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Abstract— This research category full paper is about a
study that investigates the integration of virtual reality (VR)
technology to enhance creativity in a multidisciplinary design
context, merging engineering and visual arts education. By
immersing students in a VR learning environment, it explores
how this approach positively influences creativity, breaking
down traditional educational silos and providing a blueprint
for incorporating A (art) into STEM (science, technology,
engineering, mathematics) education - STEAM. Addressing
the global imperative for creativity for problem-solving, the
study systematically integrates teaching creativity into
education using VR technology and blended curricula. The
research investigates factors contributing to embodiment,
flow state, and intrinsic motivation experienced during
multidisciplinary VR learning. Methodologically, a fully
immersive VR environment guided by constructivist learning
theory was developed, and 7 undergraduate students from
civil, mechanical, and multidisciplinary engineering
participated in (virtual) hands-on activities focused on
building Kkinetic sculptures in the developed VR environment
using HTC Vive. Based on the participants' experiences,
preliminary findings from qualitative interviews indicated
positive influences on creative performance, with heightened
embodiment, flow, and intrinsic motivation observed among
participants. Beneficial outcomes included knowledge gain,
enhanced creativity expression through active project-based
learning, and recognition of connections between engineering
and art fields. Despite challenges like equipment learning
curves and stress impact, these findings lay the groundwork
for innovative STEAM and VR pedagogy, offering insights for
further quantitative/ qualitative studies and advancing
creativity development in engineering education.
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creativity; STEM; flow state; intrinsic motivation

. INTRODUCTION

In today's rapidly evolving world, driven by
globalization and technological advancements, the demand
for innovative solutions to unforeseen problems has made
creativity an essential 21st-century skill. As such, it is
crucial for education systems to prioritize the teaching of
creativity, enabling students to develop into versatile
professionals capable of addressing future challenges [1],

[2].

Despite this necessity, the integration of creativity into
educational curricula faces significant challenges, primarily
due to educator biases and the resulting lack of
environments that foster creativity [3], [4]. Anecdotal
evidence provided by Kazerounian and Foley [5] highlights
a prevailing mindset in contemporary engineering education
that undermines the value of creativity. Common beliefs
include the notion that engineering prioritizes accuracy over

creativity, views creativity as synonymous with chaos and
disorder, and sees creative behavior as conflicting with
academic and professional standards. Moreover, the myth
that creativity is an innate trait or that only eccentric
individuals can be creative further obstructs its acceptance
and development within the field [6].

Creativity, defined as a problem-solving skill
characterized by originality, fluency, flexibility, and
elaboration, involves producing novel, high-quality, and
aesthetically pleasing works that reflect the creator's values
and beliefs. It is also associated with transformational
thinking, which reinterprets existing knowledge or
experiences into new forms and patterns [4], [6]. Badran [1]
suggests that enhancing engineering creativity can directly
influence the techno-economic progress of a community
and therefore advocated for curricular reforms that include
problem-solving tasks, risk-taking, and multidisciplinary
activities that nurture creativity in engineering students.

Design activities in engineering programs are often
related to synthesis exercises that follow known
methodologies, except capstone design projects in the final
year, which allow higher freedom in design. However,
Kazerounian and Foley [5] argue that this is insufficient
training for harvesting students' creativity. Keller [7]
suggested that creativity is a learnable skill that can be
enhanced through systematic instructional design. By
creating active learning environments that adhere to
accreditation standards, engineering instructional programs
can effectively foster creativity [8]. Therefore, educators
must integrate  creativity-teaching  strategies into
engineering curricula to ensure students can practice and
enhance their creative thinking within the classroom.
Through this research, we aimed to address current issues
with creativity teaching frameworks in engineering
education by exploring new strategies combining the
integration of multidisciplinary arts and engineering and the
use of active learning in Virtual Reality (VR), which
previous literature suggests are pedagogically supportive for
nurturing creativity.

Il. LITERATURE REVIEW

A. Teaching Creativity through Integrated Art and
Engineering Curriculum

Research says employers are looking for individuals
with specialized knowledge in their field and a diverse range
of skills across multiple disciplines [2]. US universities'
General Education coursework requirement falls short in
preparing students for the full breadth of versatile careers
employers seek. Often, separate courses fail to link different
subject areas. Hence, a more integrated curriculum is



needed to support knowledge, inquiry modes, and pedagogy
from multiple disciplines [9].

Educational institutions have traditionally separated
engineering and art education, where the former focuses on
functionality and the latter on aesthetics. However, in
today's technology-driven world, there is a need for
innovative solutions that consider ethics, emotions, and
human relationships. Therefore, the traditional education
system needs to adapt so that STEM product developers can
think critically about their decisions' impact on consumers'
lives [10]. Educators are realizing the importance of
integrating arts with STEM curricula to train students with
scientific knowledge and humanistic discourse. Traditional
STEM courses focused on finding a single solution through
convergent thinking. However, adding arts to the
curriculum teaches creativity, imagination, and exploration
of solutions through multiple perspectives, known as
divergent thinking. This engagement in the design process
helps students gain a wider understanding of the subject and
its applications [11].

