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This study explores how storytelling can support first-year engineering (FYE)
students’ learning of the Engineering Design Process (EDP) when combined
with Project-Based Learning (PJBL), Community-Based Learning (CBL), and
Team-Based Learning (TBL). In a FYE course, students worked in teams as
fictional engineering companies, assumed professional roles, and completed
projects for both fictional and real clients. Using a quasi-experimental pre—
post design with surveys (N = 64 complete responses) and reflective prompts
(N = 78), we examined changes in students’ perceptions of engineering design.
Quantitative findings showed significant gains in familiarity with EDP steps,
confidence in applying the process to real-world problems, and recognition of
creativity, sustainability, and teamwork as central to engineering. Iltems on ethics,
innovation, and everyday applications showed no significant change. Qualitative
analysis identified four themes: identity and authenticity, motivation and
engagement, understanding of the design process, and preparedness for real-
world challenges. Together, the results suggest that storytelling, when integrated
with PIBL, CBL, and TBL, enhances engagement and fosters professional identity
development in first-year engineering students.

KEYWORDS

first-year engineering education, engineering design process, storytelling, Community-
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1 Introduction: background & rationale

Teaching engineering design process (EDP) is challenging because it can vary
depending on where and how it is taught (Barreiro and Bozutti, 2017; Denson and
Lammi, 2014; Mukhandmath et al., 2020). The EDP, as used in this study, refers to
a systematic, iterative cycle that includes need finding, problem definition, concept
generation, prototyping, testing, and communication of solutions. Several factors influence
how the EDP is taught, including class size (which shapes teamwork opportunities),
resource limitations (which affect prototype development), timeline constraints (which
restrict discussion of specific design phases), and institutional differences in which
engineering roadmaps are adopted. Despite its central role in engineering, first-year
students often struggle to connect these abstract steps to meaningful practice. Traditional
introductory courses may emphasize technical skills or isolated exercises, but they rarely
foster the authenticity, engagement, and professional identity formation needed at the start
of an engineering pathway.
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In this study, we focus on a first-year engineering fundamentals
course called Engineering Fundamentals II (ENGR128), which
introduces students to the engineering design process during their
second semester. The course is part of the First-Year Engineering
(FYE) program and is designed to provide students with a
systematic understanding of engineering design while also fostering
engagement, collaboration, and a sense of professional identity. The
course combined project-based, community-based, team-based
and storytelling approaches to create an instructional model that
was both systematic and engaging. In the following section, we
describe the pedagogical framework in detail and highlight how
each approach contributed to student learning.

2 Pedagogical framework:
integrated approaches

In designing ENGRI128, we intentionally integrated four
pedagogical  approaches: (PjBL),
Community-Based Learning (CBL), Storytelling (as a form of

Project-Based = Learning

narrative pedagogy), and Team-Based Learning (TBL), in order
to create an instructional model that was both systematic and
engaging for first-year students. Each pedagogy contributed
to distinct elements to the course, and together they formed a
framework for teaching the engineering design process (EDP).
In the next sections, we define each pedagogy and explain its
purpose in the course.

2.1 Project-Based Learning (PjBL)

Project-Based Learning served as the structural backbone
of the course. Project-Based Learning (PjBL) was originally
grounded in the work of Dewey (1938), who advocated for
experiential education and learning by doing. It later evolved
into a structured pedagogical model (Blumenfeld et al, 1991)
to support sustained, inquiry-based learning through real-
world projects. In STEM, PjBL emphasizes student-centered
learning through authentic projects that require sustained inquiry,
teamwork, and application of knowledge to practical problems
(Mota et al., 2025; Erdogan, 2015; Kokotsaki et al., 2016).
In ENGRI28, every major assignment was organized as a
project aligned with the EDP roadmap, giving students iterative
practice with problem framing, prototyping, and communicating
solutions.

