
WIP: Easing the Transition to Project-Based
Software Engineering Courses with Externally

Sourced Projects
Nathan Sommer

Department of Computer Science
Xavier University

Cincinnati, OH, USA
sommern1@xavier.edu

Stan Kurkovsky
Chad A. Williams

Department of Computer Science
Central Connecticut State University

New Britain, CT, USA
{kurkovsky, cwilliams}@ccsu.edu

Mikey Goldweber
Department of Computer Science

Denison University
Granville, OH, USA

goldweberm@denison.edu

Abstract—This work-in-progress research-to-practice paper
describes the process of adopting a framework for employing
community-engaged service learning in project-based software
engineering courses at a small private liberal arts school. Work-
ing on semester-long authentic projects for external clients is a
valuable learning experience for students, but running a project-
based course comes with numerous challenges for instructors. In
this paper, we discuss the initial struggles involved in our efforts
to develop a new project-based course and the iterative improve-
ments made to our approach over four semesters. The adoption
of a course framework that was initially developed at another
institution greatly accelerated improvements to the course and
has led to a collaboration to refine the framework to make
it suitable for different institutional contexts. Our framework
provides guidance in vetting projects, course structure, student
deliverables, and project handoff.

Index Terms—Project based learning, Service learning, Com-
puter science

I. INTRODUCTION

The Computer Science Department at Xavier University
(XU) is a relatively small department with four faculty mem-
bers and approximately 150 undergraduate majors, situated in
a liberal arts setting. In 2021, when considering how to revise
our curriculum to better serve students seeking careers in the
software industry, we split our single software engineering
course into two courses, Software Engineering I (SE1) and
Software Engineering II (SE2). With this change, SE1 is able
to cover more practices, tools, and techniques before students
embark on a semester-long authentic software development
experience for a real-world project partner in the project-based
SE2 course.

Project-based learning benefits students by connecting the-
ory to practice [1], developing professional skills through
collaboration [2], and increasing student engagement [3]. For
project-based learning to be effective, projects must be realistic
and student-driven to a significant degree [4]. This presents
instructors with the challenges of sourcing authentic projects
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that align with the course goals, and of balancing the amount
of structure and guidance given to students. XU, a Jesuit
Catholic institution, values community-engaged learning and
service-learning, and our department tries to illustrate ways
that computing can be used for the social good across our
curriculum [5]. Thus, the natural choice for finding project
clients in SE2 is to look to local non-profit organizations or
community partners. Despite the advantages of community-
engaged learning [6], [7], running a project-based course
with external community partners brings additional challenges.
Difficulties can arise in finding projects with appropriate scope
that match student skill levels, in managing relationships with
project partners that have their own time constraints and may
not understand the technical demands of the project [8], [9],
and in ensuring that students stay on track with development
that adheres to the project requirements. In this paper, we
describe the process of getting the SE2 course off the ground at
XU, and how adopting a course framework initially developed
at another institution and based on the software studio model
[10] helped alleviate some of the challenges involved.

II. FIRST OFFERING OF SOFTWARE ENGINEERING II

Prior to the first offering of SE2 in Fall 2022, we approached
XU’s Eigel Center for Community-engaged Learning to see if
they had any leads on good community partners to serve as
project clients. These discussions resulted in the idea of doing
an internal project for the first iteration of the course, with the
Center acting as the project partner.

At the time, XU had recently released a new strategic plan
that called for more high-impact experiences for students,
including community-engaged and service-learning courses.
The idea for the course project was to create a system to
track high-impact experiences available to XU students and to
provide a means for students to discover experiences relevant
to their interests. There were enough students in SE2 to form
four teams of four or five students. Each team was responsible
for a different component of the system: back-end, web front-
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end, iOS front-end, and Android front-end. Students were
assigned to teams based on their interests and prior experience.

The first iteration of the course faced several issues due to
inadequate planning and course structure. The project partner
was eager for students to have ownership and agency over
the direction of the project since it was going to be students
who would ultimately use the system. Because of this, we
decided not to discuss too many requirements for the project
ahead of the semester so that the students could be as involved
as possible in the requirements gathering process; however,
scheduling conflicts prevented the partner from attending class
to discuss requirements until several weeks into the semester.
This time was spent reviewing agile processes and investigat-
ing technologies, but in these initial weeks, the students did
not have a clear idea of what was ahead of them, and there
was not much enthusiasm.

