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Fostering Disciplinary Identification: The Impact of Project-Based Learning
in First Year Engineering

Motivation and problem statement

This Complete Evidence-based Practice paper examines a unified introductory course designed to
address the fragmented disciplinary understanding common among matriculating first-year
engineering students. Recognizing that a lack of “disciplinary clarity” serves as a significant
barrier to persistence and motivation , this study evaluates a curriculum that bridges the gap
between student expectations and professional realities. By integrating multi disciplinary
Project-Based Learning (PBL) with interventions rooted in Self-Determination Theory (SDT) ,
the course provides “low-stakes” experiential touchpoints across diverse fields. These modules
range from structural tower and bridge construction to digital logic circuits and Arduino based
robotics. The projects are coupled with foundational lectures on design and ethics to foster student
self-efficacy, motivation, and agency. By investigating the implementation of scaffolded
exploration tools described by Schleper and Raja [1], this study examines how structured
decision-support frameworks empower students to navigate major selection with intentionality,
thereby contributing to a comprehensive institutional strategy for student persistence.

Unified introductory course details

To address the lack of disciplinary clarity among incoming students, a unified introductory course
designed to provide a comprehensive “panoramic view” of the engineering landscape was
implemented. This 3-credit course meets three times per week for fifty minutes and is structured
to balance theoretical foundations with experiential application. The details of the course are
explained in brevity below but more details can be found in the paper [1]. The course is built upon
a two-phase instructional model:

* Phase I: Foundational Orientation (Weeks 1 - 6): The first six weeks utilize a combination
of “chalk talk” lectures, peer discussions, and in-class assignments. These sessions cover
essential professional contexts, including the engineering design process, ethics, and the
specific characteristics of various engineering disciplines.

* Phase II: Multi-Disciplinary PBL (Weeks 7 — 14): The remainder of the semester is
dedicated to a series of sequential, discipline-themed projects. These projects are
specifically designed to introduce students to the fundamental principles of electrical,
mechanical, industrial and computer engineering.

Through this integrative approach, the course functions as a pedagogical bridge, transforming the
assignments and projects into a tool for active disciplinary exploration and informed major
selection.



Literature review & theoretical foundations

Prior academic literature consistently supports the notion that early exposure to discipline specific
content and hands-on technical experiences positively influence students’ academic and career
trajectories [2—4]. However, first year engineering students often begin their studies with a
developing but incomplete understanding of the various engineering discipline [5, 6]. This lack of
clarity frequently results in academic uncertainty and diminished engagement. As these are
primary drivers of institutional attrition, this presents a problem. While the benefits of hands-on
learning are well documented, there remains a lack of empirical evidence specifically
demonstrating how structured PBL in introductory courses impact a student’s cognitive ability to
discern and commit to a particular discipline. This research leverages and expands upon the
theoretical foundations of multiple theories to address this gap by synthesizing four key theoretical
frameworks.

1. Experiential learning theory (ELT) or project based learning (PBL): The foundational
premise of this study is rooted in Experiential Learning Theory (ELT), which posits that
knowledge is created through the transformation of experience [7]. In an “Introduction to
Engineering” course, PBL provides the concrete experience necessary for students to
engage in reflective observation and abstract conceptualization of professional roles [8—15].
This experiential approach is a critical component of career choice and development, as it
allows students to transition from theoretical ambiguity to a more defined professional
identity. By simulating or "trying on” different engineering roles, students engage in a
process of self-discovery that facilitates more informed and deliberate academic choices.

2. Social cognitive career theory (SCCT): To understand the underlying cognitive and
psychological processes of this identification of self, the study incorporates Social Cognitive
Career Theory (SCCT) [16]. SCCT suggests that career-related interests and choices are
heavily influenced by self-efficacy, a student’s belief in their ability to succeed in specific
tasks, and outcome expectations. SCCT is used to explain student motivation [17], career
goals [18], and career decisions [18, 19]. In this course, the sequential series of discipline
themed projects functions as a series of “mastery experiences”. For instance, when students
successfully navigate a mechanical design challenge, their increased self-efficacy in that
domain drives enhanced interest and a stronger identification with mechanical engineering.
Conversely, significant difficulty in a specific domain, such as coding, can lead to
diminishing self-efficacy beliefs and a subsequent reconsideration of that as a career path.

