference between
the two course offerings was astounding; students enrolled in
the second iteration made more successful project contributions,
spent more of their own time working outside of class, and
felt a greater connection to both the project and the developer
community of which they were a part. We detail our experiences
here, with particular focus on the importance of project selection
– as well as the revisions we believe to be most responsible
for improvement: additional mentorship, supplemental in-class
tutorials, more dedicated class time for teamwork, intentional
team groupings, and access to large screens for collaboration.
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I. INTRODUCTION

Teaching open source software development has gained
traction in undergraduate curricula for many reasons: students
learn to use real-world tools/processes, build portfolios of
project contributions, and function within a distributed profes-
sional community [1], [2]. Open source also provides a clear
avenue for students to have a positive and tangible impact on
society, something that is known to be relevant to broadening
participation in computing [3], [4].

Open source contribution also showcases an application of
computer science that students may not have been aware of
prior. At the upper-division course level, this is especially
important, as students are about to decide whether they will
seek a career in computing post-graduation [5].

We became interested in teaching open source after one of
the authors volunteered at a workshop through OpenHatch’s
Open Source Comes to Campus program [6]. The workshop
was held at a different diverse, minority-serving institution
than her own – and she observed how motivating it was for
these students to learn real-world tools and contribute to a real-
world project. Soon after, we discovered Foss2serve [7], an es-
tablished community of educators and researchers supporting
student involvement in humanitarian open source projects. We
also learned of POSSE (the Professors’ Open Source Software

Experience), which is a professional development workshop
offered by RedHat and Foss2serve to support faculty new to
teaching open source.

The first author participated in two POSSE workshops,
during which she gained experience with open source tools
and helped to develop curriculum and activities for college
classroom use [8], [9]. She learned from faculty at a variety
of institutions who were integrating open source into their
computer science courses and began envisioning how she
might teach such a course of her own. Upon starting her first
tenure-track position, she was invited to do exactly this.

Over the course of two consecutive terms, the first au-
thor developed, taught, and heavily revised an upper-division
course entitled Open Source Software Engineering. She lever-
aged a wealth of existing activities and resources in designing
the course [7], was supported with real-time mentorship as
she ran the course (from other faculty involved with POSSE),
and secured sustained professional mentorship for her students
(from the Mozilla DevTools project).

The difference between the two terms was tremendous.
Most notably, student project contributions increased from a
25% success rate in the first iteration to 100% in the second
iteration. As a result of the course’s success, it was added to
the department’s permanent course catalog. In this paper, we
detail our experiences across these two terms and the revisions
that we believe to be responsible for the improved student
experience and outcomes in the second iteration.

II. RELATED WORK

There exists a growing body of research on undergraduate
engagement in free and open source (FOSS) projects, espe-
cially humanitarian free and open source projects (HFOSS).
It has been well established that involving students in open
source communities offers a valuable opportunity for students
to learn within a community of practice, gain experience with
practical tools (e.g. version control systems, bug trackers),
build a portfolio, and contribute to a real-world project [10],
[11], [12]. Contributing to an open source project also helps
students cultivate “soft” skills such as public speaking, project
management, delegation, and working with a team.

HFOSS projects, in particular, have been a deliberate choice
for many educators because these communities are typically



welcoming and supportive to newcomers [13]. It is suspected
that these communities also attract participation from women
and other underrepresented minorities, due to their social
impact [14]. Additionally, the altruistic nature of humanitarian
open source contribution lends itself to service-learning [15].
Teaching open source also offers instructors the chance to
model a growth mindset and to foster a sense of belonging
within a professional community – also of great relevance to
broadening participation [16], [17], [18].

Teaching open source, however, presents many curricular
challenges: community leadership can take unexpected turns,
projects vary in size and complexity, and student learning can
be difficult to assess [1]. Our work puts the aforementioned
research into practice and reports on what we have learned;
scaffolding student learning in such an unpredictable context
is challenging, but thoughtful planning and revision can have
a dramatic positive impact on outcomes.

III. COURSE OVERVIEW

Although our course is titled Open Source Software Engi-
neering, the emphasis is much more on open source than on
software engineering practices. The first half of each term is
spent on history, etiquette, culture, and tools – and the second
half is spent diving into an active open source project.