2.2 Community-Based Learning (CBL)

Community-Based Learning gained relevance as a pedagogical
model in the 1990s, building on Boyer (1990)’s scholarship of
engagement and service-learning practices that connect classroom
learning with community needs. CBL was integrated to connect
engineering design with social context and community needs
(Felten and Clayton, 2011; Harlow et al., 2020). In the literature,
CBL often intersects with service-learning in terms of community
engagement, via a pedagogical framework that engages students
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through real-world perspectives on their course projects (Lopez-
Santiago et al., 2024; Schultes et al, 2025; Delaine et al,
2024). The partnership with a local science center exemplified
this approach, as students developed prototypes for exhibits
that addressed real-world constraints and educational goals.
CBL helped students recognize that engineering is not only
technical but also civic, requiring attention to community
stakeholders.

2.3 Team-Based Learning (TBL)

Team-Based Learning (TBL) was developed in the early
2000s (Fink et al, 2023) as a structured instructional strategy
to enhance learning through systematic understanding of teams.
TBL structured the way students collaborated throughout the
semester. Recent studies present TBL as a strategy to foster
teamwork competencies, support digital integration, and facilitate
the management of large cohorts (Lunt et al., 2025; Abildinova
et al, 2024; Campbell et al., 2025). In this course, TBL was
introduced by assigning specific roles such as Communication
Manager, Time Manager, and Submission Manager. Each student
carried explicit responsibilities within the company, fostering
accountability and distributed leadership (Ruder et al., 2021). TBL
also supported peer-to-peer learning, as students were required to
rely on one another for effective project management, technical
problem-solving, and timely submissions.

2.4 Storytelling as narrative pedagogy

Storytelling in this course served as more than just a structural
tool; it grounded the projects within a narrative context that
shaped how students perceived their roles and responsibilities.
Storytelling can take many forms in education, from fostering
STEM engagement in informal learning environments (Shaby et al.,
2025) to supporting pedagogical strategies that are intentionally
integrated into the curriculum (Lee and Le Doux, 2025). While
PjBL structures the tasks students complete, storytelling frames
the meaning of those tasks. Students formed fictional companies,
created logos, and assumed professional roles. Early projects used
fictional clients, while later projects transitioned to a real client.
This continuity helped students view themselves as engineers
solving authentic problems, not just completing assignments
(Hinchman and Hinchman, 1997; Witherell, 1995; Schattner, 2015;
Sherwood and Makar, 2022).

2.5 Distinguishing and integrating
pedagogies

While PjBL, CBL, TBL, and storytelling share an emphasis
on authenticity, they operate at different levels. PjBL provided
the structure, CBL connected learning to community needs, TBL
ensured effective collaboration, and storytelling enhanced meaning
by shaping students’ identities and engagement. Table 1 provides a
summary of the existing distinctions and connections that framed
how each pedagogy was structured and implemented.
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TABLE 1 Illustrates the distinctions and connections among the four approaches.

Pedagogy

10.3389/feduc.2025.1709767

Core focus Role in ENGR128 Practical takeaway |

Project-Based
Learning (PBL)

Organizing structure for

projects

Provided design challenges
aligned with EDP roadmap

Emphasizes process of inquiry

and solution-building

Use projects to scaffold EDP
phases systematically

Community-Based
Learning (CBL)

Linking to community

and civic needs

Partnered with Science Central to
design STEM exhibits

Emphasizes audience and societal
relevance

Even small partnerships enhance
authenticity

Team-Based Learning
(TBL)

Structuring teamwork
and accountability

Role assignments
(Communication, Time,
Submission Manager) to foster
responsibility

Emphasizes group process and
distributed leadership

Assign clear roles to ensure
accountability and collaboration

Storytelling (narrative
pedagogy)