3. Expectancy value theory (EVT): Complementing SCCT, Expectancy-Value Theory (EVT)
provides a lens for analyzing why students gravitate toward certain disciplines over others
based on the “subjective task value” they assign to the work [20]. In the context of first-year
engineering, EVT provides a lens for analyzing the cognitive process behind disciplinary
identification. According to the model, a student’s choice to persist in a specific academic
pathway is determined by two primary psychological constructs: their expectancy for
success and the subjective task value they assign to that field. While other theories focus on
the “how” of learning, EVT explains the “why” behind a student’s motivation to move from
a nascent understanding to a definitive commitment. High expectancy and task values have
previously been used as a predictor of student choice, performance, and persistence in
Engineering success [21-24]. This research suggests that by clarifying disciplinary



boundaries through PBL, educators can help students optimize their internal “value”
calculations, leading to more informed, thoughtful academic choices.

Together, these theories suggest that discipline oriented projects serve as informal, embedded
advising instruments that guide students toward professional fields robustly aligned with their
individual values.

Methodology

The instructional interventions and data collection described in this study were conducted as part
of an institutional program evaluation aimed at improving first-year engineering curricula. This
project was submitted to the Greenville University Institutional Review Board (IRB), which
determined the study to be exempt from formal oversight as it constitutes quality improvement of
standard educational practices using de-identified data.

This study was conducted at a small, rural, private, faith based liberal-arts college focusing on
undergraduate engineering education. The instructional design utilizes a dual-track exposure
model. Students gain technical proficiency in mechanical, electrical, computer, robotics, and
industrial engineering via direct project involvement. Concurrently, the theoretical landscape of
the profession is expanded through lectures covering traditional and specialized disciplines, such
as civil, chemical, aerospace, and petroleum engineering, to ensure a comprehensive
understanding of the field.

Upon the conclusion of the six-week foundational lecture phase, students were issued two distinct
assessment instruments designed to capture their baseline disciplinary understanding and
self-efficacy.

The primary quantitative instrument utilized was a baseline pre-test questionnaire administered to
measure students’ perceived academic and professional preparedness. This instrument required
participants to self-report their confidence levels regarding their intended engineering major,
grounded in their current comprehension of professional roles and responsibilities. Furthermore,
the questionnaire served to evaluate the perceived informational adequacy of the cohort,
determining whether students felt they possessed sufficient data to make an intentional,
evidence-based decision regarding their academic trajectory.

The second instrument consisted of formative end-of-day reflections submitted by students to
document their evolving comprehension of engineering disciplines and the requisite competencies
for professional success. During the designated laboratory or class periods, students engaged in
facilitated peer-to-peer dialogues to examine their disciplinary interests and uncertainties,
specifically contrasting their matriculation-level impressions with their post-intervention
motivations. These discussions were further scaffolded by requiring students to explore a
metacognitive gap analysis, wherein they systematically aligned their personal values and innate
strengths with the functional requirements of the engineering branches they felt most inclined to
pursue.

In the final weeks of the semester, the cohort participated in a structured group synthesis session.
This facilitated discussion prompted students to construct a collective definition of professional
engineering identity and to evaluate their personal confidence levels regarding their chosen



disciplines. Specifically, students were tasked with mapping the technical roles, project types, and
requisite skill sets identified during the PBL modules to their intended branches of engineering.
To conclude the data collection process, a post-test research questionnaire was administered. This
instrument mirrored the pre-test survey, allowing for a longitudinal comparison of student
confidence and the perceived adequacy of their information-gathering process following the
project interventions.

