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Abstract

Junior software engineers often begin their careers by joining a project,
learning code created by others, and contributing with guidance from ex-
perienced developers. With the right support, this apprenticeship-style
environment can help novices understand an existing system, extend it
incrementally, and ultimately contribute substantive new features. We
received a grant to build a web platform for a healthcare client and de-
signed a studio-style undergraduate course around that work, engaging
nine students in developing the platform. Students began with a fixed
technology stack, an Al-assisted starter codebase, and a structured on-
boarding period, then assumed greater responsibility for product design
and implementation decisions. We found that this structure encouraged
attention to quality and sustainability, supported ownership and mean-
ingful participation, but also introduced a steep learning curve, ambigu-
ity, coordination costs, and substantial instructor scaffolding. We also
found that new software development tools can reduce some of the effort
required to create and support similar apprenticeship-style environments.
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1 Introduction

A central challenge in software engineering education is helping students de-
velop the skills required to contribute responsibly to complex, professional-
quality software projects. This requires both professional judgment — interpret-
ing incomplete requirements, coordinating team-based work, and negotiating
priorities for real users — and technical fluency — working with current tools,
technologies, and development practices that change over time.

At University of North Carolina Asheville (UNCA), a small liberal arts in-
stitution, our computer science curriculum attempts to address this challenge.
Among other requirements, an upper-level Software Engineering course gives
students experience with modern tools and collaborative development through
short-term projects. A two-semester capstone sequence gives students experi-
ence defining, building, and deploying a substantial software project of their
own design independently. However, neither course captures the typical experi-
ence of a new software engineer: joining an existing, long-term project shaped
by other people’s decisions, where senior engineers or technical leads often
serve as mentors in an apprenticeship-like setting. Furthermore, we anticipate
that advances in Al code generation tools will continue to raise expectations
for junior developers. These considerations motivated us to design a course
giving students experience with a collaborative, long-term, real-world project
in which faculty serve as senior engineers.

We structured this new course, Industry Team Project (ITP), like an ap-
prenticeship in which students built a web-based software application for a real
client as part of a larger grant-funded collaboration. Importantly, our collabo-
rators needed the software for a planned research study involving real users of
the application. Therefore, students’ contributions would carry consequences
beyond the course, creating a sustained context for developing professional
judgment. This experience report describes the first offering of ITP and exam-
ines how the course’s design supported meaningful participation and attention
to quality while also introducing a steep learning curve, ambiguity, coordina-
tion costs, and substantial instructor scaffolding.

2 Background

Creating experiences that prepare students for industry is a persistent challenge
in computing education. Learning specific tools and technologies is part of this
challenge. Modern software development relies on frameworks, reusable compo-
nents, design systems, cloud services, and automated testing and deployment.
Design systems, for example, require developers to create and maintain shared
components while balancing consistency with the needs of evolving products



[7]. DevOps practices similarly require familiarity with CI, deployment, and
related tooling, which can be challenging to incorporate into software engineer-
ing courses [4, 12]. Generative Al adds another layer: students can use these
tools for programming and software design, but the benefits depend on their
ability to evaluate and revise their outputs [11].

Beyond learning to use current tools, students must also learn to exercise
judgment about when and how to use them within a real system. One way
to understand this deeper challenge is through Lave and Wenger’s account of
situated learning [8], in which competence develops not primarily through in-
struction but through participation in a community of practice: novices take on
real, bounded responsibility for authentic work, and gradually assume greater
responsibility as their competence and judgment develop.

Educators have pursued different ways of approximating these forms of par-
ticipation, each foregrounding different aspects of professional work. Client-
based courses and student-run organizations, for instance, emphasize respond-
ing to real clients, working through ambiguity, and accountability for quality
[2, 5]. Multi-semester and inherited-codebase courses, by contrast, emphasize
reading and interpreting existing code, learning unfamiliar conventions, and
contributing work others will continue [3, 10, 13]. These dimensions often
overlap, but none fully reproduces the sustained, consequential participation
Lave and Wenger describe.

2.1 Project Context

The software project for the course was part of a larger collaboration be-
tween Emory School of Medicine, Appalachian State University, and UNCA.
The Emory collaborators had previously delivered an educational and social-
support program for parents of young children with motor delays (e.g., cerebral
palsy) through a social media platform [9] and wanted a standalone web ap-
plication informed by feedback from that study. The proposed application,
“3MA,” would provide weekly educational modules with slides, videos, and
quizzes and support synchronous meetings among parents and healthcare pro-
fessionals. A two-year, deliverables-based grant required an interactive proto-
type in spring 2026 and a minimum viable product by mid-summer.