Embedding meaning and
identity

Framed projects as company
work with fictional/real clients

Emphasizes perception of roles
and professional identity

Add narrative overlays (clients,
roles, branding) to strengthen

engagement

3 Learning environment

3.1 Engineering Fundamentals Il
(ENGR128)

ENGRI128 (Engineering Fundamentals II) is a 4-credit course
required of all first-year engineering students following ENGR127
(Engineering Fundamentals I). All students enrolled in ENGR128
have previously completed ENGR127, a first-semester course that
introduces foundational aspects of the engineering fundamentals
with little exposure to engineering design process. ENGR128
builds upon this baseline, offering a more in-depth approach of
the engineering design process as part of the learning outcomes.
Approximately 120 students enroll each semester, taught by
different instructions and teaching assistants. The course meets
weekly across three components (lecture, lab, and studio) providing
a balance between theoretical foundations, computational practice,
and design application. Each semester, approximately 120 students
are enrolled across multiple sections, each led by a faculty instructor
and supported by teaching assistants. Students are divided into
teams of three to four members. All teams engage with the same
three major projects, though each team develops its own unique
solution, fostering diverse interpretations of the design challenges.

3.2 Learning objectives

The learning objectives of ENGR128 span three interconnected
dimensions: lecture, lab, and studio.

In the lecture component, students are expected to build
a solid mathematical and analytical foundation for engineering
problem solving. By the end of the course, students should be able
to formulate and solve engineering problems involving complex
numbers, sinusoidal functions and frequency analysis, integration,
Boolean logic, logarithmic graphing and transformations, and
introductory differential equations. These objectives ensure that
students gain not only familiarity with fundamental mathematical
concepts but also the ability to apply them in practical
engineering contexts.

The lab component
programming skills, particularly using MATLAB. Students

focuses on computational and
develop competencies in applying arrays and array manipulations,

working with text variables and ASCII text files, and writing
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functions with multiple inputs and outputs. They also learn to
construct functions that yield non-numerical outputs, utilize
logical expressions and conditional statements, and implement
loop structures. Additionally, labs emphasize data analysis by
training students to fit data to linear, exponential, and power-
law forms. A critical objective is for students to communicate
effectively based on their computational work, linking technical
results to clear written explanations.

The studio component centers on design, teamwork, and
professional communication. Students are required to plan and
execute disciplined design projects that follow a systematic
Within this they
must demonstrate the ability to use appropriate analytical

engineering design process. framework,
and computational tools in project work. Communication skills
are foregrounded, as students are expected to produce precise
and effective technical report memos that include clear abstracts,
methodology descriptions, recommendations, and conclusions.
Oral communication is equally emphasized, with students
preparing and delivering professional technical presentations.
Finally, the studio environment develops teamwork skills by
requiring students to organize and manage effective teams.
They must establish ground rules, plan projects, manage tasks,
and explain effective group processes, thereby aligning with
Accreditation Board for Engineering and Technology (ABET)
expectations related to collaboration and leadership.

3.3 Narrative proposed in ENGR128

The narrative component was developed specifically for the
studio sessions, where students applied lecture and lab concepts.
The format was intentionally designed to mimic professional
engineering practice by embedding student work within a story that
unfolded across the semester.

3.3.1 Team companies and roles

Each team was structured as a fictional company with its own
name and logo. This simple act of branding created a shared
identity and gave meaning to team outputs, as all deliverables
were submitted under the company name. Within each company,
students assumed specific roles to distribute responsibility and
promote leadership. The three roles were:
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o Communication Manager - responsible for maintaining
professional correspondence with the instructor, always
copying all team members.

e Time Manager — responsible for tracking deadlines and
ensuring submissions were on time.

o Submission Manager — responsible for submitting assignments
on behalf of the team.

These roles provided every student with a clear responsibility
while reinforcing professional behaviors such as accountability,
communication, and deadline management. Teams remained
consistent throughout the semester, allowing students to develop
collaborative dynamics and deepen their sense of professional
identity. Team formation was instructor-led, taking into account
scheduling and diversity of student backgrounds when possible. All
teams worked on the same design briefs, which allowed instructors
to provide common rubrics and ensured equity in grading.