To evaluate the efficacy of the scaffolded exploration tools, a survey was administered focusing on
four primary constructs. While the instrument is part of an ongoing longitudinal study and is not
provided verbatim, the items were categorized as follows:

1. Branch Identification & Confidence: Items assessed the student’s ability to select a specific
engineering major and their level of certainty in that choice.

2. Awareness of Engineering Disciplines: Items measured the student’s perceived
understanding regarding different engineering fields.

3. Influence of Projects & Activities: Items prompted students to rank the impact of specific
pedagogical components, such as PBL modules and lectures.

4. Career Orientation & Motivation: Items evaluated the student’s drive to pursue a career
within their identified field and their understanding of professional trajectories.

Results

Analysis of Qualitative Data

A thematic analysis was conducted on the formative end-of-day reflections submitted during week
six, immediately following the conclusion of the disciplinary lecture series but prior to the
commencement of the PBL modules. This analysis revealed several prominent themes regarding
students’ baseline professional awareness:

* Licensure and Professional Certification: Students demonstrated a high level of engagement
with the professional pathway to licensure, specifically discussing the transition from the
Fundamentals of Engineering (FE) exam to Engineer-in-Training (EIT) status and the
requisite four-year experience period for Professional Engineer (PE) certification. Some
students however expressed a sense of anxiety regarding the difficulty of the professional
engineer exam.

* Disciplinary Mapping and Skill Sets: Reflections highlighted students’ ability to categorize
various engineering branches, identifying technical overlaps and distinctions between
similar and dissimilar disciplines.

* Professional Affiliation and Economic Factors: Discussions frequently addressed the role of
professional organizations, including the costs and benefits of membership. Additionally,
students evaluated external market factors such as regional job outlooks, salary projections,
and geographic concentrations of specific industries.

* Preliminary Disciplinary Intent: In the majority of cases, students were able to identify their
intended or most probable branch of engineering.



* Societal and Ethical Purpose: Some students articulated the altruistic nature/goals of
engineering such as “community stability” or “improving quality of life.”

It is important to note that while students articulated their intended paths, the underlying
motivations and the depth of their commitment to these choices were not formally recorded at this
stage, serving as a baseline for the subsequent longitudinal study of the project-based
interventions.

The end-of-semester reflection assignment comprised two distinct components. The first prompt
required students to synthesize their personal definition of engineering based on their cumulative
experiences in the course. A thematic analysis of the qualitative responses revealed that students’
perceptions of the profession evolved into a multi-dimensional framework, categorized by the
following themes:

* Social and Altruistic Impact: Students viewed engineers as vital contributors who improve
community well-being and prioritize the safety and health of the public as a paramount
responsibility.

* Technical and Creative Agency: The profession was defined by the ability to act as
“creators” who convert abstract ideas into tangible realities through systematic
problem-solving.

* Ethical and Professional Standards: A strong emphasis was placed on the necessity of
honesty, integrity, and being held to a higher standard of conduct. Students identified that
specialized knowledge must be paired with rigorous work ethics.

* Economic and Operational Awareness: Reflections highlighted the importance of
developing affordable, cost-effective solutions and the high earning potential associated
with the field.

* Project Management Proficiency: Students explicitly recognized the value of productivity
and organizational tools, such as RACI matrices and Gantt charts, noting their broad
applicability across all engineering disciplines.

The second component of the end-of-semester reflection was designed to assess the students’
self-efficacy regarding disciplinary literacy, institutional navigation, and career alignment. The
prompt specifically queried their confidence in distinguishing between primary branches such as
Mechanical, Electrical, Civil, and Computer Engineering and their ability to articulate the roles
and technical projects associated with at least two of these fields. Additionally, the instrument
measured their awareness of core professional competencies including problem-solving,
teamwork, and communication, as well as their understanding of the institutional academic
sequence and advising resources.