For the initial requirements discussion, the students did
not actively participate as much as we had hoped. The class
was too large for many students to feel comfortable asking
questions, and the result was mainly a conversation among the
instructor, the project partner, and a small number of students.
When there were questions from students, in most cases, the
partner did not offer a strong opinion about desired features,
but rather left the questions open for the students to answer on
their own. During the discussion, the project partner mentioned
that they could provide students with a list of high-impact
experiences, but this list was not yet compiled, and it would
be several additional weeks before the list was delivered.

Such vaguely defined requirements resulted in a chaotic de-
velopment process. The back-end team was the least functional
team in terms of teamwork, which was particularly problem-
atic because they were tasked with defining the web API that
would be used by the front-end teams. The front-end teams
proceeded with assumptions about what data the API would
provide once it was defined, but each team made slightly
different assumptions and moved in different directions. By the
end of the semester, there was still no communication between
the backend and any of the front-ends.

Each team was required to use project management software
to plan and track their progress, and during each class session,
each team gave a brief update on their progress. Teams
would demonstrate their progress to the class when there was
sufficient progress to show, but the demos were spontaneous,
and development was not strictly organized into sprints. Teams
were expected to regularly plan their next steps, but the only
manner of assessing this was through examining the state
of their project management tool, and the teams were not
required to submit planning documents at regular intervals.
The teams that had a student emerge as a strong leader were
relatively effective at planning their development without a
strict structure, but the teams without a student to step up as
a leader struggled to form effective plans.

Pedagogically, the course was not a complete disaster,
and many of the students acknowledged that they learned
a significant amount from the process. The front-end teams
were able to design and implement user interfaces despite the

lack of proper data from the backend. However, there was an
underlying frustration throughout the semester, and the course
was much less satisfying than it could have been.

The issues experienced during this offering of the course
could be grouped into three broad themes:

• Project planning: Ineffective project planning, delayed
partner involvement, and unclear requirements left stu-
dents without direction early in the semester, resulting in
a frustrating and chaotic development experience despite
valuable learning opportunities.

• Team collaboration and coordination: Poor team coor-
dination, lack of student engagement in early discussions,
and weak leadership in some teams led to misaligned
development efforts, backend dysfunction, and failed in-
tegration between project components.

• Project management and course structure: The ab-
sence of structured sprints, inconsistent use of project
management tools, and lack of formal progress tracking
resulted in unorganized development, difficulty assessing
team planning, and ineffective feedback loops.

In retrospect, a number of better choices could have eased
the frustrations of the initial offering of SE2. Thoroughly
discussing the project scope with the partner ahead of the
semester would have given the students a solid foundation to
begin their work. Having example data compiled at the start
of the semester would have made data modeling much easier.
If each team worked independently on their own full-stack
implementation of the system, the interdependence among
teams would not have been an issue. Organizing the semester
into fixed-length sprints with deliverables tied to each sprint
would have resulted in more effective planning by each team.

III. SCAFFOLDED PROJECTS FOR THE SOCIAL GOOD

Prior to the second offering of SE2, XU entered into a
research partnership with Central Connecticut State University
(CCSU). XU’s role in the project is to adopt and help
refine a course framework named Scaffolded Projects for the
Social Good (SPSG) [11], which was initially developed at
CCSU based on years of experience running project-based
software engineering courses with community partners [12].
This partnership offered a chance to employ the framework in
a different institutional context and refine it to be applicable
at a variety of institutions. The framework provided precisely
the structure needed to improve SE2 at XU.

The SPSG initiative provides structured resources, including
guides, templates, grading rubrics, and case studies, to help
faculty design and implement effective project-based service-
learning courses. SPSG supports this goal by organizing
projects into four distinct phases loosely based on the Unified
Process [13]: Inception, Elaboration, Development, and Tran-
sition. These phases provide a structured yet flexible roadmap
that guides students from initial problem definition to final
project delivery. SPSG ensures that projects are well-scoped,
effectively managed, and continuously refined through stake-
holder collaboration. By following this approach, students gain
hands-on experience in software development while engaging



with real-world challenges, fostering technical competency,
teamwork, and a deeper understanding of computing’s societal
impact. The four phases help faculty scaffold learning experi-
ences, ensuring that students receive the necessary guidance,
resources, and opportunities for reflection at each stage.