3.3.2 Engineering design notebooks

Each team maintained an engineering design notebook, first
in hard copy and later the Brightspace LMS. The notebook
served as the primary space for documenting idea generation,
sketches, calculations, and project decisions. Additionally, the
digital platform allowed instructors to monitor contributions and
ensured that each student’s participation was visible. This narrative
element positioned the notebook as the company’s official record,
reinforcing the habit of professional documentation.

3.3.3 Sequenced projects as client requests

The narrative framed each project as a request from a client
with specific criteria and constraints. Each project followed a
structured timeline with increasing levels of complexity and
duration. Project 1 spanned 4 weeks, Project 2 lasted 3 weeks,
and Project 3 was conducted over 9 weeks. This sequencing was
intentionally designed to scaffold student learning and gradually
introduce more realistic design constraints and stakeholder
communication. Project evaluation incorporated both formative
and summative assessment components. Deliverables included
design notebooks, technical memos, physical prototypes, data
analysis, and oral presentations. Rubrics were used across
all sections to ensure consistency in grading, with criteria
addressing technical accuracy, creativity, communication quality,
and teamwork. Early projects used fictional clients to introduce
the format, while the final project partnered students with a
real community client. This progression allowed students to first
practice within low-stakes, imaginative contexts before applying
the same design process to a high-stakes, authentic challenge.

e Project 1: Recyclable Car (fictional client) — The first chapter of
the narrative introduced student companies to their very first
“contract.” A fictional client tasked each team with designing
a small car using recyclable materials and K’'Nex parts. Over
4 weeks, students were expected to generate ideas, prototype,
and test vehicles capable of traveling a specified distance down
a ramp while meeting performance constraints. Within the
story, this project served as the onboarding phase: companies
learned how to organize their roles, document ideas in their
design notebooks, and pitch solutions to a potential customer.
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e Project 2: Curve Fitting Challenge (fictional client) — Building
on the first project, the second fictional client issued a more
technical request: evaluate and validate the performance of a
temperature sensor and a circuit. Over 3 weeks, companies
collected and analyzed data using Arduino hardware and
MATLAB software. This project integrated concepts from
lectures and labs, such as circuit design, coding, and curve
fitting, requiring teams to demonstrate how theory could
be applied in practice. Within the narrative, this project
positioned the companies as technical consultants providing
verification services to a client, strengthening their identity as
professional problem solvers.

e Project 3: Interactive Science Center Project (real client) -
The final project served as the capstone of the semester-
long narrative. After working with fictional clients in earlier
projects, student companies were now contracted by a
real community partner called Science Central, a local
interactive science center. The client’s request was to design
a new exhibit that could inspire children ages 9-12 to
see themselves as future engineers. This extended, 9-weeks
engagement asked teams to follow the full engineering design
process under authentic constraints, balancing creativity
with feasibility. Within the narrative, companies received
a client brief outlining criteria (age-appropriate design,
durability, educational value) and constraints (budget, safety,
materials). Student teams documented their process in
company notebooks, communicated with the “client,” and
worked through iterative stages of design. They began by
producing preliminary sketches, which evolved into more
polished conceptual models. These models were tested
through physical prototypes built in the studio, allowing
teams to validate and refine fundamental design principles.
Finally, each company prepared a one-page flyer and a
professional presentation to communicate their solution to
Science Central’s leadership. Figure 1 includes an example of
the EDP developed by students to build an exhibit. Figure 1A
illustrates one team’s virtual concept for an exhibit designed
to help kids learn the basics of circuits. Figure 1B presents the
prototype of this idea, and Figure 1C shows the final exhibit
that the students built and delivered.

