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Abstract— This innovative practice WIP paper explores a novel
approach to create customized. Developing custom applications
for engineering education is a significant hurdle for the
widespread adoption of VR in class. The study presents a strategy
where multidisciplinary teams of students in senior design projects
design and develop VR applications for teaching Machine Design
for the Mechanical Engineering program at Penn State University.
The methodology involves collaborative efforts between
Mechanical Engineering and Computer Science students, guided
by instructors and project sponsors (a director of learning
experience design and an associate professor in charge of the
Machine Design course). Through the utilization of Unity software
and pedagogical guidance, teams embark on a design journey,
integrating machine design instruction with learner experience
design principles. Two iterations of a VR application for Machine
Design course have been successfully developed, offering
immersive experiences ranging from fixing a hospital bed
mechanism to time-traveling assembly tasks. Evaluations
demonstrate the efficacy of VR-enhanced learning, showcasing
improved student engagement and conceptual understanding of
the course. The scalability and sustainability of this approach are
highlighted, underscoring its potential for broader application
across engineering disciplines. By fostering student-driven
innovation and iterative improvement, this study lays a foundation
for leveraging VR technology to enrich engineering education,
paving the way for continuous advancement and enhancement in
teaching and learning practices. This study provides evidence that
VR application in the machine design course improved student
engagement, enhanced conceptual understanding, and increased
student exposure to interacting with VR technology.
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I. INTRODUCTION

Virtual reality (VR) provides a simulated world that can improve
student learning in a course. A virtual reality learning
environment has been used effectively in engineering education.
Bairaktarova, et al. [1] provides a review of VR used in
engineering education. Benefits of using VR in a course
include: improved communication, motivation, and cognition.

Communication of complex concepts can be improved using VR
[2]. Engineering applications often involve three-dimensional
moving objects that interact with each other. In some cases,
such as for gear systems, the parts move fast and may be hidden
in an enclosure. Virtual reality simulations can slow the motions
and expose key components for observation by the student. The
VR simulations can also simplify the configuration to show only
the important aspects required to understand the concepts.

Virtual reality has been shown to motivate students to learn an
engineering topic [3]. The novelty of using a virtual reality
headset can attract students to learn a new and difficult subject.
When the learning process is posed as a video game with goals
(learning objectives), the competitive nature of the activity
makes learning entertaining. Learning can be measured as
progress or scores through the VR activity.

Furthermore, Virtual reality simulations have also been shown
to improve cognition [4]. Sensory experiences (embodied
cognition) can be used to organize concepts and ideas that the
student is learning. VR allows simulations, say a gear system,
to be presented along with equations and concepts. Presenting
concepts using different modes at the same time (multi-modal
learning) has been shown to improve student understanding [5].
Virtual reality has been used in mechanical engineering courses
to demonstrate design concepts [6-9]. Applications included
simple and planetary gear trains, cantilever beam, and
spring/mass vibration systems. The use of VR was shown to be
effective, but the development of learning modules was costly
and time intensive.

The present paper describes an opportunity to reduce the
instructor time required to develop VR simulations for an
engineering course. In two different semesters, a senior
capstone design team was given the task of developing VR
instructional materials for the machine design course. The
design team was sponsored and advised by the machine design
course instructor and an instructional designer. This paper
describes the process of defining the project, supervising the
team, and evaluating the VR simulations that resulted. Also



presented is the qualitative evaluation of the student learning
experience of the machine design course using virtual reality.
Dr. Osunbunmi, led the assessment team that evaluated the
impact of the developed the VR technology on the student's
learning experiences in the Machine Element Design Course.
While a mixed-method evaluation design was used to assess the
overall learning experience, we present the qualitative result in
this work, as it provides a rich description of the students’ VR
application user experience. In assessing the student learning
experience, two evaluation questions were asked:

EQ1: What influence does the VR application have on
students' learning experience in the machine design course?

EQ2: How can the VR application be improved to enhance
students’ learning experience in future course offerings?

II. METHODS
A. Machine Design Course

Machine Design is a required course in mechanical
engineering that focuses on the principles, methodologies, and
practices involved in the design and analysis of machine
components and systems. Through a blend of theoretical
concepts and practical applications, students gain a deep
understanding of engineering design processes, stress analysis,
and failure theories. The first portion of the course covers static
and dynamic failure theories. Then, students learn how to design
and select common machine elements like gears, bearings,
shafts, and others.

B. Overall strategy for the development of the VR application

The strategy involved assembling multidisciplinary teams of
senior students to develop a VR application as a product. At
Penn State, capstone design projects are managed by the
engineering college through the Learning Factory, which
assigns projects and forms teams based on the project’s needs.
The VR development project was submitted internally and
assigned to students from Mechanical Engineering and
Computer Science, with guidance from instructors and project
sponsors, Dr. Cortes and Dr. Gregg. The team learned Unity
programming, the VR app's specific requirements, and
instructional pedagogy, progressing through a typical design
process involving brainstorming, prototyping, and testing.