The University of Georgia conducted a study that
combined arts and engineering to teach creative thinking.
Results showed that the multidisciplinary approach made
learning more enjoyable, engaging, and emotionally
stimulating for engineering students [12]. These potential
benefits of combining science and arts education led
institutions to investigate new curricula for STEM teaching
with the integration of arts (STEAM approach, where A
stands for Arts) [13], [14]. SUNY Potsdam and Lockheed
Martin created a multidisciplinary curriculum combining
biology, computer science, math, music, psychology,
theater, visual arts, and vocal performance. The program
included domain instruction, integrated learning, and
problem-solving workshops. The curriculum advocated to
produce leaders with strong communication, organizational,
management, cross-disciplinary, divergent thinking, and
self-awareness skills [15].

Even Nobel laureates often practice creative skills like
visual arts, performing arts, crafts, photography, music,
creative writing, etc. [16]. Correlation statistics and
interviews have shown a positive relationship between
creativity and academic achievement [17], [18].

The STEAM curriculum offers STEM students new
domains and career paths to practice technological skills.
Contemporary art has evolved beyond traditional
techniques. Kinetic sculptures and interactive installations
have bridged the gap between art and engineering, creating
a multidisciplinary field [19]. Moritz Waldemeyer is an
engineer-artist who creates bespoke installations for
automobile brands and designs light-studded costumes for
music artists [20]. Joris Laarman used 3D printing to create
the world's first 3D-printed steel bridge, the MX3D Bridge,
in Amsterdam [21]. Behnaz Farahi uses computational
design and digital fabrication to create 3D-printed clothing
that reacts to the wearer's environment, addressing issues
like feminism and social interaction [22].

Educational institutions are integrating science,
engineering, and arts coursework to provide creative
learning avenues [23], [24]. However, there is little data on
the learning outcomes of this approach [18], [25].
Therefore, this research aims to explore the use of a
multidisciplinary curriculum integrating art and engineering

to better understand the learning outcomes, focusing on the
creativity construct.

B. Teaching Creativity through VR Environments

VR technology can take users to any location at any
time, making the educational experience accessible and
providing a safe space for practicing skills that otherwise
would be ethically unsafe and costly to practice in the real
world [25], [26]. VR offers many benefits in education due
to its immersive visual graphics that make users feel
physically present and encourage active participation in the
learning process. The interactive 3D VR environments
provide higher opportunities for engagement than
traditional 2D tools [27]. According to constructivism
learning theory, learning is improved when learners play an
active role in learning and constructing knowledge based on
their personal experiences through interaction with the
world rather than through instruction that simply
communicates knowledge [28]. Immersion in VR refers to
the objective level of sensory fidelity a VR system provides
because of its complex technologies that replace real-world
sensory information with synthetic stimuli such as 3D visual
imagery, spatialized sound, and force or tactile feedback
[29]. Thus, highly immersive and interactive VR supports
experiential learning as it gives learners greater agency over
the learning process through interaction with the virtual
world; consequently, the instructional design is highly
student-centered. Students in the engineering disciplines
need to develop the ability to visualize how objects behave
spatially to develop problem-solving skills, and 3D
visualization in VR has proven beneficial for improving
learners' spatial understanding [30], [31], [32].

Creative thinking can be nurtured in a constructivist
learning environment. Houtz and Krug [33] have explained
how thinking is a constructivist process. They state that
active involvement in the learning process facilitates higher-
order thinking that is associated with creativity, while such
cognitive aspects do not occur with just passive reception of
instruction. According to the theory of constructivism,
learning outcomes are improved when the instructional
environments allow individuals to construct knowledge
based on their personal experiences in the environments and
prior knowledge structures. The affordances of VR - like
immersion, embodiment, spatial learning, and interactivity,
can actively engage learners in the learning process and
potentially improve learning outcomes [27].

VR educational research has indicated some
shortcomings in the study methods, such as the need for
testing with a more diverse population, including higher
education learners, exploring various learning topics, and
longer interventions [18]. Due to the novelty of the VR
technology, the need for a pre-exposure to the VR
equipment before the actual study has also been suggested
[34]. Even though promising, literature reviews on existing
creativity research and the use of VR in education showed
that research in these areas is scant and restricted to brief
usages in non-controlled settings and lacks the integration
of learning theories [26], [35]. Moreover, previous
creativity research has mainly focused on understanding the
creative personality, and evaluating environments
conducive to creativity has been ignored [33]. Therefore,
there was a need to understand what environments affect
engineering students' creativity, which was explored in this
research.