4 Methodology and data collection

This study employed a quasi-experimental pre-post research
design. The research was embedded directly into the instructional
design of Engineering Fundamentals II (ENGR128). The primary
data source was a custom-designed survey instrument developed
to align with the learning outcomes of ENGR128, ABET student
outcomes, and prior research on engineering design (e.g., Atman
et al,, 2007; Dym et al,, 2005). The survey included 12 Likert-scale
items assessing students’ familiarity with EDP steps, confidence in
applying the process, and perceptions of key engineering themes
such as creativity, ethics, sustainability, and teamwork shown
in Table 2. Open-ended reflective questions were also included
to capture qualitative insights into student experiences. The
instrument was designed for instructional assessment purposes and
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FIGURE 1

Evolution of a student design project: (A) initial concept sketch, (B) testing prototype, and (C) final delivered exhibit.

TABLE 2 List of questions included in the pre- and post- Likert survey.

Question ID Description

Q1 I 'am familiar with the steps of the engineering design
process.
Q2 I recognize the importance of defining a problem

before brainstorming solutions.

Q3 I can apply the engineering design process to solve
real-world problems.

Q4 I understand the role of engineering in society.

Q5 I believe that engineering contributes to everyday life.

Q6 The field of engineering offers solutions to important
problems.

Q7 Engineers play a significant role in technological
innovation.

Q8 Engineering is a field that requires creativity and

problem-solving.

Q9 The work of engineers impacts environmental
sustainability.

Q10 Creativity in engineering is fundamental.

Ql1 Engineers must work collaboratively to be successful.

Q12 Ethical considerations are important in engineering.

has not been independently validated; as such, findings represent
students’ self-reported perceptions rather than direct measures
of conceptual learning. Survey data were collected anonymously
during the first and final weeks of the semester using the university’s
Learning Management System (LMS). Participation was voluntary
and did not affect students’ grades. The survey and reflection
activities were fully integrated into the course’s instructional
strategy.

5 Results

This section presents the results of the quasi-experimental
study designed to assess the impact of the integrated pedagogy
on first-year engineering students’ understanding and application

Frontiers in Education

of the engineering design process. Data were drawn from pre-
post surveys (Likert-scale items and open-ended reflections) as
well as project work completed during ENGR128. The survey
instrument was custom-designed to align with ENGR128 learning
outcomes, ABET criteria, and prior research on engineering design
(Atman et al., 2007; Dutson et al., 1997; Dym et al., 2005; Swenson
et al,, 2014). The survey contained twelve questions intended to
understand the students’ development by the end of the semester.
These questions were designed to evaluate various dimensions of
students’ knowledge, skills, and perceptions related to engineering
and are described in Table 2. While this ensured close alignment
with course objectives, the instrument has not been independently
validated, and thus the findings should be interpreted as students’
perceptions rather than direct measures of learning gains. We
first report quantitative findings, followed by thematic analysis of
qualitative responses, and conclude with a synthesis of both sources
of evidence.

5.1 Quantitative results

A total of 64 students completed both the pre- and post-
surveys. Because the data were not normally distributed (Shapiro-
Wilk test), we used the Wilcoxon Signed Ranks Test to compare
pre- and post-intervention scores. Results from the pre and post
surveys are summarized in Figure 2.

5.1.1 Significant improvements

Students showed statistically significant gains in several areas
central to the engineering design process. These include familiarity
with EDP steps (Ql: Z = —6.442, p < 0.001), ability to apply the
EDP to real-world problems (Q3: Z = —5.962, p < 0.001), and
understanding the societal role of engineering (Q4: Z = —4.914,
p < 0.001). Additional improvements were observed in defining
problems before idea generation (Q2: Z = —4.707, p < 0.001),
recognizing engineering as a problem-solving discipline (Q6:
Z = —3.419, p < 0.001), emphasizing creativity in solutions (Q8:
7 =—3.441,p < 0.001; Q10: Z = —4.179, p < 0.001), appreciating
sustainability (Q9: Z = —3.622, p < 0.001), and recognizing
teamwork as fundamental (Q11: Z = —4.642, p < 0.001).
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Pre vs Post Survey Results (ENGR128)
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5.1.2 Non-significant findings

By contrast, three survey items did not show significant
changes. These were engineering’s contribution to everyday life
(Q5: Z = —1.968, p = 0.049), the role of engineers in technological
innovation (Q7: Z = —2.333, p = 0.020), and ethical considerations
in engineering (Q12: Z = —2.860, p = 0.004). In all three cases,
students entered the course with high pre-survey scores (many
selecting “agree” or “strongly agree”), leaving little room for
measurable growth. This effect is consistent with prior exposure in
the first semester FYE course (pre-requisite to ENGR128) where
ethics, innovation, and everyday applications of engineering are
already emphasized.