Inception: The Inception phase lays the groundwork for the
project before the semester begins. Faculty work closely with
community partners to define the project’s scope, goals, and
expected outcomes. The primary deliverable in this phase is
the project proposal document, which outlines the problem
to be addressed, the project scope, relevant constraints, and
final deliverables. This document aligns expectations among
the faculty, students, and community partners, and creates a
solid foundation for further project planning and development.

Elaboration: In the Elaboration phase, student teams begin
collaborating with community partners to refine the project
requirements and develop a detailed vision for the system’s
features. Key deliverables during this phase include the re-
quirements specification, which documents both functional
and non-functional requirements, and an initial prioritized
product backlog, which outlines the features to be imple-
mented in future sprints. Faculty guide students in develop-
ing these deliverables through collaboration with community
partners, and the grading rubrics focus on properly refined
user stories, estimation and prioritization, selecting stories for
the first sprint, and sketching key user interface features. This
phase sets clear expectations for the work to be done, ensuring
all stakeholders share a common understanding of the project’s
objectives and deliverables.

Development: The Development phase follows an agile
methodology, with student teams working in iterative sprints to
develop and refine the system. Deliverables include updated
code repositories and sprint review and retrospective pre-
sentations, as well as written sprint reports, which showcase
completed features and any demonstrations of the system.
Sprint reviews allow faculty and community partners to pro-
vide feedback and guidance to ensure that the system aligns
with the partners’ needs. The grading rubrics for this phase’s
deliverables emphasize reflection on lessons learned during
each sprint and iterative updates to the project’s requirements.

Transition: The Transition phase ensures that the completed
system is successfully handed over to the community partner
or to the next development team(s) and that knowledge transfer
is effective. The primary deliverables in this phase include
the final product, which is the fully developed, tested, and
deployed software solution, and the accompanying technical
documentation, such as installation guides, API references,
and user manuals. The final project presentation involves
students demonstrating the system to community partners, fac-
ulty, and potentially a broader audience, showcasing the final
product, presenting technical documentation, and discussing
the project’s impact. This phase ensures the sustainability of
the project and reinforces the connection between academic
work and real-world outcomes. The grading rubrics for the
technical documentation focus on detailed instructions for
deploying the system and clear user-friendly explanations of

the main features of the system’s main features.
To support instructors interested in adopting SPSG, the

authors have created a dedicated project website [11]. It
includes a structured guide detailing the rationale, objectives,
and prerequisite skills for each deliverable, reusable templates
for students and instructors, and a comprehensive assess-
ment rubric. Additionally, we provide insights on managing
multi-semester projects across different institutional settings,
and considerations for post-delivery project maintenance. The
project feasibility section offers materials and rubrics to fa-
cilitate discussions with potential project partners and assess
whether a project aligns with program curricula, timing con-
straints, student skill levels, and other relevant factors. Finally,
we include a selection of completed student projects with the
corresponding deliverables for each SPSG element.

IV. SECOND OFFERING OF SOFTWARE ENGINEERING 2

For XU’s second offering of SE2 in Fall 2023, we decided
once again to partner with the Center for Community-engaged
Learning for a new project. To avoid some of the issues of the
previous year, we discussed more project details prior to the
semester using the guidance of SPSG. During the inception
phase, we decided that the students would build a web
application through which the Center’s community partners
could post volunteer opportunities, enabling XU students to
sign up for them. This would help the Center organize student
volunteering, track engagement, and allow students to easily
sign up to volunteer.

Using the SPSG project proposal template, we worked
with the partner to create a project description, define the
project scope, identify challenges, and specify deliverables.
Intentional planning sessions also allowed us to think ahead
about how the system would be hosted if and when it reached
a mature enough state for deployment, and we met with XU
IT staff to discuss options.