I1l. THEORETICAL FRAMEWORK

The theoretical framework of this research was based on
constructivism, flow, and intrinsic motivation theories, and
it guided the conducted research. Fig. 1 illustrates the
research conjecture map, outlining how building kinetic
sculptures in VR was believed to influence learning
outcomes.
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Fig. 1: Conjecture Map showing the theoretical framework of the research

The environment’s embodied tasks included interacting
with 3D models to understand multidisciplinary engineering
dynamics and art concepts. It also had in-built tasks that
allowed VR learners to apply what they learned to build
kinetic sculptures. Harel and Papert [36] have noted that
such activities improve learning outcomes by providing a
situated context for the learning, which could create a desire
to consciously construct knowledge structures to engage in
the VR-building activity. According to the theory of situated
cognition, individuals learn through context-driven
experiences, “authentic activity” with the world [37]. Such
context-driven learning through exploration rather than
following a pre-established plan allows time to think,
dream, gaze, get a new idea, try it, drop it, or persist. Such
activities have been known to cause learners to engage in
divergent thinking, a creativity trait [38]. Hence, these were
considered the embodied features of the learning
environment. Another assumption was that embodied
STEAM learning can boost creativity by helping learners
see how the different fields intersect. This learning approach
has encouraged learners to apply their knowledge to fields
outside their discipline [10], [11], [15], [24].

The CAMIL [39] VR model explains how embodiment,
the feeling of owning a virtual body inside immersive VR,
can occur due to the experience of presence and agency.
VR’s technological affordances, like immersion and
interactivity, can lead to this embodiment. It was theorized
that the developed VR environment could cause immersion
and interactivity experiences by allowing the VR learners to
explore the space through 3D model interactions using the
left and right VR controllers for grabbing, placing, scaling,
teleportation, etc. The environment was designed to be
student-centered, as the learner would have the
agency/autonomy to make decisions during the sculpture-
building process through implicit interactions, such as if the
sculpture does not move as desired or explicit interactions
through audio/visual feedback. The sculpture building was
meant for the assessment of creativity.

The research design conjecture was that the embodiment
in the VR environment would cause mediating processes
like the flow state and intrinsic motivation experience
through the sculpture-building activity. A study was
conducted to analyze the creativity factors of architecture
and design education, focusing on two key elements - flow
state and motivation. The research compared immersive VR
and non-immersive learning environments and found that
body involvement in immersive VR resulted in a more

profound flow state and an elevated motivation to learn [40].
“Flow state™ is a positive observational state that occurs
when a person is completely involved in what she is doing
in a way that makes her lose her sense of time. Some studies
have shown a significant correlation between higher levels
of flow and intrinsic motivation with higher levels of
creativity [41], [42]. Hence, flow state and intrinsic
motivation insights guided this research by considering how
flow and intrinsic motivation can occur during the learning
tasks.

Further supporting the mediating processes is Deci and
Ryan's [43] self-determination theory (SDT). It defines
intrinsic motivation as engagement in an activity because
doing it causes a feeling of satisfaction. Per the SDT,
intrinsic motivation depends on the learner's needs for
autonomy and competence. Keller's [44] ARCS model
explains that giving learners control over their learning can
increase satisfaction. However, satisfaction can decrease
when learners are forced to engage or are motivated by
rewards. The interactive VR activities can support intrinsic
motivation by initiating feelings of autonomy-satisfaction.

According to the SDT, the other supporting variable for
intrinsic motivation is competence, which can come from
how well the learner feels he can succeed in the learning
tasks. Competence shares a connotation with the confidence
construct of the ARCS model, which is defined as the belief
in achieving success based on the ability to carry out actions
[45]. Building kinetic sculptures in VR was expected to
enhance learners' confidence and satisfaction, further
supporting their intrinsic motivation.

Theoretical conjectures linked mediating processes to
outcomes, with  previous research  demonstrating
relationships between flow state and intrinsic motivation
with knowledge gain and creativity [46]. Hence the focus
was on evaluating this theoretical framework through the
following research questions.

e \What factors contribute to the sense of embodiment
within ~a  multidisciplinary VR  learning
environment?

¢ Why does embodiment during multidisciplinary VR
learning mediate flow state and intrinsic motivation?

e What learning outcomes are observed using
multidisciplinary VR learning regarding knowledge
gain and creativity expression?