The first offering consisted of 16 students (14 male, 2
female) and the second offering consisted of 12 students
(10 male, 2 female). Both classes represented a wide range
of experience, as some students had only taken CS1 and
CS2 while others had completed a variety of upper-division
coursework. An overview of the two offerings appears below.

A. Term 1

We leveraged the Foss2serve library of activities for the
first half of the course, guiding students through licensing,
candidate project evaluation, version control with git, commu-
nication tools (such as IRC and Slack) and more. Students
completed these exercises in pairs, in class. We also required
students to make GitHub accounts and, after an in-class crash-
course on HTML and CSS, students practiced fixing up a
buggy GitHub Pages site that was created in advance. Several
GitHub “issues” were generated for students to claim and
work on, to help learn the GitHub workflow and to practice
HTML/CSS. (This activity was borrowed from OpenHatch.)

Weekly reading was assigned from either The Cathedral and
the Bazaar [19] or The Art of Community [20]. Students were
required to create blogs and to post reading responses there.
A few group discussions were held in class on related topics.

For the second half of the term, we embedded all students in
the same open source project rather than each team selecting
their own project. Students weren’t very excited about this
approach, but we felt that it would be easier for us to support
them – and for them to support one another. We solicited
suggestions through the Teaching Open Source [21] mailing
list and learned of others’ positive experience engaging with
the Mozilla Firefox DevTools community [22] and, more
specifically, with the debugger.html project [23]. We connected

with two other faculty members teaching with DevTools and
together we worked with the debugger.html community to
identify candidate bugs for our students. Motivated by a desire
to engage students in HFOSS, we selected bugs under the
umbrella of accessibility.

Students were divided into teams of four. We grouped
students according to their own preferences and who we
thought would work well together. One consequence, however,
was that most teams reflected a broad spectrum of prior ex-
perience. We instructed students to assign themselves relevant
homework between class meetings – e.g. tutorials, testing, or
bug research – and asked that they reserve class time for team
collaboration. Students completed bi-weekly team evaluations,
in which they ranked themselves and each of their teammates
on metrics like regular attendance, leadership, and attitude.
(This tool was shared with us by a faculty collaborator.) These
were treated as confidential and allowed a window into any
interpersonal challenges early enough to intervene.

Students were required to join the Open Source Software
Engineering channel on the department’s Slack team, which
was created and is managed by teaching assistants (TAs). Each
team was also asked to create their own Slack channel, in
which they would briefly report out in writing at the start and
finish of each class. This was inspired by scrum/standup meet-
ings; each student had to share what they accomplished outside
of class and what they would spend class time working on that
day. This gave students experience with industry practices and
tools and also helped guide the instructor as to which teams
needed help getting unstuck. This practice also held students
accountable, as teammates would be disappointed if someone
had not done any work between course meetings.

During class, teams worked – sometimes altogether, some-
times in pairs – to make progress on their chosen bug.
This often involved posting to communication channels used
by the debugger.html project, including Slack and GitHub.
Through our community interactions, it became apparent who
a couple of particularly helpful Mozilla developers were, and
we leveraged their support through the rest of the term.

The debugger.html project is built in React [24], which is
not covered anywhere in our departmental curriculum. No
structured support was provided for learning React; instead,
each team sought out materials to learn the basics, and
sometimes students shared resources across teams.

Three out of four teams got so far as to submit pull
requests on GitHub. However, only one team’s contribution
was accepted and merged. The other teams got stuck in the
review process – or in one case, were unable to even fully
solve/address the bug they had been working on all term.

B. Term 2

We made significant changes to the course, both in response
to student feedback and our own observations. We also hired a
TA who had previously taken the class and was able to provide
feedback based on his experience as a student in the course.
Below, we summarize the major changes.



Students reported getting little out of the readings from
The Art of Community, so we dropped that textbook. Because
discussions had been sparsely participated in, we spent less
class time on them and instead asked students to reflect deeper
in their blog posts. These changes won more class time for
working in pairs or teams.

