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Abstract

In this paper, we reflect on the first semester of a Computer Science
capstone course focused on civic engagement projects. This was offered
as an alternate section of an existing capstone, with multiple student
teams working with a local non-profit. We describe how the student
work was structured during the semester, as well as the activities leading
up to the semester and occurring immediately after the semester. We
also reflect on what worked well, and discuss potential changes in future
semesters. We believe this will be helpful to other faculty that are either
starting a new capstone course, or modifying an existing capstone course,
that will engage community partners with student teams.

1 Introduction

Starting in Spring 2024, the Computer Science Department at Appalachian
State University introduced a special section of its capstone course focused on
civic engagement projects—projects with a client (in our case, a local non-
profit) selected from the surrounding community. Civic engagement is an
informal approach to experiential, service learning. Service learning has its
philosophical and pedagogical roots in the work of Dewey [5], Freire [6], and
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Kolb [8]. A key tenet is abandoning the idea of education being a “banking pro-
cess" that fills students with knowledge and facts. Instead, education is viewed
as a reciprocal relationship where teachers also learn and learners also teach.
This approach can support deep learning as students work up Bloom’s taxon-
omy [1] synthesizing classroom knowledge in practical and local settings. Stu-
dents benefit in multiple and varied ways, including academic knowledge and
skills, interpersonal communication skills, and increased self confidence [13].

In this paper, we reflect on our initial experience in adding a civic engage-
ment section of our capstone course. Many students enter college with idealistic
ambitions of changing the world. Sometimes these ambitions can become lost
in the curricular routine of assignments and short-lived, academic projects.
Capstone courses offer students an opportunity to revisit those early ambitions
with more skill and knowledge, while adding a service-learning component af-
fords students an easy entry to working on a fulfilling project with a positive,
immediate, and direct impact on an observable community organization. We
start in Section 2 by describing the preexisting capstone course. Section 3
then provides details about the civic engagement section of the capstone, in-
cluding what was done before the semester began, student and faculty tasks
during the semester, and student reflections on their work once the semester
concluded. Section 4 summarizes the results of an informal survey sent to a CS
education mailing list to solicit information about similar capstones in other
programs, while Section 5 highlights some existing research on capstone courses
in computer science and software engineering (including some highlighted by
responses to our survey). Section 6 concludes by reflecting on what worked
well and what modifications may be made in future semesters to overcome dif-
ficulties encountered during the Spring 2024 semester. Our hope is that this
paper will be helpful to faculty in other programs that are considering starting
such a capstone or that have recently started such a capstone.

2 Background

The current capstone course, CS 4800, is generally taken by undergraduate
students in their final year in the program. The catalog description of the
course is: "The senior capstone project provides the student an independent
and collaborative software development experience with a significant project.
The course introduces aspects of project management, requirements analysis,
and the software lifecycle, but will primarily be concerned with the practical
integration of core theories, practices, and ethics of the discipline. Writing
and speaking communication skills are reinforced." Students enrolling in the
course must have senior standing, and must have already taken the Software
Engineering and Data Structures courses, the latter of which is also a gateway
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to many of our upper-level electives. Typical enrollment is around 20 students
per section. The course meets for 3 hours once per week. During this time,
students generally give status updates, present the current status of their work,
and work on their projects. Although students are expected to also work on the
projects outside of class, the class session provides dedicated project time each
week, which can be especially helpful if they are stuck and need assistance from
the instructor. Having the full team together in person also helps re-center the
team as students often have challenges in aligning their out-of-class schedules.

Students in a typical section of CS 4800 work on personal, self-selected
projects. Most students work on individual projects, but occasionally students
with shared interests work on teams of 2 or (more rarely) 3 students. Early in
the term, students propose a project idea which, if approved, they work on over
the course of the semester. The technologies are up to the students, and vary
based on student interests and the type of project. Core courses in the program
use Java, C/C++ and SQL, with other common languages including Python,
JavaScript, Swift, and Kotlin (depending on which other courses students take).
While many students use these languages, and the techniques used in earlier
courses, some students use the capstone as an opportunity to learn a new
language or platform. Several checkpoints, including a final report and a final
project presentation, occur throughout the semester. Common examples of
projects from past semesters include games, personal assistants, and utilities,
with console, GUI, web, and mobile applications all being common choices. The
typical capstone project starts and ends during the academic term. In some
cases students may begin with an existing personal project, and the capstone
would continue building on what they had already developed.

3 The Civic Engagement Capstone

In this section, we provide details about the Spring 2024 civic engagement cap-
stone section. We look at activities before the start of the semester, including
the inception of the civic engagement section; describe the activities of the cap-
stone during the semester; and look at the results of the semester, including
client and student feedback.