IV. METHODS

A. Design-based Research Methodology

We created a 3D interactive VR learning environment
(educational technology) using Unity software and C#
programming with a constructivist learning theory
framework to address the research questions. The study
used a design-based research methodology to view
educational technology as a process. Challenges arise when
comparing different media in studies, like attributing
significant differences in learning outcomes to novelty and
uncontrolled effects. Similar challenges arise in
investigating the efficacy of VR educational interventions.
The research used an exploratory approach, using
qualitative strategies to gather and evaluate data. The aim
was to develop a foundational framework for a
multidisciplinary ~ STEAM-based VR  educational



intervention, providing insights to inform further inquiry
and real-life implementations of VR multidisciplinary
curricula.

B. Context

The institutional review board of the University of
Connecticut approved the research design and protocol for
this study.

C. Participants

The seven students enrolled for the study (P1 to P7) were
from two undergraduate courses from all four years from the
Departments  of  Civil  Engineering,  Mechanical
Engineering, and Multidisciplinary Engineering (MDE) at
the University of Connecticut. Out of the seven participants,
five were male, and two were female, with GPAs ranging
from 2.4 to 3.92.

D. Design Tools and Tasks

Surveys show that engineering students are not often
challenged to think creatively or innovatively. Evaluation
assignments mainly involve solving traditional textbook
problems, suggesting that faculty do not highly value
creativity in today's engineering education [5]. We wanted
the participants in the study to apply the engineering
knowledge in a nontraditional way. The VR environment,
therefore, was designed with the aim of teaching
engineering dynamics with the integration of Kinetic,
assemblage, and optical art topics. Enrolled participants
came for three consecutive visits during the Fall 2023
semester to complete the study procedure. Participants
experienced the VR environment using the HTC Vive VR
equipment, completed the assigned tasks in VR, and later
participated in interviews to share their experiences. Each
participant was run separately, requiring 21 VR sessions to
complete the 7 individual 3-session protocols.

On each participant’s first day, they were given a short
tutorial on how to use the VR equipment, followed by Part
1 of the VR lesson, which consisted of an introduction to
kinetic art (art with movement) and the rotational motion of
rigid bodies (bodies moving in a circular path around a fixed
axis), and the relation between the two. It also involved an
introduction to rotational motion concepts of precession and
gyroscopes. On the second day, each participant
experienced Part 2 of the VR lesson, which consisted of
examples of assemblage art (three-dimensional work of art
made from combinations of materials including found or
purchased objects) and gyroscope application in the Hubble
space telescope. After the introduction to these topics
through interactive models in the VR environment, the
participant was exposed to a scenario where they are in
(virtual) space, looking at the Hubble experiencing a
malfunction of its gyroscopes. Participants were tasked with
creating a disguised satellite replacement for the Hubble that
would look like an artwork. They would have to apply the
art-making techniques of assemblage art and later test the
pointing control system by applying knowledge about
gyroscopes and reaction wheels that were introduced to
them earlier but in a different scenario. These learning
activities aimed to allow the participants to apply
engineering knowledge and think outside the box of normal
scenarios to find solutions. On the third day, they completed
the VR lesson's final part, which included an activity of
creating an optical art painting by applying the concept of
angular momentum conservation. The hands-on art-making

approach was hoped to make learning more interesting and
engaging.

E. Qualitative Instruments: Semi-structured Interviews

After the third VR session, each participant had a 30-45-
minute semi-structured interview that was audio-recorded.
They were asked about their previous experience with VR,
engagement level, time perception, motivation levels,
knowledge gain and creativity, challenges faced, and any
additional feedback regarding the VR learning experience.
Before use with participants, the interview questions were
pilot-tested with an industrial design course instructor to
check if the questions were understandable, and they
facilitated the information flow to support data in line with
the research.

V. RESULTS

A. Demographics

The participants had varying levels of familiarity with
VR technology. One participant mentioned that it was their
first time experiencing VR and that they hadn't been
exposed to it before due to the high cost of the equipment.
The rest of the participants had prior experience with VR
through gaming and other non-educational simulations.
These experiences were at home, using HTC Vive or Oculus
headsets, or at arcade venues.

Only a few participants were unsure what to expect from
the VR session. Most assumed that the VR experience
would involve the integration of engineering and art through
the use of 3D models. This information was provided to
them during the study's enrollment process, which shaped
their expectations for the educational nature of the VR
experience.

B. Thematic Codes

We analyzed the data collected from interviews using
NVivo 14. We used both axial and open coding to find
answers to our research questions and explore new theories
generated from this exploratory research. The sections
below cover the general themes observed for each research
question. Some of the participants' responses were lightly
edited for clarity.

1) Research Question 1: Why Embodiment was
Experienced?