Students from the prior term struggled with learning React
and expressed frustration with each team discovering the same
resources on their own. In response, the instructor asked the
course TA to develop and lead a walkthrough in which students
built a barebones blog using React. We also created a shared
virtual bulletin board (using Trello [25]), where students
posted resources that their classmates might find useful.

We chose to involve students in the same project as before:
debugger.html. This time, students were grouped with those
of similar experience level, allowing each team to choose an
appropriately challenging bug to tackle. Students were also
grouped in teams of three instead of four, as we suspected this
might lead to more consistent communication within teams.
Teams did collaborate more effectively this way, with each
member contributing more equally to conversations and to
code.

The Mozilla developers that we encountered in Term 1
brainstormed with the instructor about how to better support
students through the contribution process. We decided to
identify smaller issues – or even subtasks of issues – for teams
to claim, even if it meant shifting focus beyond accessibility.
We also established a separate Slack channel on the DevTools
team, which both the students and the developers joined. This
offered a less intimidating venue for students to ask questions.
Students were required to cross-post their scrum reports in this
channel, so that the developers could track their progress in
greater detail. We believe that this gave students’ self-assigned
homework a greater weight, as they were reporting to real-
world developers, and not just to their college instructor and
classmates. We also added in-class standup meetings on a
weekly basis, in which teams would report out to one another
on their progress and share learned expertise.

The teams of three grappled initially with how to collaborate
during class; no longer could they divide-and-conquer by
splitting into pairs. They began making use of large portable
screens in the classroom, which they wheeled to their desk
clusters and took turns connecting their laptops to. This facil-
itated much richer discussion about each team’s progress, as
teams could analyze code, write code, or sift through resources
together. Instead of watching pairs head-down at their laptops,
we saw teams engaging in lively discussion, moving around
and using the screen as a prop. This also made it easier for the
instructor to circulate throughout the classroom and monitor
each team’s progress, joining their discussions when helpful.

Towards the end of the course, the Mozilla developers who
were supporting our students offered to schedule a video call
during class time. We structured this call as a standup meeting,
during which each team reported out on their weekly progress
and had the opportunity to receive real-time feedback. Students
were also able to ask the developers about their personal

experience getting into open source.
Each of the four teams made at least one successful con-

tribution to the project. One team made three, spanning both
code and documentation!

IV. STUDENT FEEDBACK

We asked for informal feedback throughout both terms in
which the course was offered. In Term 1, students expressed
a large degree of frustration and confusion (although they
responded to it with a constructive attitude), while students
in the second term openly and enthusiastically affirmed that
they were having a positive learning experience. Unsolicited,
the instructor received the following from a student via email,
about halfway through Term 2:

“So far I am genuinely enjoying the course.
The work is not too overwhelming and it feels
manageable. I really like how we are encouraged
to try things and learn on our own. It is building my
confidence as a woman in computer science.”

We also received valuable feedback on the course through
students’ course evaluations, submitted at the end of each term.
A couple of comments following Term 2:

“I did learn a lot. I feel much more comfortable
with my computer, with web development, with open
source, with communicating, with teamwork, and
everything we touched on in class.”

“I learned more about open source development
than I even expected to in this course. I think the
idea of having students contribute to a real piece of
software is amazing and it is a piece of software that
millions of people, including myself use. Interacting
with the Firefox community was very educational
both in a coding aspect and in a... well, community
aspect.“

Comparing quantitative evaluation data, students from Term
2 spent more hours per week on the course, reported learning
more, and rated the course higher overall.

V. REFLECTIONS & RECOMMENDATIONS

It may seem obvious that a course should improve in its
second offering, due to the instructor’s increased familiarity
with the material/structure and access to an experienced TA.
However, this course improved dramatically, and despite a
continually shifting context. Below, we summarize what we
believe to be the most influential factors.

A. Project Choice

Project choice is arguably the most foundational factor
in the success of any class structured around open source
contribution. We recommend, when possible, embedding all
students in one project/community; this allowed the instructor
to understand and support student progress while also staying
in touch with a single set of community leaders. As is em-
phasized by Foss2serve, we also recommend verifying that the
community is highly active and welcoming to newcomers; this



will ensure that students receive timely, constructive responses
to questions and pull requests. In our case, debugger.html’s
active Slack channel also meant that students could observe
community norms before wading in themselves.