3.1 Before the Semester

During the Fall 2023 semester, we were approached by an employee of the
non-profit that we worked with in the capstone. They had received a grant
to expand their services and wanted technology assistance to develop a client
portal. Shortly after this, the university Center for Excellence in Teaching and
Learning for Student Success sent out a Request for Proposals, focused on inte-
grating civic engagement into a course. Inspired by this RFP, we decided to add
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a special section of our capstone course focused on civic engagement projects.
Although the immediate goal was to teach a special section in Spring 2024,
the longer-term goal was to continue this work into future semesters, providing
a mechanism for students to get involved in team projects with community
partners that often have a lifetime of more than a single semester. In contrast
to the projects described in Section 2, these projects would not be created
by the students, but would instead be based on the needs of our community
partners, and would (except in unusual circumstances) all be team projects.
We applied for the RFP and were awarded funds to help cover small stipends
for the faculty involved, to purchase technology books for the students, and to
travel to speak with other faculty working on similar capstone courses.

3.2 During the Semester

The capstone course met a total of 14 times over the course of the Spring
2024 semester. Faculty met with two possible clients before the start of the
semester: a community partner (the local nonprofit mentioned above, which is
the focus of this experience report) and a startup. During week 1, the instructor
presented initial details about the clients and their needs, then worked with
the students to develop questions for each client for a planned client visit.
This occurred during week 2, with each client visiting the course, presenting
further details about their needs, and answering questions from the authors
and the students. After the clients departed, the instructor and the students
decomposed the overall work for each client into multiple projects: five for the
community partner, and two for the startup. The projects for the nonprofit
were an API backend server, a web client, and three mobile clients: an Android
client, an iOS client, and a cross-platform client (added to explore the design
space of possible mobile solutions). Students then ranked their interest in each
project in a survey form and were assigned to teams based on their responses.

Week 3 then started the actual work on the projects. 17 students were
divided into 5 teams for the nonprofit: 3 students on each mobile project,
and 4 on the API server and web client projects. Each student project was
organized according to Scrum principles, with two week sprints, self-directed
student teams, and the instructor acting as the Scrum Master, helping students
follow best practices. During the first week, each team spend class time to
get organized for the rest of the project. The instructor created teams for
each student team on GitHub. Each team then created one or more GitHub
repositories for code collaboration, and created GitHub project boards to track
their work. They also started planning the actual work of the project, creating
initial issues to represent team tasks and making initial decisions on technology
(e.g., the technology stack they would use) and teamwork (e.g., collaboration
workflows for effectively using GitHub). This was the start of Sprint 1.
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Each week, before class, each team submitted a single status report. These
reports were submitted by creating a document on a shared folder, with the
goal of providing a history for future semesters. Each class meeting started
with a Scrum standup meeting, where each team could describe what they
had accomplished over the past week and what issues were preventing them
from making progress. Class meetings then ended with details of what the team
planned to accomplish over the next week. During class time, teams could work
together on their projects and meet with the clients. Every other week, the
teams would present the current state of their project, with the goal of quickly
moving towards a minimal viable product that would provide a basis for future
work. Meetings with the community partner were either held over Zoom or were
asynchronous, with the teams coordinating to email collections of questions
instead of each emailing the client individually. Meetings with the startup
were held either in-person or over Zoom. Student teams communicated using a
Discord server created by the instructor or using other preferred communication
mediums (e.g., text messages, other Discord servers, email).

In the week before the final class meeting, the student teams focused on
ensuring the project was in a good state to be picked up by the next teams
in the fall. The semester then ended with the submission of a project report
(built over the course of the semester, with the instructor giving feedback at
multiple checkpoints) and final project presentations by all teams, which were
attended by the clients. Each student team also met individually with the
instructor for a more detailed project demonstration and in-depth discussion.
In general, students made good progress on individual projects, but work on
linking the projects (e.g., the website to the backend API server) has mainly
been deferred to Fall 2024.

3.3 After the Semester

At the end of the semester, a student survey with the following questions was
sent out to all students in the civic engagement section of the capstone:

Q1 What teamwork skills did you improve, or learn, during the project?

Q2 How effective do you believe your team was? (1 to 5 scale, 1 is dysfunc-
tional, 2 is ineffective but functional, 3 is sufficient, 4 is effective, 5 is
highly effective)

Q3 What do you believe could have been done better to help your team work
together more effectively?

Q4 What technical skills did you improve, or learn, during the project?
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Q5 What do you believe could have been done better to help you learn new
technical skills during the project?