Students were also asked to perform a comparative analysis of the semester’s experiential modules
truss bridge (civil, mechanical, and industrial), circuits (electrical and electronics), and robotics
(mechatronics, computer programming, and electronics) to determine if they could envision these
tasks as future professional responsibilities. The thematic analysis of these responses revealed the
following insights:



» Pedagogical Synergy: Students reported that the foundational lectures provided the
theoretical framework for professional roles and responsibilities, while the PBL modules
served as critical reinforcement of that acquired knowledge.

* Disciplinary Filtering: The intervention enabled students to move beyond general curiosity
to specific preferences; participants noted they could now clearly differentiate between
disciplines they favored and those they wished to avoid.

* Breadth of Understanding: While confidence was high regarding the primary engineering
branches, a notable subset of students expressed continued uncertainty concerning
specialized or “niche” disciplines.

* The Influence of Prior Experience: A significant theme emerged regarding student
engagement; interest and enjoyment were most pronounced in projects that aligned with
pre-existing hobbies or skills, such as secondary school coding, woodworking, or
mechanical tinkering.

» Affective Engagement: Students frequently associated “fun” and higher engagement levels
with modules where they could leverage their prior background, suggesting that early
success in familiar technical tasks positively influences their perception of the discipline.

Ultimately, this comprehensive feedback suggests that by the end of the semester, students moved
beyond a purely technical view of the field to include the ethical, social, and managerial
complexities of the profession.

Analysis of Quantitative Data

Due to the small cohort size (N = 18), which precluded the assumption of normality required for
parametric testing, a Wilcoxon Signed-Rank Test was employed to analyze longitudinal changes.
The reported sample size (n) for each test varies because the Wilcoxon method excludes
“zero-difference” pairs (cases where student responses remained identical across both surveys) and
requires complete paired data for each participant. In the resulting data visualizations, individual
student responses are plotted along the X-axis, with their corresponding scores measured on a
S-point Likert scale on the Y-axis. This representation ensures a clear visualization of the
magnitude and direction of individual shifts in professional awareness and self-efficacy.

Statistical analysis of the longitudinal data revealed no significant change in student confidence
concerning their chosen engineering discipline (W = 22, W,.;; = 2,n = 7,p > 0.05) as can be
seen in Figure 1. Similarly, there was no significant shift in students’ reported motivation to
pursue a career within their identified field (W = 22, W,,.;; = 10,n = 10, p > 0.05) as can be
seen in Figure 2. These results suggest that students’ professional intentions and self-efficacy
remained stable from the conclusion of the lecture phase through the completion of the
project-based modules.
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Figure 1: Shifting Confidence Levels Regarding Major Selection; n = 7 represents the
subset of participants demonstrating a numerical change in score
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Figure 2: Shifts in Student Motivation to Pursue Careers within Identified Engineering
Fields; n = 10 denotes the subset of participants demonstrating a numerical change in
motivation scores

These data suggest that a majority of students possessed a high baseline of disciplinary confidence
prior to the implementation of the PBL modules, specifically at the conclusion of the lecture
phase. The qualitative data derived from both pre- and post-intervention surveys corroborate these
statistical findings; while many participants reaffirmed their initial disciplinary selections and



reported that they were “more sure now” than at the onset of the semester, a distinct subset
remained in an exploratory phase, expressing a continued desire to investigate alternative fields.
Notably, even among students who transitioned between engineering disciplines during the
semester, confidence levels remained remarkably stable. This suggests that while specific career
trajectories may have shifted, the students’ underlying self-efficacy regarding their ability to make
informed academic decisions was not diminished by the change in major.

Conversely, a significant increase was observed in student familiarity with professional roles and
responsibilities (W = 13, W,.;; = 25,n = 15, p < 0.05) as can be seen in Figure 3, alongside a
notable expansion in their understanding of available career paths