The VR environment seemed to elicit embodiment
experiences in the participants. They reported psychological
experiences of presence and agency, which have been
mentioned in previous research as embodiment
characteristics. Presence in terms of an experience in
immersive VR has been defined as the feeling of being
there. It is known to be affected by the level of immersion
experienced, control factors like the degree, immediacy, and
mode of control allowed by the VR technology, and the
representational fidelity of the VR [39]. Immersion and a
sense of solitude and focus were reported as factors
contributing to the participants’ feeling of presence.

a) Immersion: Participants talked about the relaxing
background music and audio feedback in the VR
environment that made them feel that they were not being
bogged down with a lot of information, giving them a
feeling of being completely immersed in the learning
environment. P3 expressed feeling the VR environment as



“l found myself deeply engaged in a play within my
thoughts and psychology. | felt so involved in it that |
wanted to experience it fully, step by step. It almost felt like
my brain was completely convinced that | was actually in
that environment and fully present there,” which shows that
this participant experienced presence in the virtual world
through immersion, a characteristic of embodiment.

b) Sense of Solitude and Focus: Another theme
associated with participants’ feeling of presence was the
sense of solitude and focus experienced in the environment.
The participants were more attentive during the learning
because they felt like there was less distraction because
they were alone in the VR environment. As noted by P2,
“You are in a situation where you don't have to worry about
other people in your space. You're not bothered by anyone.
You're not like bogged down by having people talking next
to you,” which reflects the learning experience was positive
because it eliminated distractions. P3 further reinforced this
theme by saying, “Because it separates everyone who gets
in this environment from outside life and makes you focus
100% on what you have in your hand and what you wanted
to do and the task you need to learn.” The research
participants have stated that experiencing solitude with the
help of technology can benefit learning. However, it's
essential to consider that VR experiences like the Apple
Vision Pro have been criticized for causing isolation from
the real world. Patel [47] mentioned that “the Vision Pro is
such a lonely experience, regardless of the weird ghost eyes
on the front. You're in there, having experiences all by
yourself that no one else can take part in.” Hence, VR’s
usefulness must be considered on a case-by-case basis. The
VR learning in this research’s case was perceived as more
interesting, which led to a higher focus on the learning
material. Even if it was designed as a single-user
educational experience, the lack of a learning partner did
not negatively affect learning, as the participants stated.
One of the problems of students' lack of engagement is that
instructional content is often not presented in a way that
motivates students to engage cognitively. According to
information processing theory, materials capable of
capturing students' attention are more likely to be retained
as a function of memory. The dual store model suggests
that the learner's attention and recognition are necessary for
information to pass from the sensory register to the working
and long-term memory [48]. The instructional material
presented in this study seemed to increase attention,
engagement, and focus compared to previous learning
experiences in other regular classes, as specified by P2: “I
was alone 3D building instead of watching or drawing. This
environment eliminated distractions, allowing 100% focus
on the task at hand.”

Agency is another characteristic of embodiment that was
noted to be experienced in the VR learning environment.
According to the CAMIL model, immersive VR that allows
the user to control the parameters of the environment
through interaction, creates a higher sense of agency for the
user [39]. In this research, factors that pointed to the
experience of agency were curiosity and enjoyment due to
interaction.

a) Curiosity: Epistemic curiosity is defined as having
a drive to know because of a knowledge gap. This drive is

caused when participants are introduced to thematic probes
and strange, surprising, or puzzling situations or questions
[49]. While engaging with the VR intervention, P1
mentioned, “It’s almost mysterious,” which piqued their
epistemic curiosity for exploring. Furthermore, one
participant mentioned that they were driven to explore the
learning, “What do the sliders do? Let me move these
sliders. It's a thing with my brain where | see something
that's pushable, and | need to push it.”

b) Enjoyment due to Interaction: Participants also
expressed that VR learning was more enjoyable than
learning in a traditional class, as described by P1:
“Interacting with the simulation, exploring the
environment, and manipulating the levers made learning
enjoyable.” P4 also noted the benefits of this interactivity
in VR: “I preferred learning in VR because it was more
playful and less rigid than traditional classrooms focused
on memorization. | love being in an active space where |
can move around. It's liberating to be active with my body
and mind outside my usual sitting classes.” Literature
shares that active engagement during learning enhances
agency and facilitates the construction of knowledge
structures [50], and the study participants noted similar
experiences.

2) Research Question 2: Why Flow State was
Experienced?

According to the flow theory, there is a feeling of time
transformation during the flow state experience.
Participants expressed a loss of time consciousness in VR,
P2: “No time reference, no phone or watch. Fully immersed
in a different reality, time passes differently. Too focused to
notice a clock, like taking an exam and time flies.” P6
expressed time moving faster: “It seemed to pass quickly
because | was engaged and interested in what | was doing.”
These statements indicate that the participants experienced
time transformation, which is one of the constructs of the
flow theory [41], suggesting that flow state was experienced
in this educational environment.

3) Research Question 3: Why Intrinsic Motivation was
Experienced?