3 Course Design

We designed ITP as an upper-level Computer Science elective, and structured
it as a studio-style, apprenticeship-like experience. We gave it an upper-level
Software Engineering prerequisite, which in turn requires Data Structures and
Systems, so students entered with a strong programming foundation and expo-



sure to collaborative Git workflows, automated testing, linting and formatting,
Docker, APIs, React, and databases.

3.1 Technology Stack and Starter Code Repository

We created a starter codebase for 3MA using a conventional architecture and
widely adopted tools selected for long-term support rather than novelty (Ta-
ble 1). This was an intentional design choice: rather than allowing students
to choose the system’s foundations, we gave them a fixed stack and architec-
ture to inherit. We used Cursor [1] to scaffold boilerplate and configuration
from our architectural specifications and establish automated testing, linting,
formatting, code-review conventions, and CI/CD.

To test the feasibility of the starter system, we implemented several client
features as a proof of concept prior to the semester. We then removed these
features, deliberately preserving space for students to build the system’s first
real features themselves during the onboarding phase. The starter system
included user accounts, several data models and API endpoints, basic web
and mobile interfaces, automated quality checks, Docker configuration, and a
GitHub-based CI and deployment workflow. Students therefore began by ex-
tending a working full-stack system rather than assembling it from scratch. We
created setup, workflow, and technical guides, along with a shared cheatsheet
for common commands and development tasks, drafted with assistance from
Cursor.

Table 1: Technology Stack

Function Technology

Backend / middleware layer FastAPI with JSON Web Tokens (JWTs)
Data layer PostgreSQL+SQLAIchemy, S3

Web interface TypeScript, React, Mantine

Mobile interface TypeScript, React Native

Development environment Docker (web and backend)+Expo (mobile)
Testing and static analysis Pytest, vitest, prettier

CI and deployment GitHub Actions and Railway

Shared interface design Figma components, variables, design tokens

3.2 Two-Phase Course Structure

We designed the course to have two phases: (1) shared preparation, followed
by (2) specialized work on client-facing features.



Table 2: Course Phases
Weeks Stage Units and Assignments
1-7 Shared Engineering: project and team onboarding; back-
preparation end testing; data modeling and API design; refac-
toring; web development; mobile development
8-9 Shared Product Design: user-centered design; user jour-
preparation neys; prototyping; Figma design systems
10-15  Specialized Role-based work on a Figma prototype and fea-
product ture implementation, integration, testing, and
work documentation.

Shared preparation was intended to build technical fluency and a com-
mon understanding of the system, product, and development practices before
students assumed specialized roles. In the engineering phase of shared prepa-
ration, students collaborated in small teams on structured work across the
technology stack, largely within predefined scope and requirements. Students
coordinated dependent tasks, contributed through pull requests, and worked
toward shared expectations for functionality, testing, code quality, documenta-
tion, and review. We prohibited Al-assisted development until the final week
of technical onboarding so that students could first develop a working men-
tal model of the system, including the structure, behavior, and relationships
among its components.

Weeks 8-9 were intended to create more space for students to exercise
independent judgment by participating in the user interface design process.
With input from the client, students would interpret incomplete requirements,
negotiate priorities for real users, and develop user journeys, screen inventories,
and prototypes in Figma to guide implementation.

During Weeks 10-15, newly formed teams would complete three two-week
sprints focused on distinct vertical feature slices. These sprints aimed to bring
professional judgment and technical fluency together under real constraints of
scope, quality, and time.

3.3 Course Execution

In spring 2026, nine students enrolled in the ITP course. The students ranged
from juniors who had not yet begun capstone work to seniors graduating that
semester. The execution of the course followed the original course design, but
we adapted the plan as necessary in response to changing project priorities.
The initial seven-week engineering onboarding proceeded largely as planned.
Through pull requests and peer review, students completed assignments across



the backend, web, and mobile layers. One assignment, for example, required
each team to implement functionality for creating and managing educational
modules, including API routes and tests. During the first three weeks, we
provided detailed feedback on pull requests, peer reviews, testing, documen-
tation, and adherence to project conventions. We also met individually with
students to discuss progress and provide targeted technical and collaborative
support. As students became familiar with the workflow, we shifted toward
in-class coaching and troubleshooting. By the end of onboarding, students had
worked across the application’s major layers and developed a shared foundation
for specialized product work.