B. Team Formation & Tools to Support Collaboration
After attempting two different strategies for assigning teams,

we feel strongly that it’s best to group students with others of
similar experience level. This way, less experienced students
do not fall behind or lose confidence – while more experienced
students can take off and run with a more difficult problem.

As time permits, the more experienced teams can also
provide support to those that are stuck. This is easily facilitated
by the addition of class-wide standup meetings, during which
stalled teams can solicit help. We also recommend team-
specific Slack channels for communication/reporting, along
with a class-wide channel for students to ask questions and
share resources between class meetings.

Finally, a team size of three – along with access to large
shared screens – encourages lively discussion and equitable
collaboration within each team.

C. Structuring Unfamiliar Tools & Technologies
Although having to learn new technologies – React, in this

case – was not the insurmountable obstacle we expected it
to be, it really helped to provide some structure around this
in the second term. We recommend providing infrastructure
for students to share resources, as we did with Slack and
Trello. We also recommend offering project-specific demos
and/or walkthroughs for students to build experience with any
required tools or technologies. We believe that these things
empowered students to more efficiently and confidently jump
into working on their bug/issue. (Note that this did not deprive
students of the opportunity to feel “productively lost”; there
was still plenty of independent learning to be done!)

D. Professional Mentorship
Professional mentorship was a vital thread running through

the entire course experience. We believe this to be, perhaps, the
most influential factor in the course’s improvement. When the
Mozilla developers became more involved in Term 2, students
responded with greater motivation and a stronger sense of
accountability. Although many students initially found it intim-
idating to communicate directly with the developers, doing so
pushed them to practice communicating with professionalism
and specificity. These developers modeled a growth mindset;
not always having the answers, but coaching students through
finding resources and learning on the fly. They provided
continuous and timely feedback via Slack and GitHub, doing
so with proficiency, patience, and encouragement.

Students responded especially positively to the standup
video call that we did towards the end of Term 2. Knowing
the call was on the horizon motivated them to make progress
as a team and to generate interesting questions. Additionally,
they valued seeing that the developers were people that they
could relate to; approachable individuals who once had very
little experience with open source themselves.

The instructor also benefitted from mentorship – both from
the developers (with whom she could check in about student
progress and impact on their community) and from other
faculty teaching open source (who offered mutual support and
years of experience). This mentorship helped her to maintain
a growth mindset as she guided students through unfamiliar
content and processes.

For the above reasons, we emphatically recommend reach-
ing out to others teaching with open source, as well as securing
mentorship for your students within your chosen project.

VI. FUTURE WORK

Although we are confident that students learned more in the
second offering of the course, assessing actual student learning
in open source is challenging. In the case of this course, each
student entered with a different level of experience, and it
was important to us that students make progress relative to
their own starting points. Blogs allowed a window into each
student’s process, but students did not seem motivated to com-
plete these assignments thoughtfully nor in a timely fashion.
Students echoed these sentiments in their course evaluations,
along with an explicit desire to be assessed on their technical
contributions. Adding an assessment of students’ concrete
technical contributions would serve as a good motivator in
future offerings.

Given the positive response from our single standup scrum
video call in Term 2, we believe scheduling those meetings
more frequently would be beneficial – and the developers
volunteered to do so in a future course offering.

Finally, a term-length course is barely long enough for
students to dip their toes into an open source project. Many
students have indicated interest in continuing their involvement
in debugger.html and the instructor will be advocating for this
to become an option for satisfying her department’s senior
project requirement.

VII. CONCLUSION

Open source is an uncertain and constantly shifting land-
scape within which to situate an undergraduate class – but
the benefits are vast when well-executed. It is tricky to
get right; despite participation in professional development
workshops and connection with more experienced colleagues,
students in the course’s first offering were less successful
than we would have preferred. The second offering resulted
in substantially higher student success and we believe these
gains were attributable primarily to thoughtful team formation,
structuring unfamiliar tools and technologies, and professional
mentorship. We hope that these findings are of use to others
setting out to teach similar courses.
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