The Fall 2023 SE2 course was composed of 20 students
who were divided into five teams of four. Rather than having
different teams complete different portions of the project,
which caused issues in the previous year, all five teams worked
simultaneously on different implementations of the system,
with the idea that the best implementation(s) would be used
by one or more teams in subsequent semesters to continue
the project. During the elaboration phase, the project partner
came to class to discuss the different types of volunteer
opportunities offered by various partner organizations and to
answer clarifying questions. Each student team then defined
their own set of requirements based on the discussion. As
the teams organized themselves, they each created a team
agreement and information sheet.

There were five two-week sprints during the development
phase. Each week, the teams gave either a weekly scrum
update to discuss their progress mid-sprint, or a sprint
review and retrospective presentation with a demonstration,
a discussion of what did and did not work well in the previous
sprint, and the plans for the next sprint. Regular oral updates in
class helped the teams share ideas and motivate each other, and



created opportunities to discuss ambiguous requirements when
there were inconsistencies in the various implementations.
Each team also delivered a sprint report at the end of each
sprint, which allowed for more structured feedback on the
students’ planning process.

By the end of the semester, each student team produced a
prototype that implemented a subset of the project require-
ments, yet no individual team produced a deployable system.
The students were aware from the beginning of the semester
that this was the likely outcome, and as the class approached
the last sprint, it was emphasized that producing technical
documentation for the transition phase was a high priority.

With the added structure of SPSG and the lessons learned
from the first SE2 offering, the second offering was more
satisfying for all parties involved and showed improvements
in the following areas:

• Producing a formal project proposal based on iterative
discussions during the inception phase ensured that im-
portant details were defined before the semester began.

• SPSG provided a step-by-step structure for the project,
allowing students to follow a defined process for plan-
ning, executing, and refining their work, a significant im-
provement over the vague and undefined project planning
in the previous year.

• The use of two-week sprints, regular scrum updates, and
sprint retrospectives provided consistent checkpoints for
tracking progress and adjusting work, offering much-
needed structure compared to the lack of clarity in
planning during the first semester.

Along with these improvements, there were some bumps
in the process of adopting SPSG. The course structure was
based on well-developed materials from CCSU, but some of
the details about CCSU’s approach were not explicitly defined.
For example, the project proposal template is intended to
be completed by the project partner initially so that project
refinement begins purely from the partner’s point of view.
However, for this project, the instructor created the first draft of
the proposal after initial discussions and sent it to the partner
for refinement, leading to less direct input from the partner
during the inception phase.

The semester also suffered from insufficient communication
with the project partner in the elaboration and development
phases. The elaboration phase deliverables were not immedi-
ately shared with the project partner, and understaffing at the
community-engaged learning center’s office made communi-
cation difficult. This combination caused a distance between
the student teams and the project partner, leading to sporadic
communication during the development phase.

The initial adoption of SPSG during the second offering of
SE2 helped inform the creation of the comprehensive structure
guide that explicitly defined aspects of the framework that
were previously assumed, particularly in regard to planning
and communication with the project partner, and the roles of
the various student deliverables.

V. PROJECT CONTINUATION IN SENIOR CAPSTONE

XU’s senior capstone course was already project-based
prior to the creation of SE2, but students worked on projects
individually or in pairs. Once it was clear that SE2 projects
would often require multiple semesters of work, we decided
to integrate SPSG projects into the capstone course as well.
In Spring 2024, a team of 4 seniors continued the work that
began in SE2 in the fall. During the inception phase for the
spring semester, it was emphasized that the project partner
needed to be more involved so that the students would receive
more regular feedback.

Since the senior capstone team was given all five prototypes
and associated documentation from the previous semester’s
teams, their elaboration phase looked quite different. They
met with the project partner to discuss requirements, but
this time there were existing prototypes to point to when
discussing which features to keep, improve, add, or discard.
The capstone students saw design decisions in all five SE2
implementations that they felt could be improved, so they
began by re-designing the database largely from scratch and
then incorporated elements from various SE2 implementations
for the front-end. Overall, having reference implementations
from which to build was extremely helpful for the students,
and more frequent feedback from the project partner during the
capstone course helped correct incorrect assumptions earlier.

By the end of this semester, we felt significantly more
confident in our approach, achieving several important im-
provements:

• The project partner’s increased involvement ensured
more frequent feedback throughout the semester, allowing
for quicker correction of misunderstandings and assump-
tions compared to the previous semester.