In the product design (shared preparation) period, students formed three
teams focused on the product’s primary user groups: parents, healthcare providers,
and administrators (content managers). Each team identified the tasks and in-
formation its users would need, translated those needs into user journeys, and
designed the screens and workflows required to support them. This phase,
originally scheduled for two weeks, expanded to about four: the client was un-
available for much of it, and the product was less defined than anticipated, so
students worked from an earlier feasibility study and training materials instead.

By the time specialized product work began, only four weeks remained,
leaving time for one sprint rather than the three originally planned. Based
on responses to a team and feature preference form, students divided into
three teams. One team produced a high-fidelity prototype, while the other two
implemented video management and user onboarding features.

3.3.1 High-Fidelity Prototype Team

Two students synthesized the class’s user journeys, wireframes, and interface
decisions into a polished prototype spanning the administrative web interface
and the parent-facing desktop and mobile experiences (Figure 1). It showed
how staff could manage cohorts, instructional content, quizzes, and meetings,
and how parents would move through learning modules and related activities.

3.3.2 Implementation Teams

The other two teams implemented video-integration and user-onboarding work-
flows. The video team developed functionality through which administrators
could manage instructional videos and parents could view them in the web
and mobile applications. The onboarding team developed the invitation, reg-
istration, and account-activation workflow. In both teams, students divided
responsibility across interdependent system components.

Based on pull requests, commit histories, changed files, and automated tests
(which do not capture all planning, debugging, peer assistance, or uncommitted
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Figure 1: Prototype of the mobile interface for parents

work), both teams completed substantial portions of their workflows. However,
the compressed timeline left too little time for full integration and end-to-end
testing.

4 Discussion

At the end of the semester, all nine students completed a questionnaire about
their preparation, contributions, challenges, and overall experience. We drew
on this survey data, students’ weekly reflections, their code contributions, and
our own teaching observations to understand how the course design shaped
their experience. Below, we group our findings by theme, showing how specific
design decisions shaped student experience and the tradeoffs they introduced.

4.1 Inheriting an Existing System

Course Decision: A Fized Technical Foundation. As noted in Section
3, the starter system shifted students’ attention from selecting technologies to
understanding system conventions, tracing behavior across layers, extending
shared patterns, and producing work others could continue.

Student Experience: Emphasis on Quality and Long-Term Sus-
tainability. Inheriting a continuing system shaped the design and engineering
practices students emphasized. Because others would use, maintain, and ex-
tend their work, students placed greater importance on quality, polish, and
long-term sustainability. When asked which contributions were most valuable,
they described using tests to protect refactoring, documenting API contracts,
following established conventions, and reviewing code for consistency and se-
curity. Student “S1” explained that because the work “won’t disappear after
the class ends,” it required greater attention to “quality and maintainability.”
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Figure 2: Student Responses to Selected Survey Questions (n=9)

Similarly, S3 described a cohort-management system as “protected against re-
gressions if refactors occur down the road” because “the contract lives in the
tests.” Unlike conventional assignments, this work needed to be understood,
trusted, and extended by teammates and future developers.

Survey responses suggest this understanding didn’t always translate into
confidence: students generally understood how their contributions fit into the
system (Figure 2), but were less confident applying onboarding concepts inde-
pendently.

Tradeoffs: Realism vs. Ease of Entry. For students, the fixed techni-
cal foundation gave them experience contributing to a realistic, shared system
and encouraged them to think more deeply about quality and long-term sus-
tainability. At the same time, it created a steeper learning curve and fewer
opportunities to make foundational technical decisions themselves.

For instructors, the fixed foundation made it possible to provide a more
complex and production-like system than students could reasonably build from
scratch during a semester, but doing so required substantial scaffolding and
support. This included simplifying the codebase, staging assignments, docu-
menting conventions, and providing intensive feedback. Cursor helped us build
a more capable starting system, but it did not reduce the instructional work
required to make that system accessible to students.

4.2 Product Design and Prototyping

Course Decision: Students’ Responsibility for Product Design. Al-
though students inherited the technology stack, architecture, and development
processes, substantial product questions remained unresolved. They had to
translate broad client goals into user journeys, feature behavior, and technical
decisions.