C. Technical details of the development of the VR application

The process of developing virtual reality (VR) applications
using Blender and Unity combined the power of 3D modeling
and animation with the robustness of game development
engines. Specific elements of the VR development included:

o Conceptualization and Storyboarding: The development
process begins with conceptualizing the VR experience and
creating storyboards to outline the narrative flow, user
interactions, and key features.

e 3D Modeling in Blender: Blender was utilized to create
detailed machine elements, ensuring they were optimized for
real-time rendering and interaction in Unity.

o Asset Import and Scene Setup in Unity: Once assets were
created in Blender, they were exported and imported into
Unity. Students organized assets, created scenes, and set up
lighting, cameras, and audio sources in Unity to build the
virtual environment.

e Interaction Design and User Interface: Students designed
user interactions and interfaces within Unity.

o Testing and Quality Assurance: Students performed
functional testing, usability testing, and bug fixing to ensure
the application met quality standards and delivered a
compelling user experience.

o Deployment and Distribution: Students made sure that the
application could be used in the headsets available in the VR
facilities where the application was going to be deployed.

D. Learner Experience Design

A central part of the capstone design course is the
development and user testing of prototypes. However, this
project focused on developing and evaluating digital products.
In the engineering education world, digital products can include
things like websites for products, online learning materials,
virtual reality (VR), and augmented reality (AR) applications.
One of the biggest failures of interface design is the failure to
sufficiently test with users, including those tests early enough in
the process to iterate based on what is observed. Therefore, it is
important to work with students to model and scaffold a
learner’s experience testing the VR application they are
designing and developing. The following are the steps used to
guide the student team in the design of the application:

e Prioritize student ownership. It is important that students
feel invested in the process. To promote this, students were
in charge of the creative process of the design.

e Balance with scaffolding and structure. There are a few
cases, though, where it was crucial faculty advisors (project
sponsor) take the lead. For instance, we required students to
do user testing.

e Cuall on the quiet students. Quite students made excellent
observations about where users struggled.

e [f possible, provide food. Food was provided for the user
testing sessions. This created a fun environment where not
only the prototype was tested, but also celebrated.

E. Data collection and analysis

Pre- and post-survey design was used as a data collection
method for this study. A mixed questionnaire that included both
Likert scale questions and open-ended questions for exploring
students’ experience was administered online via the University
Qualtrics website [10]. Pre-surveys were administered before
the concepts were taught in the classroom, and post-surveys
were administered after students had experienced VR in the
classroom. While the quantitative assessment of this study has
been reported by Gregg et al. 2024 [11], this study presents the
qualitative exploration of the student learning experience using
VR applications in the machine design course during Fall 2023.



Thematic analysis of collected data, was the form of qualitative
analysis conducted for this study [12]. Specifically, students'
responses to two open-ended questions were thematically
analyzed. The two questions are: 1) Please provide your overall
reflections on this VR application as a learning experience, and
2) Do you have any other feedback on the VR application for
this class? In total, ninety-four students in their sophomore year
who took the machine design course responded to at least one of
these two open-ended questions investigated in this study.
Seventy-seven of them were males, and seventeen of them were
females. Researchers’ bias, a threat to qualitative study, was
mitigated by reflective memoing and involving two coders
during the qualitative analysis [10]. The coders familiarized
themselves with the data by reading through the student's
responses repeatedly while taking memos. The two coders via
collaborative effort, identified, refined, and finalized the themes.
One of the coders is a trained graduate research assistant in
qualitative research, and the other coder is a faculty with
expertise in engineering education research.

III. RESULTS
A. VR Applications

Two teams have successfully participated in this process.
The first team developed an application where the main
objective was to fix the raising mechanism of a hospital bed.
Prior to fixing the bed, the player had to complete several tasks
including sorting of machine elements, calculating speed ratios
of gears, and assembling a gear box. The second team tested the
already existing application from the first team and decided
which elements to keep and which elements to redesign.
Instructional activities like sorting and assembling of machine
mechanisms were kept from the first version of the application.
For the second version of the application, the player had to time
travel to three different times (past, present, future). The past
scenario took place in Davinci’s workshop. Where players had
to build the mechanism of an antique flying machine. The
present scenario was a movie set where students had to assemble
the mechanism to move a camera. The future scenario was a
space station where students had to fix the hinge of an airlock
door. Theory about the machine elements was available to the
player via a book that was available throughout the time travel.
Mechanical engineering students and computer science students
collaborated effectively by forming multidisciplinary teams.
They jointly brainstormed ideas, design solutions, and
prototyped VR applications, with mechanical engineering
students focusing on physical components while computer
science students develop virtual environments and interactive
features using Unity.