Q6 How much communication was there with the other teams? (1 to 5 scale,
1 is Not Enough, 3 is Just Right, 5 is Too Much)

Q7 How much communication was there with the client? (Same scale as Q6)

Q8 Did communication with the client come at the right times? (1 to 5 scale,
1 is at the wrong times, 5 is at just the right times)

Q9 How did you communicate with the client? (Email, Text, Telephone, Dis-
cord, Zoom, In Person, or Other, multiple answers allowed)

Q10 What could be done in the future to improve communication with exter-
nal clients? What worked well, and what could be done differently?

Q11 Feel free to share any other thoughts about your experience working on
your project.

Students could only respond once to the survey, but student emails were not
revealed as part of the collected data so responses were anonymous.

Of the 23 students in the class, 7 responded to the survey. Note that
some of these responses may have been from the students on the projects with
the startup—while still useful, they do not bear directly on the experience
of the students working with the community partner. The students gave their
teams an average effectiveness of 3.43 (question 2). Looking at communication,
respondents gave average ratings of 2.43 for question 6 (communication between
teams, with 3 being “just right”), 1.71 for question 7 (communication with the
client, same scale), and 2.57 for question 8. All students selected "email" as
one communication option, with all but one also selecting Zoom. One common
theme was the importance of communication with the client, and the need for
more regular, scheduled times to meet. Comments included “I think it would be
very helpful if the client worked closer with the groups”, “Meeting with them in
person more often”, and “I think having more face to face or zoom calls would
be helpful”. We discuss this further in Section 6.

We also met with the community partner for a debriefing session. In general,
they were excited about the progress the students made during the semester.
They were especially happy with the coordination of the teams around visual
elements, such as the use of the same fonts and color schemes that they use in
their materials. They had several ideas for additional features, and committed
to staying involved during the Fall 2024 semester.
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4 An Informal Capstone Survey

To identify other programs that offer project-based courses with external clients,
especially those that have projects that extend across semesters, we sent a sur-
vey to the ACM SIGCSE (Special Interest Group in Computer Science Edu-
cation) mailing list. Note that the survey was intentionally kept quite short
and informal—our goal was to make it easy to respond, giving us a chance
to gather some initial information which could then be enriched with future
conversations. This survey included the following questions:

Q1 Does your undergraduate degree require students to take a capstone course
near the end of their time in your program? Note that this may be called
“Capstone”, but could also be a project-based course under another name.

Q2 If you answered “Yes” to Question 1: Do you allow your students to work on
projects with community partners and other outside individuals and/or
organizations?

Q3 If you answered “Yes” to Question 2: Do you have projects that last for
more than a single term/semester?

Q4 Would you be willing to either have a short conversation over Zoom with
us or answer additional questions about your capstone course?

Q5 Do you have any additional thoughts to share about capstone courses,
working with external partners/on external projects, or multi-term projects?

We received a total of 16 responses to the survey. Of these, 14 stated that
their programs offer some kind of capstone experience for their students, with
1 additional program offering a course that, while not a capstone, has students
work on a significant software project. Ten of the programs with a capstone
course require students to take this course. All 15 of the programs with a
capstone or capstone-like course allow engagement with community partners,
while 13 of these programs have projects which can last more than one semester,
some by design (e.g., a two-semester capstone sequence), some by choice of the
student (e.g., a student can retake the course for additional credit and can
continue the same project). Seven of the responses stated that a project may
be worked on by different student teams over time.

While we cannot generalize these results to programs outside of those of
the respondents, the results have given us more information about how the
responding programs run similar capstone courses. We plan to carry out a
more rigorous study in the future, across a broader collection of programs,
that will hopefully yield more detailed information.
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5 Related Work

As described by Coyle et al. [3] and by Oakes et al. [12], Engineering Projects in
Community Service (EPICS) is a model for integrating community engagement
throughout the curriculum. Students participate in projects that span multi-
ple years, with project teams made up of students from multiple disciplines,
including Computer Science. Started at Purdue [16], EPICS has expanded
to multiple other universities, including Princeton, Ohio State University, and
Arizona State University [17]. Linos et al. [10] describe adapting the EPICS
model to a new Software Engineering program in a liberal arts setting, includ-
ing a discussion of ongoing challenges around topics such as the continuity of
projects and effective project management. One significant difference between
the work on EPICS and the work we describe above is that we are just focused
on the capstone course at this point, so students are all senior-level students
that are just taking the course for a semester.