5.1.3 Interpretation
Opverall, the statistical analysis presented in Table 3 suggests that
narrative pedagogy supported measurable gains in areas directly

linked to the EDP, creativity, and teamwork, while reinforcing
knowledge students already possessed about ethics, innovation,
and engineering’s societal presence. These findings align with prior
research indicating that pedagogical interventions such as Project-
Based Learning yield the greatest benefits in areas of applied
practice and process understanding (Atman et al., 2007; Kokotsaki
etal., 2016).

5.2 Qualitative results

Open-ended reflections were collected from 78 students during
Week 16. The list of open-ended questions is described below:

e To what degree has the narrative pedagogy employed in
the Studio (where you played a role as an engineering

TABLE 3 Summary of statistical analysis obtained from pre- and post-surveys.

Question Pre P-value Effect
mean media size (r)**
Q1 3.66 4.67 0.859 0.506 4 5 —6.442 <0.001 0.805
Q2 448 4.86 0.591 0.535 5 5 —4.707 <0.001 0.588
Q3 3.88 461 0.724 0.581 4 5 —5.962 <0.001 0.745
Q4 433 4.83 0.714 0.538 4 5 —4914 <0.001 0.614
Qs 4.67 4.83 0.644 0.548 5 5 —1.968 0.049 0.246
Q6 4.66 4.89 0.57 0.815 5 5 —3.419 <0.001 0.427
Q7 48 491 0.406 0.294 5 5 —2.333 0.020 0.292
Q8 4.67 491 0.536 0.294 5 5 —3.441 <0.001 0.43
Q9 4.38 4.7 0.745 0.494 5 5 —3.622 <0.001 0.453
Q10 437 478 0.745 0.553 5 5 —4.179 <0.001 0.522
Q11 4.39 48 0.789 0.568 5 5 —4.462 <0.001 0.558
Qi2 452 478 0.734 0.487 5 5 —2.86 0.004 0.358

*Z-values are from the Wilcoxon Signed Rank Test. **Effect sizes interpreted as small ~0.10,
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company addressing real-world problems) influenced your
perception and understanding of the EDP? Provide a
detailed explanation.

e How do your Week 1 answers compare to your current
understanding of the EDP?

e Did the narrative pedagogy approach help you gain different
perspectives on how engineering solutions can be developed
and applied? If so, how?

e Do you now feel more equipped to tackle real-world
engineering challenges using design process? Please elaborate.

These responses provided deeper insight into how narrative
pedagogy shaped students’ experiences in ENGR128. Through
inductive coding (Thomas, 2006), we identified four central themes:
(1) Identity and Authenticity, (2) Motivation and Engagement,
(3) Understanding the Engineering Design Process, and (4)
Preparedness for Real-World Challenges.

Theme 1: Identity and Authenticity

Students consistently described the narrative framework as
making them feel like “real engineers.” This identity formation gave
meaning to tasks that otherwise might have felt routine. As one
student reflected, I felt as if I was becoming more and more like
a proper engineer.” Another echoed, “This made it feel more like a
real project in the workforce rather than a college assignment.” These
findings align with Sherwood and Makar (2022), who highlight the
role of narrative in cultivating professional identity.