B. ASSESSMENT OF VR APPLICATION ON STUDENTS'
LEARNING EXPERIENCE

1) Understanding students' learning experiences with VR in
a Mechanical engineering course

To understand students' learning experiences with VR, a
few open-ended questions were particularly investigated. This
study found several aspects of what students appreciated and
their challenges while learning with VR. About 73 percent of
responses from students were positive regarding their learning
with VR and the potential future usage of VR in other classes.

e New and fun experience. Their primary response included
the new and fun experience and the learning value provided
by the visualization of learning content. Students found it
to be a unique and refreshing change from traditional
lectures. They expressed enthusiasm for learning with new
technology, particularly those who had little to no prior VR
experience. One student mentioned, “VR application was a
new, unique, and overall, very fun learning experience,"
while another said, "It was pretty fun, especially since I
don't have any VR equipment of my own."

o Increased Engagement via Experiential Learning. Students
appreciated the interactive and hands-on approach to
learning they experienced while using the VR application.
The experiential learning provided via VR application was
seen as a valuable experience in their formation as
mechanical engineers. One student noted, “The VR
applications are very engaging and allow for a better
understanding.” Another student said, “I thought it was a
great learning experience and way more effective than just
reading or listening to a lecture.”

o Visual support for conceptual understanding. The VR
application enabled students to visualize machine
components and concepts that are challenging to grasp
through lectures alone. Visual learners particularly found it
beneficial, as interacting with the parts in a virtual space
provided a clearer understanding of their functions. One
student stated, "VR helped me learn a lot. As a visual
learner, it helped me see exactly how each part worked."
Another noted, " Using VR is a good way to showcase
different machine elements."

Despite the positive aspects, students faced several technical
challenges that impacted their learning experience. Bugs and
glitches were common issues, with students reporting problems
such as parts getting stuck or issues with the game's mechanics.

2) Improvement Suggestions for the VR Application

The student responses to the VR application for the
mechanical engineering course revealed several common
themes, such as technical and design improvement, highlighting
key areas for improvement and potential enhancements.

o Technical and VR design improvements. Students
highlighted several technical and design areas that required
refinement. Some of the students emphasized the need to
improve the movement system. One student stated, "The
only big thing I would change would be the movement
system. Making it smoother would be more intuitive for
people who have never used VR before."

o The refinement of item interaction was also a common
suggestion. One student emphasized the need for
teleporting and improved item interaction mechanics,
stating, "Allow teleporting and picking up items from both
hands and have hint options for test questions and gearbox
assembly." Additionally, another participant noted, "It
would be helpful if pieces snapped into place easier."

o Content and learning design modification. Students
recommended a range of enhancements to improve the
interactivity and depth of the VR application. Some



proposed incorporating quizzes and expanding game
features to reinforce learning, stating, "I would just add
more to the game. Maybe even do questions after to really
know if you learned something".

Integrating the VR application more effectively into the
course structure was a prominent theme. Students expressed a
desire for better alignment of the VR sessions with the course
schedule and academic content.

IV. DISCcUSSION

The approach presented in this study enabled our teams to
create VR applications by overcoming limitations like the
limited availability of expertise in game development at our
institution and the cost of paying for external development.
Capstone design teams blended mechanical engineering and
computer science expertise, guided by instructors and sponsors,
to create immersive experiences. Initial trials show promise,
suggesting VR's potential for enhancing engineering education.

The fact that the two capstone design teams achieved notable
success in the development of VR applications suggests that the
proposed approach is sustainable. These teams embraced a
collaborative approach, leveraging their diverse skill sets and
interdisciplinary expertise. The first team focused on addressing
a practical problem by designing an application aimed at fixing
the raising mechanism of a hospital bed. The first team found
that Blender-Unity pipeline worked much better than
SolidWorks-Unity. This finding saved substantial time and
effort for the second team. Building upon this foundation, the
second team innovatively redesigned the application,
introducing a time-traveling narrative. The second team not only
saved time by avoiding pitfalls from the first team but also by
heavily leveraging the use of the asset store. A substantial
portion of the environment for the different eras was purchased
from the asset store. Takala et al., reported that the quality of the
VR applications developed in later versions of their course was
significantly better [13].

Our approach to VR development by students distinguishes
itself from existing studies through its emphasis on collaborative
innovation and interdisciplinary teamwork. Unlike traditional
approaches, where VR applications are often developed by
professionals or instructors, our strategy empowers students
from mechanical engineering and computer science
backgrounds to take the lead in designing and implementing
custom VR experiences. By integrating pedagogical guidance
with hands-on project-based learning, we enable students to use
their creativity to develop VR applications for teaching in
engineering. There are many studies reporting either teaching
VR to undergraduate students or students using VR as part of
their learning experience. For instance, Takala et al., [13]
showed that students can create VR applications as part of a
course focused on teaching VR. However, our approach is
unique in that students develop applications for teaching and
applications to be used in courses they have already taken.
Students leverage the infrastructure and resources provided by
the university's Learning Factory, facilitating seamless project
management and mentorship. Through this student-driven
approach, we not only overcome barriers to VR development in
education but also foster a culture of innovation, collaboration,
and lifelong learning.

Finally, the qualitative results presented in this study provide
evidence that the VR application in the machine design course,
improved student engagement, enhanced conceptual
understanding, and increased student exposure to interacting
with VR technology. These findings align with previous studies
on VR applications in STEM [14].
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