W =9, W, = 10,n = 11,p < 0.10) as can be seen in Figure 4. These results suggest that the
integrated curriculum successfully broadened the cohort’s professional literacy. While a portion
of the participants attributed this cognitive growth to the foundational lecture series, the majority
identified the hands-on, project-based learning (PBL) modules as the primary pedagogical driver
for their increased comprehension as shown in Figure 5.
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Figure 3: Shifting Levels of Familiarity Regarding Engineering Roles and Responsibilities;
n = 15 denotes the subset of participants demonstrating a numerical change in scores
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Figure 4: Shifts in Student Awareness of Available Engineering Career Trajectories; n = 11
denotes the subset of participants demonstrating a numerical change in comprehension
scores
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Interestingly, although most students reported that these interventions did not alter their final
disciplinary preference, the projects served a critical role for those who did transition between
majors. For this subset of students, the experiential components provided a necessary “deterring



effect,” facilitating a process of deductive reasoning that allowed them to systematically rule out
specific disciplines that did not align with their interests or perceived strengths.

Conclusion

This study evaluated the impact of a first-year engineering curriculum that integrated a
comprehensive disciplinary lecture series with hands-on project-based learning (PBL) modules.
Quantitative analysis via the Wilcoxon Signed-Rank Test indicated that student confidence in their
major selection and motivation to pursue engineering remained stable throughout the semester.
This stability is attributed to a high baseline established during the initial lecture phase, where
students were first introduced to professional licensure pathways, including the FE and PE exams,
and disciplinary roles.

Qualitative findings from end-of-semester reflections demonstrated a significant evolution in
student professional identity. Participants moved beyond a purely technical understanding of
engineering to adopt a multi-dimensional definition that includes ethical standards, social
responsibility, and managerial proficiency. The PBL modules ranging from structural bridge
design to mechatronics served as critical pedagogical drivers, allowing students to reinforce
theoretical knowledge and perform a “disciplinary filtering” process. For many, these experiences
provided a necessary “deterring effect,” helping them rule out specific branches that did not align
with their interests or prior experiences in coding and mechanics.

Ultimately, the unified introductory course successfully equipped students with the professional
literacy needed to navigate their academic trajectories. By fostering an environment where
students can systematically align their personal values with the functional requirements of the
profession, this program ensures that first-year engineers make intentional, evidence-based
decisions regarding their future careers.

Future Work

Building upon the findings of this study, several avenues for future research have been identified to
further enhance the efficacy of the first-year engineering curriculum:

* Longitudinal Tracking of Disciplinary Persistence: Future research will track this cohort
through their sophomore and junior years to determine if the “intentional decision-making”
and “disciplinary filtering” observed in the first year correlate with higher retention rates
and academic success within their chosen majors.

» Expansion of Sample Size and Diversity: To move beyond the limitations of the current
small sample size (n < 30), the study will be expanded to include multiple sections across
different semesters. This will provide the statistical power necessary to perform parametric
analyses and explore how demographic factors influence the “deterring effect” of hands-on
projects.

* Investigating the Role of Prior Experience: Since a significant theme emerged regarding the
positive impact of prior technical experience (e.g., coding or woodworking) on student
engagement, future work will explore how to scaffold PBL modules to ensure students
without such backgrounds achieve similar levels of self-efficacy and “affective engagement”.



* Refinement of Quantitative Instruments: To address the observed “ceiling effect” in baseline
confidence, the pre-test and post-test instruments will be refined to include more nuanced
Likert-scale questions that better differentiate between general confidence and specific
technical self-efficacy.

* Thematic Gap Analysis: Future research will task students with performing a formal gap
analysis, requiring them to articulate how their personal values and innate strengths align
with the functional requirements of specific engineering branches. This will provide a more
granular look at the “disciplinary filtering” process observed in this cohort.

* Implementation of a Structured Reflective Framework: While the current study utilized
formative end-of-day submissions, future iterations of the course will incorporate a formal
longitudinal reflective essay. This intervention will require students to systematically
document their evolving motivations by contrasting their matriculation-level perceptions of
the field with their post-intervention realities.

* We acknowledge that the specific selection of hands-on activities (e.g., robotics vs.
structural construction) may introduce ’activity bias,” potentially steering student interest
based on the perceived excitement of a module rather than the discipline itself. Future
studies will assess activity neutrality.
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