Student Experience: Agency, Ownership, and Communication.



Leaving these decisions open gave students opportunities to exercise profes-
sional judgment over important aspects of the product. The shared prototype
also supported a related need: communicating and coordinating that emerging
direction across roles. During the final four weeks, most students described
the shared design artifact as central or useful to their work. S3 said that
Figma clarified “a huge amount” of uncertain requirements and “helped me a
lot as a developer,” while S1 was proud of presenting work that “really helped
[the client’s] understanding of the project.” Consistent with HCI research on
prototypes as design tools [6, 14], the prototype functioned as a boundary ob-
ject among students, instructors, and the client. It made workflows, interface
states, visual conventions, and unresolved decisions visible without eliminating
the implementation choices developers had to make.

Tradeoffs: The Work of Navigating Uncertainty. Design required
more time and support than anticipated, both because of the client’s limited
availability (Section 3.3) and because students were learning unfamiliar UT/UX
methods alongside the necessary Figma skills. The open-ended and iterative
nature of the design process also created ambiguity that several students found
uncomfortable, but it also gave them opportunities to practice making progress
without fully specified requirements or a predetermined solution. Although
extending this phase reduced the time available for implementation, it gave
students significant influence over the product and a shared understanding
of key decisions. Survey responses reflect this tradeoff: four students agreed
that ambiguity made the project more difficult, yet eight reported a sense of
ownership, seven said the client context clarified the purpose of their work, and
eight said real-world constraints made the course more valuable even when they
made the work harder (Figure 2).

4.3 Team-Based, Interdependent Work

Course Decision: Team-Based Work. Students worked in teams through-
out onboarding, design, and implementation. Although responsibilities differed
within and across teams, the work remained interdependent: students’ progress
and the quality of the product depended on the decisions and contributions of
others.

Student Experience: Ownership, Purpose, and Visible Contribu-
tion. Students generally experienced this structure as giving them a recogniz-
able place within the larger effort: eight of nine reported ownership over part
of the project, and open-ended responses showed that they understood their
contribution more broadly than completing assigned technical tasks (Figure
2). S1 described serving as an “organizer, encourager, and Figma designer,”
while S5 identified as the “encourager/vibes guy” and found it valuable to help
beyond his assigned role. These roles overlapped with programming and design



work, making otherwise less-visible forms of collaboration recognizable.

This broader range of contributions became important because students’
work affected both teammates and the larger product. S5 described the semester
as “a true project in which everything had a cause and effect associated with
it” and “more like a job in some senses, than a school project”; S4 similarly
said that working for a real client gave the work “more purpose.”

Tradeoffs: Dependency, Pressure, and Coordination Costs. The
same interdependence that made contributions meaningful also created block-
ing, uncertainty, and pressure. S8 reported that tasks depended on other teams,
were not always connected, and sometimes required decisions before the client’s
expectations were fully known. S2 described feeling worried, uncomfortable,
and at times “inept,” even while expressing pride in what they contributed.
Team-based, interdependent work made participation consequential, but also
required coordination and support when work became blocked or uncertain.

5 Conclusion

This experience report describes one course, one client project, and nine stu-
dents, so its lessons are necessarily provisional. Even so, the course suggests
value in giving students a structured way to enter an existing system, learn
its conventions, and gradually assume responsibility for more consequential
work. Students’ experiences also highlight the tradeoffs of this model: inher-
iting a sophisticated system created a steep learning curve, open-ended design
introduced ambiguity, and interdependent work required substantial coordina-
tion and instructor support. At the same time, these conditions gave students
opportunities to contribute to work that would continue beyond the course,
exercise substantive judgment, and attend to concerns such as maintainability,
usability, and quality.

More broadly, new software development tools — including Al-assisted de-
velopment, design systems, and increasingly capable development platforms —
make this kind of course design more feasible by lowering the cost of creating
and maintaining a starter system. Cursor helped us scaffold the application
boilerplate, development infrastructure, and documentation, creating a solid
technical foundation that students could learn from and extend. But the ex-
perience also suggests that starting from a higher level of abstraction does
not diminish the pedagogical work of apprenticeship: instructors still had to
simplify the system, stage students’ entry into it, provide intensive feedback,
and decide where students should encounter ambiguity and exercise judgment.
As these tools expand what instructors can build, an important course-design
question is not simply what students can now produce, but what responsibili-
ties, decisions, and forms of judgment we want them to practice.
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