Theme 2: Motivation and Engagement

The narrative elements increased students’ investment in
projects by raising the stakes. Rather than working for a grade
alone, students reported working to satisfy their “client” and to
represent their “company.” One student stated, “Had the studio not
put emphasis on this idea of creating a company, I may not have
taken the EDP more seriously.” Another added, “Playing pretend
engineering business was so much fun! It was fun to see the simplified
version of the roles needed to run a company.” This echoes Freeman
et al. (2014), who found that active and contextualized learning
environments increase student engagement.

Theme 3: Understanding the Engineering Design Process

Narrative pedagogy provided a framework for students to
clarify misconceptions and recognize the cyclical nature of design.
Many reported shifts from a linear or vague view of the EDP to a
more nuanced understanding. As one student shared, “T viewed it
as a linear process, but I now comprehend that its a cyclical journey.
Each step informs and influences the next.” Another said, “Playing
the role of an engineering company helped me frame problem-
solving by making a step-by-step system to come up with a solution.”
These reflections supports Atman et al. (2007), who emphasized the
importance of iterative design experiences for conceptual growth.

Theme 4: Preparedness for Real-World Challenges

A large number of responses emphasized that students left
ENGR128 feeling more capable of tackling authentic engineering
problems. Many explicitly referenced how the narrative structure
prepared them for professional practice. One student stated, “T feel
like I have a new tool in my toolbox I can use anytime when facing
real-world engineering problems.” Another commented, “Playing
an engineering role excited me as it felt we are demonstrating
our right to become engineers. [Our team dynamics] enlightened
my perception of the engineering process.” These findings align
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with Dym et al. (2005), who found that design-based pedagogies
strengthen problem-solving skills and readiness for professional
practice.

5.2.1 Minority perspectives

Although the majority of responses were positive, a small
group of students expressed skepticism about the value of the
narrative. For instance, one noted, “I don’t think the pedagogy played
any part in how I thought about it. I still see it as a task that
needs to be completed within a box of constraints.” These views
underscore that narrative pedagogy may not resonate equally with
all learners, particularly those with prior industry experience or
different learning preferences.

5.3 Synthesis of findings

The integration of quantitative and qualitative data suggests
that narrative pedagogy supported measurable growth in students’
understanding and application of the engineering design process
while also influencing how they experienced themselves as
engineers. Survey results confirmed significant gains in areas
directly tied to the EDP, creativity, and teamwork, while
qualitative reflections provided evidence that the narrative format
enhanced identity, engagement, and preparedness. Non-significant
results (ethics, innovation, and everyday life) appear connected
to prior exposure to those concepts. Importantly, open-ended
responses reinforce that while not every student found value
in narrative elements such as company branding, the majority
experienced higher motivation and professional relevance. By
situating projects within an unfolding story, ENGR128 created
a learning environment where students not only practiced the
engineering design process but also lived it as professional-in-
training.

6 Discussion: practical implications
& lessons learned

Our results suggest that narrative pedagogy enhanced student
engagement and positively influenced students’ perceptions of
engineering design in ENGR128. Importantly, the improvements
we observed were concentrated in areas directly tied to the
engineering design process (EDP), such as problem definition,
iterative practice, creativity, and teamwork. These results support
the idea that narrative contexts can make engineering concepts
more relatable and memorable, while also strengthening students’
self-concept and self-efficacy (Bong and Clark, 1999). At the same
time, it is critical to recognize that these findings reflect students’
perceptions of their growth, not direct measures of conceptual
mastery.

The quantitative analysis provided evidence of statistically
significant gains across most items, particularly familiarity with
the EDP (Ql), confidence in applying it to real-world problems
(Q3), and recognition of the role of engineering in society (Q4).
However, three survey items-engineerings role in everyday life
(Q5), innovation (Q7), and ethics (Q12)-did not show significant
changes. This lack of measurable growth is likely due to the fact that
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students entered the course with high pre-survey scores in these
areas, reflecting prior exposure to these concepts in prior courses.