Davis and Rebelsky [4] describe the design of a software design course
which includes multi-semester projects with community partners. Kurkovsky
et al. [9] introduced a service-learning framework named Scaffolded Projects
for the Social Good, or SPSG. This uses a studio-based approach for student
projects with external partners, and is similarly run during development using
agile techniques with two-week sprints. For continuity, students can work on
the same projects across an undergraduate software engineering and a senior
project or capstone class, and spend the last week of the semester focused on
knowledge transfer activities. Braught et al. [2] describe multiple models for
introducing H/FOSS (Free and Open Source, potentially with Humanitarian
goals) projects into the curriculum, with models varying on the organization
of the capstone course and related courses, such as courses in software en-
gineering. All of these models appear to have goals similar to ours, but with
potentially different course sequences, so we plan to follow up with the authors.

Dugan [7] conducted a survey of existing literature on undergraduate cap-
stone courses in Computer Science. This survey organized the literature around
both course and project goals, including topics such as which software process
models were used and which course topics were covered. Similarly, Tenhunen
et al. [14] performed a systematic literature review of software engineering cap-
stone courses, where they categorized courses on characteristics such as team
size, type of client, and duration.

6 Final Reflections and Future Work

Several important points came out during the capstone. These are described
below as communication, team support, and infrastructure.
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6.1 Communication

The most important challenge in Spring 2024 was with communication, includ-
ing between teammates on a single team, between student teams, and with the
client. Anecdotally, communication on individual teams went well, especially
since students had time each week to work together in class, but there were
times during the semester when teams struggled with communication specifi-
cally about tasks to do outside of class. This seemed to get better during the
semester as students become more familiar with one another and with the task
tracking tools on GitHub. Providing online training on how to use these tools,
and introducing them in more detail in class, may help the next teams collab-
orate more effectively from the start. For communication between teams, the
students that responded to the survey though there could be more communi-
cation than there was (2.43, with 3.0 being ideal). This coming semester, class
time for these inter-team meetings will be explicitly added to the schedule.

The main communication struggles were with the community partner. Ex-
pectations with the client need to be more clearly set up front to ensure they
are available at the right times, and students need more guidance about when
to use the different communication channels they have available with the client.
Communication challenges, especially limited face to face communication op-
portunities, were the main pain point mentioned by the students. An important
goal for Fall 2024 will be to find the right balance for both the students and the
clients. We plan to coordinate with the clients before the start of the semester
to ensure regular meeting dates are already on the calendar before students
again start to work on the projects.

A related point is that non-technical clients may need additional scaffolding
around how to give effective feedback to student teams during these meetings.
It can be challenging for clients that have never been involved in a software
project to precisely formulate their needs, comment on completed work, or
select from different alternative feature options. The students found it effective
to offer options from a limited collection of alternatives, since this helped the
clients to know what was possible and what tradeoffs were available. It may
make sense to create more guidance for the clients in the future, and (an idea
from our meeting with an instructor at another university) to separate out
presentations into technical presentations (for the instructors and the other
students) and non-technical presentations (focused specifically on the clients).

6.2 Team Support

Although all the teams worked well together this past semester, we could imag-
ine conflicts arising on future teams. To help with this, we plan to use a tool
like CATME [11, 15] to allow students to give one another peer feedback dur-
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ing the semester and to raise concerns with the instructor. Student teams may
also need more hands-on support in using Scrum, breaking down work into
reasonable pieces, and focusing on high-priority issues for the clients, although
this went reasonably well in Spring 2024.

6.3 Infrastructure

Finally, more focus needs to be placed on infrastructure requirements for stu-
dent projects. Some of this is non-technical infrastructure: although triggered
by a client approaching us, to keep this section active we will most likely also
need to recruit and manage clients from the community. Looking at technical
infrastructure, to fully deploy the software the student teams created for our
community partner, we would need servers to host the website and API server,
and would also need accounts with Google and Apple to publish apps to the
app stores. While university-provided versions of these resources work during
development, at some point client-owned versions of these resources will be
needed. If students are working on multiple teams with dependencies between
the teams (e.g., an API server with related clients, each developed by different
teams), determining where to host projects needed by other teams needs to be
done early in development to prevent problems later on, where student projects
have inter-project dependencies that block progress.

6.4 The Future

In this paper, we presented our initial experience with adding a civic engage-
ment section of our current capstone course. The student teams were able to
make good progress on their projects viewed as individual projects, but the
work of joining these projects into a single portal will mainly fall to the Fall
2024 cohort. We’ve identified communication as the most important issue to
focus on going forward, but also pointed out other potential challenges above.

All artifacts created by the student teams, such as weekly status reports,
the final project reports, and all presentations, are available to future teams
on a shared Google Drive, while all code and project boards are hosted on
GitHub. Fall 2024 will be the test of whether this is sufficient for onboarding
new student teams that will have the (to students, often quite novel) chal-
lenge of reading, understanding, and modifying code that they did not create
themselves. We look forward to seeing what challenges—hopefully foreseen,
potentially unforeseen—arise.
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