The interviews highlighted themes like control, the
relevance of art and engineering integration, satisfaction,
and interest in self-directed and project-based
multidisciplinary learning as factors contributing to the
intrinsic motivation felt during VR learning.

a) Control: Most participants expressed feeling in
control during the learning process because they could
explore the material at their personal learning pace. For
instance, P6 stated, “I had control of the learning because |
was able to work at my own pace, and it was different
because it was more one-on-one, like me with myself rather
than, like me listening to a teacher talk to 30 plus other
people.” P2 talked about having the freedom and ability to
delve deeper into the subject matter at their own will: “If |
wanted to delve into a topic in greater detail, | had the
option to review it. | could also rewind or fast-forward. This
approach enabled me to study the areas that were unclear
to me and revise the material. It was more enjoyable.”
These statements highlight that greater control over the
learning intrinsically motivated the participants to pursue
the learning.



b) Relevance of art and engineering integration:
Examples of intrinsic motivation occurrence were observed
when participants realized and appreciated the connection
between art and engineering fields and expressed a desire
to explore the topics further after completing the learning
module. Two participants, P2 and P4, from the MDE —
industrial design major, shared that they saw the
interconnectedness between the art and engineering fields
through the kinetic sculptures and became interested in
exploring the topic further in the future. Like P2 said,
referring to the optical art-making task shown in Fig. 2,
“Using math to guide the flow of a painting fascinates me.
Art and engineering are interconnected, and knowledge
gained in one field can enhance the other. Even small visual
details can improve a mechanical project. Creating
sculptures in VR is worth exploring, even for those who
oppose it.” P4 had a similar observation: “I learned about
the physics of kinetic sculptures and how factors like
torques and angular momentum come into play when
building moving artworks. Introducing kinetic sculptures
as a topic for discussing basic elements of physics was a
great idea, as it highlights the interdisciplinary nature of
these artworks.” Both of the participants had interests in an
interdisciplinary career that integrates art and engineering
and could see how the learning introduced in this study was
relevant for their future careers, and that increased their
motivation to pursue it, highlighting the role of relevance,

Fig. 2: Optical art-making in VR using engineering concepts

c) Satisfaction: According to SDT, intrinsic
reinforcement is more effective than extrinsic
reinforcement in boosting motivation. When students feel
they understand the topic, they experience satisfaction,
leading to internal learning motivation [43]. P2 said
building sculptures and Kinetic paintings in VR by applying
the concepts felt more rewarding than just doodling in a
notebook. This rewarding/ satisfying feeling resulted from
completing tasks and gaining a deeper understanding of the
learning topics. Unlike Skinner's theory of operant
conditioning [51], which uses positive and negative
reinforcements and punishments to shape behavior, VR
instruction supports intrinsic motivation development by
helping participants feel inherent satisfaction in the
learning process [43].

d) Interest in Self-directed and Project-based
Learning: Knowles's [52] andragogy theory describes that
adult learning is self-directed and problem-centered. In this
research with undergraduate adult learners, it was observed
that the absence of social interaction in VR was a cause of
internal motivation. P5 said, “Experimenting with
everything was enjoyable. I was in my own private world
with the freedom to do anything.” According to the adult

learning theory, adult learners prefer being self-directed
instead of relying on others to guide their learning. It was
learned from the curriculum that it helped participants
reflect at a meta level about what they are learning, as was
pointed out by P4: “I spent a bit of time focusing on what
was the purpose of making the three days, and then | was
like okay, now that I kind of know what I'm doing | should
like, do the assignments and see if I understand them.”
Also, participants appreciated the project-based
multidisciplinary activities. P2 mentioned, “I think
anything that mixes engineering and art is fascinating.
There's not enough of that. And just being able to take
something you learn in class and apply it artistically and
differently from what you would normally do in an
engineering class is just refreshing, and I'm all for it.” This
statement highlights that the student found applying the
engineering knowledge in an art project interesting and,
therefore, was motivated to engage in the learning. The
hands-on aspect was also a cause of intrinsic motivation, as
was noted by P4: “I think it's a lot more comparable to when
people say they learn hands-on; | think this is closer to what
they mean like more visual representations and more
intuition-based learning compared to... I'm harping on the
physics equations thing, but the biggest contrast here was
that this was a very touch-see-learn experience where you
get your intuition or sense of how things work a lot better
rather than your number crunching.”

4) Research Question 4: What were the Learning
Outcomes?