The qualitative results provided additional insights on how
the narrative format shaped student experience. Four themes
emerged from open-ended responses: (1) identity and authenticity,
(2) motivation and engagement, (3) understanding the EDP, and
(4) preparedness for real-world challenges. Students consistently
reported that the company roles, logos, and client framing made
them feel like “real engineers” and gave their work meaning
beyond assignments. These experiences align with Sherwood and
Makar (2022), who found that narrative contexts help students
construct professional identities. Motivation was also enhanced,
echoing Freeman et al. (2014), as students described higher levels of
investment when tasks were presented as client requests with stakes
and accountability. Many reflected on misconceptions from Week
1, such as viewing design as a linear process, and described how
projects clarified the cyclical, iterative nature of engineering design,
reinforcing findings from Atman et al. (2007).

Another important theme was students’ increased confidence
to apply the EDP beyond the classroom. While some students
connected this to immediate academic or personal projects, others
described professional applications, such as internships, where
they could transfer design thinking. These reflections suggest
that narrative pedagogy may support metacognitive growth by
encouraging students to step back, reflect on their process, and
generalize lessons to other contexts. This resonates with Dym et al.
(2005), who argued that design education should move beyond
technical solutions to cultivate ways of thinking that prepare
students for professional practice.

At the same time, not all students found the narrative framing
useful. A small minority expressed skepticism about the value of
elements such as company branding, preferring to focus exclusively
on technical problem-solving. These perspectives highlight that
narrative pedagogy may not resonate equally with all learners and
that instructors should remain attentive to balancing engagement
strategies with efficiency.

Taken together, these findings contribute several new insights
for practitioners. First, narrative pedagogy appears most impactful
when layered with project-based and Community-Based Learning,
adding a dimension of identity and meaning rather than
replacing other frameworks. Second, the explicit assignment
of roles within teams provided a simple but effective way to
promote accountability and professional behavior in first-year
students, which can be adopted in other contexts with minimal
resources. Third, integrating fictional and real clients in sequence
offered a scaffolded approach that gradually increased authenticity
and responsibility, which instructors may adapt to their own
resource constraints.

7 Limitations and constraints

Limitations of this study should also be noted. The survey
instrument was custom-built based off the learning outcomes and
existing literature on engineering design but was not a previously
validated scale. As such, while the items align with course outcomes,
they primarily capture student perceptions rather than objective
measures of learning. Additionally, demographic data such as
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age, gender, or prior experience were not collected or analyzed
due to Family Educational Rights and Privacy Act (FERPA)
protections and Institutional Review Board (IRB) constraints,
which prohibited the collection of identifiable information. As a
result, findings should be interpreted as reflective of the broader
course population rather than specific student subgroups. Also, the
study was conducted in a single institutional context with relatively
small class sizes, which may limit generalizability. Despite these
limitations, the study offers a promising model for integrating
narrative pedagogy into first-year engineering. For educators, the
practical takeaway is that narrative framing, when coupled with
structured projects, defined team roles, and authentic clients, can
create a learning environment where students do not simply
complete assignments but experience themselves as engineers
in training. This shift has the potential to support not only
engagement but also the development of metacognitive awareness
and professional identity, providing a strong foundation for future
engineering learning.

8 Acknowledgment of constraints

8.1 Conceptual constraints

This study relied on self-reported perceptions of students rather
than direct assessments of learning gains. While survey items
were informed by learning outcomes and existing engineering
design literature, they were not drawn from a previously validated
instrument. Findings should therefore be interpreted as reflecting
students’ perceptions and metacognitive awareness rather than
definitive measures of conceptual mastery.

8.2 Methodological constraints

The study employed a quasi-experimental pre-post design
without random assignment. Although this approach is appropriate
for classroom-based research, it limits causal inference, and leaves
open the possibility of confounding factors. Response attrition
reduced the final quantitative dataset to 64 students, which may
have influenced representativeness.

8.3 Environmental constraints

This work was conducted at a single public university in
northeastern Indiana (USA), with course structures, resources,
and class sizes that may differ from other institutions. Results
may not generalize to programs with different curricular designs,
demographics, or institutional contexts.
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