• Each SE2 team created comprehensive developer docu-
mentation to ensure a smooth handoff to the capstone
team and maintain continuity between the semesters.

• The senior capstone team effectively used the SE2 refer-
ence implementations as a foundation for their redesign,
enabling a more efficient development process and build-
ing upon previous work.

VI. EXPANDING THE NUMBER OF PROJECTS

For Fall 2024, we had enough students in SE2 that we
needed two sections of the course, and so more projects
were required. Having gained confidence and experience from
working with an internal partner for the first three semesters,
we felt prepared to expand to working with multiple external
partners, and spent time in the summer of 2024 contacting
local organizations to source projects. We also discovered
more opportunities for internal projects, and ultimately we
ended up running six projects for three internal and three
external partners. While increasing the number of project
partners added overhead in managing relationships, leveraging
prior semester experiences led to an effective inception phase,
with most of the overhead occurring before the semester
began. There were at most 2 teams working on any given



project, which made communication with a given partner
more straightforward, and in most cases the students handled
communication with the partners themselves.

The diversity of projects was helpful for the students, both
in terms of motivation and exposure to ideas. When every
team was working on the same project in prior semesters,
students did not feel they had as much ownership in the
project, and there was more uncertainty as to whether their
work would ultimately be deployed. Running multiple projects
also allowed students to regularly see presentations from the
other teams working in different domains, exposing them to a
broader view of different types of software development.

VII. CONCLUSION AND FUTURE WORK

Teaching project-based courses with external project part-
ners involves many challenges, but offers an extremely reward-
ing experience for students. The challenges can be overwhelm-
ing for instructors embarking on this journey for the first time,
and leaning on the experience of others can significantly ease
the transition. The SPSG initiative packages effective practices
based on many lessons learned into an easily adoptable
framework that provides a solid yet flexible structure for
various types of projects which may span multiple semesters
in different courses.

Iteratively developing a project-based course with the use of
SPSG significantly enhanced both the course structure and the
quality of the projects. SPSG provided a clear structure and
framework for the entire project lifecycle, which helped re-
duce ambiguity and confusion. Working within a well-defined
framework led to better planning, clearer deliverables, and
more manageable expectations for both students and project
partners. SPSG improved communication and collaboration
by emphasizing regular feedback from project partners and
requiring proactive communication. This ensured that both stu-
dents and partners were aligned on project goals, allowing for
more effective problem-solving and quicker identification of
issues. SPSG fostered better design and development prac-
tices by supporting an iterative approach, encouraging students
to continually refine and improve their designs. Finally, SPSG
ensured smooth transitions between courses and teams by
emphasizing the importance of handoff documentation and
well-defined deliverables. This allowed for continuity when
the project moved from SE2 to the capstone course, making it
easier for future teams to pick up where previous teams had
left off. Overall, SPSG positively impacted XU’s courses by
improving planning, communication, collaboration, execution,
and project continuity, resulting in a more effective course
experience and higher-quality project outcomes.

Getting our project-based SE2 course off the ground was
a challenging endeavor, but our established structure gives us
confidence that we can continue to move forward. Most of
our existing partners remain enthusiastic, and so students will
continue to work on our ongoing projects. That said, each of
our ongoing projects has an ambitious scope that has made it
difficult to achieve full deployment, and so in the future we

will seek projects that are more likely to be completed in one
or two semesters of student work.

We will continue to refine SPSG and expand our recom-
mendations as we gain further experience. Faculty at several
additional institutions have expressed interest in adopting
SPSG and joining the initiative, and their feedback and ex-
perience will improve SPSG’s generalizability. We are also
developing studies to measure the effectiveness of SPSG in
developing students’ technical and professional skills, as well
as the effect on their attitudes towards computing for the
social good. We have begun administering surveys to our
students to produce quantitative longitudinal data in order to
identify the most significant changes in students’ dispositions
after taking our courses, as well as qualitative responses to
collect more targeted and comprehensive feedback than we
find in course evaluations and student interactions. We have
also begun collecting qualitative feedback from alumni who
participated in courses using SPSG who are now working in
the industry in order to better understand which components
of the project-based courses were most impactful to them as
they began their careers.
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