The study investigated two outcomes: the effects on 1.
Engineering and Art content knowledge, and 2. Creativity
development. Participants reported that interacting with 3D
models in VR and contextualizing the learning using a
multidisciplinary approach improved their understanding of
the learning topics.

a) Knowledge gain due to interaction with 3D
models: With respect to knowledge, participants mentioned
VR improved their understanding of the concepts through
the 3D models that they could interact with in the
environment. P1 shared his experience with learning the
concept of precession: “On Day 1 of the sculpture project,
we were able to apply force to the arm, which then applied
torque to the rotating gyroscope. This helped me
understand precession in a way that | hadn't before.
Although | had worked in a manufacturing plant that made
gyroscopes, we only got a PowerPoint presentation on
precession. By modifying the sculpture's parameters, |
could visualize what happens when a gyroscope precesses.
It also helped me understand why every gyroscope will
precess because there's always a little torque on it. Having
a physical model of it was great because, in a classroom
setting, there isn't as much time to play with it as in a VR
environment, where you have more freedom to interact
with it. It was a pretty cool thing to be able to do.” P4
mentioned that the 3D interaction made it more intuitive to
understand abstract concepts they had found difficult to
understand in 2D learning: “Torque was hard to understand
in my physics class, but it became intuitive when |
experimented with an actual object in 3D space. | can now
apply it better to problems involving 3D objects and
torque.” Thus, based on participant feedback, it appeared



that incorporating interactive visual aids into engineering
topics was highly beneficial.

b) Multidisciplinary Curriculum provided Context:
During the interview, participants were asked about their
experience learning in a multidisciplinary way and
applying both engineering and art knowledge to complete
the sculpture-building task. P4 answered, “Art allowed me
to contextualize the physics | was learning. While making
the sculpture, | had to consider the underlying physics
principles. This forced me out of my comfort zone,
confronting concepts like kinetic sculptures and optical
illusions, and ultimately leading me to engineering
principles.” According to Jasper adventure experiments,
presenting learners with “what if”” questions through stories
helps them to be flexible in contextualizing learning in
different scenarios, and helps them to integrate and transfer
knowledge from multiple fields to answer a question [53].
In this study, that question was, what if the Hubble breaks
down, and you need to create a replacement satellite that
looks like an assemblage sculpture but is also functional
with a pointing system consisting of gyroscopes and
reaction wheels. Based on the participants' answers in the
interview, it was observed that the narrative context of the
Hubble was beneficial for the transfer of art and
engineering knowledge.

¢) Multidisciplinary Curriculum Reduced Stress:
The multidisciplinary education approach improved
participants' learning experience. When asked about their
engineering learning experience with art integration,
participants noted it was less stressful and enjoyable:
“Artistic learning is less stressful and more interesting than
traditional classrooms.” With the introduction of art, there
was an element of surprise in the learning, which
participants found interesting: “an unexpected way of
learning.”

d) Learning art concepts: When asked what they
learned in the VR experience, P6 mentioned, “I learned
about the history of kinetic sculptures, who invented them,
and how they work.” After the VR experience, P4 reflected
on his strategy while building the sculpture: “I think the
biggest one | was thinking of was color and how it was
shown in space. For sculpture, | think my goal was
simplifying the sculpture’s form.” P7 also shared, “I was
trying to use complementary colors to enhance the visual
appeal of my sculpture.” These statements indicate that
engineering students were focused on learning about the art
history of kinetic sculptures and were also striving to apply
art concepts, such as the elements and principles of design,
to create more appealing sculptures.

The semi-structured interview questions employed
creativity self-assessments to understand participants’
beliefs about their own creativity in the context of this study.
The themes highlighted were that creativity was improved
because of the experimentation allowed in VR and that the
narrative storyline of the environment impacted
participants’ creativity.

a) Improved Creativity due to Experimentation: In the
interview, the participants were also asked to compare the
learning tasks in this research with their previous learning
experiences, and they mentioned that certain aspects of the
multidisciplinary VR mode were better than learning in

regular classes because it allowed them to think more
openly of solutions and also give them the ability to
experiment, both of which in their opinion helped them to
be more creative. According to P2, “It's like a project where
you're given a task but can come up with your own
approach. For example, while designing the Hubble
sculpture. Different people may create something that looks
more organic but serves the same purpose.” Studies
conducted to investigate the obstacles to creativity
development in engineering courses have highlighted that
the absence of open-ended assessments that encourage
divergent thinking is a major issue [4]. The research
findings underscored the significance of this problem.

Engineering students in the past have stated that they
would be more creative if they could experiment and take
more risks in their curricular projects, allowing them more
freedom to practice creativity [5]. This research’s
participants also thought that the experimentation allowed
during sculpture building helped them to be more creative.
One such instance was noted by P4, who stated that they
can build something with more artistic freedom as they
need not consider the laws of physics, “VR offers more
creative freedom than the physical world. In VR, artists can
ignore the laws of physics and push their creativity beyond
what is possible in real life. For instance, sculpting in VR
requires no consideration of gravity, allowing artists to
create objects not limited by the laws of physics.” P7
thought, “I liked the color selection system and the ability
to work with larger formats. It's expensive and difficult to
find resources for large format works, but the virtual
environment allowed me to use infinite materials and work
on an unlimited scale.” Some participants, like P1,
attempted the VR tasks multiple times with a different
approach each time: “The first time, | was very focused on
the learning objective. The second time going through
things, | felt more creative because | knew how to operate
the interface. | could just play around and have things go
directly from my brain to what's in the VR environment.”
This quote informs that multiple attempts at the problems
in VR enhanced the creative thinking processes.

b) Impact of narrative context on creativity: Another
finding was the impact of narrative on creativity. Research
says that instruction presented with a storyline/ narrative
provides a context for learning and has better learning
outcomes due to increased motivation. These have been
attributed to increased presence, self-efficacy, interest, and
perception of control [5]. P4’s statement below emphasizes
how the Hubble narrative impacted the creative decisions
he made while building the sculpture: “I believe that when
creating scenarios for people to work with, the scenario
itself can heavily influence the ideas that come to mind. For
example, when working on the gyroscope activity with the
scenario of Hubble in space, | thought about rocketships
much more than if | had simply been given the tools
without any context.” This particular statement refers to
how the introduction to being in extraterrestrial space
around the Hubble influenced the student's creative
decision to build a sculpture that looks like a rocketship
(Fig. 3). In the book “How People Learn,” the authors
explain how previous experiences affect transfer because
sometimes learning new information becomes difficult if



there is a solid pre-existing knowledge base [54]. In this
case, it was observed that the student's creativity was
limited due to their prior knowledge base of space and
rockets developed after experiencing the presented
narrative. Despite being tasked to create an artwork that did
not resemble a space machine or satellite, the student could
not register this information due to pre-existing schemas
developed from the narrative.

Fig. 3: Rocketship inspired VR sculpture

V1. LIMITATIONS, CHALLENGES, AND FEEDBACK

The VR environment developed for this study had some
limitations that posed challenges to learning. Firstly, the
program only allowed the user to teleport on the floor level
of the environment, which precluded an aerial view and
made it difficult for some participants to see everything they
wanted to. Secondly, it was suggested that having an
interactive mathematical equation alongside the interactive
models would make the VR environment more engineering-
oriented. Additionally, the VR program was a single-user
experience, which some participants felt was not learning-
conducive. Research has shown that learning can be
effective as a social activity that requires regular interaction
with a community of practice [55]. Thus, future studies
should aim to make multidisciplinary VR experiences
multiuser or provide additional collaborative learning
experiences, such as collaborative discussions on learning
management system (LMS) platforms, to engage learners in
a social learning setting.

Another challenge was the novelty of the VR equipment.
As many of the participants were using the equipment for
the first time, they found it initially difficult to learn the VR
controls. Not having fluent VR users may have limited the
learning outcomes. One of the participants, P3, compared
the experience to driving in New York City, where you need
to have more than one set of eyes to keep track of everything
around you. Another participant, P5, said that getting used
to the controls took some time. This novelty might have
affected their learning experience with this medium.
Participants also reported some initial discomfort after
wearing the VR headsets, which disappeared as they spent
more time in the experience. One participant mentioned
they were already stressed because it was the midterm exam
week when they participated in this research study. They felt
that being in a stressful state of mind in VR aggravated the
stress and made them experience cybersickness.

VII. CONCLUSION

This research paper proposed that a multidisciplinary
VR learning environment could benefit undergraduate
students' creativity development. Preliminary findings
suggested that the proposed learning environment positively
influenced creative performance in cross-disciplinary visual

arts and engineering topics. Participants noted heightened
embodiment, flow, and intrinsic motivation. Feelings of
presence and agency characterized embodiment in VR.
Flow states were induced as participants lost the sense of
time, with the perception of time moving faster in VR.
Intrinsic motivation stemmed from feelings of confidence,
relevance, and satisfaction in the learning tasks, validating
constructs of constructivism, SDT, and Keller's motivation
model. Self-directed and project-based learning also
supported intrinsic motivation development. The beneficial
outcomes of the reported learning environment included
knowledge gain and a higher creativity expression because
of improved spatial visualization, divergent thinking, and
experimentation. It was also learned that narrative of the
environment affected creativity. Some participants
struggled with VR learning due to its novelty, the equipment
learning curve, the negative impact of pre-existing stress,
and the desire for multiuser collaborative sessions.

Future research on VR should recruit skilled VR users,
expand the sample size of participants, and extend the
interaction time. Quantitative instruments like pretests-
posttests, surveys and creativity tests can validate results
[46]. Although the small sample size limits generalizability,
the qualitative results from this research have generated
testable hypotheses for further quantitative randomized
control trials using survey instruments. They lay the
groundwork for STEAM and interactive VR pedagogy to
contribute to creativity development. The findings highlight
the positive impact of VR and multidisciplinary instruction
in engineering, offering a basis for innovative teaching
practices.
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