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Figure 1: Three of the seven VR prototypes developed for a museum client in a 2024 undergraduate design studio. Left: an
escape room to find virtual artifacts. Middle: a mini game where users create a movie set to match an image. Right: solving a

puzzle by coordinating with others to find the hidden codes.
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Abstract

As virtual reality hardware becomes more widely available, there
is a critical need for pedagogical models that move beyond tech-
nical software training and toward better ways to teach human-
computer interaction and accessible design for creating virtual
experiences. This paper presents a longitudinal study of an under-
graduate design studio in which students developed multi-platform,
multi-user virtual reality prototypes over the course of a semester-
long project. Across two years (the winter semesters of 2024 and
2025), we analyzed the development process of 45 student partic-
ipants (Nyp24 = 26; Nygas = 19), creating 13 immersive learning
experiences for clients in a museum (Nzp24 = 7) and new media
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arts (N25 = 6) context. Through reflexive thematic analysis of the
first year’s 239 developer reflections, researcher observations, and
a systematic codebook analysis of over 160 interaction instances,
we identify five pedagogical challenges that hinder novice VR de-
velopment. We subsequently validate these findings against data
from the second year participants (N = 19) to ensure longitudinal
consistency. Primary among these is "Platform Bias," a tendency for
developers to prioritize desktop-based interfaces over immersive
head-mounted display interactions due to development friction,
and the "Accessibility Gap," where inclusive design is often treated
as a secondary "optimization" rather than a core requirement. We
illustrate these findings using two case studies from the 2025 cohort
written by the students who developed them: The Journey, which
used abstract aesthetics to overcome mobile hardware constraints,
and Echoes of the Mind, which implemented novel multisensory
brainwave visualizations. To address these pedagogical challenges,
we propose five Teaching Considerations that prioritize "creator
experience" and the transparency of the development frameworks.
This work contributes to the limited literature on VR pedagogy by
providing a data-driven foundation for training the next generation
of developers to create usable and inclusive virtual worlds.
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1 Introduction

Teaching the design and development of Virtual Reality (VR) ap-
plications poses a unique pedagogical challenge as it requires stu-
dents to navigate a significant leap in spatial and interaction com-
plexity compared to traditional 2D user interfaces (Uls). While 2D
web and mobile development benefit from decades of established
design heuristics and standardized layout frameworks, 3D user
interfaces (3DUIs) require a multidisciplinary understanding of
user agency, physical-virtual environmental conflicts, and multisen-
sory feedback loops [20, 21, 24, 29]. This increased complexity in
Human-Computer Interaction (HCI) means that creating a "usable"
experience in VR involves far more than visual layout; it requires
managing user comfort, spatial navigation, and accessibility as core
technical constraints rather than secondary optimizations [13]. As
VR matures into a viable medium for mainstream educational con-
texts [25, 29] and social platforms [4], there is an urgent need for
active pedagogical models and standards to train developers to
prioritize human factors.

This paper addresses this gap by presenting a two-year study
of a design studio grounded in a Universal Design for Learning
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(UDL) [7] approach to VR teaching and development. Students were
challenged to consider VR accessibility and develop multi-platform,
multi-user VR experiences for real-world clients: a science museum
in the first cohort (2024) and a new media arts exhibitor in the
second cohort (2025). By treating multi-platform compatibility as
UDL'’s "multiple means of representation” [19, 30], students were
required to confront the high-dimensional complexity of 3DUI de-
sign within the practical constraints of the GLAM sector (Galleries,
Libraries, Archives, and Museums) [10]. However, this revealed
a bias towards familiar non-immersive platforms, such as desk-
top, and towards visual-first design and development, with HMD
development, accessibility, and sound treated as lower priorities.
Through a reflexive thematic analysis of 45 student developers,
we identify five Pedagogical Challenges (PCs) and offer five cor-
responding Teaching Considerations (TCs). These contributions
provide a foundation for standardizing VR pedagogy and develop-
ing future teaching toolkits to support the creation of equitable,
usable virtual worlds.

1.1 Study Context and Methodology

Over 12-week cohorts in 2024 and 2025, students in a third-year
post-secondary design studio were tasked with developing multi-
platform, multi-user VR prototypes (supporting desktop, mobile,
and HMD). In the 2024 cohort, 26 students with minimal web pro-
gramming experience and no prior VR development history formed
7 teams. To facilitate development across disparate hardware plat-
forms, we used the WebXR-based frameworks A-Frame [2] and
Circles XR [30], which provide native support for multi-platform,
multi-user deployment [26, 31]. In the 2025 cohort, 19 students
formed 5 teams.

Our data collection was longitudinal and multi-modal, compris-
ing weekly developer reflections, researcher observations of mile-
stone presentations (Alpha, Beta, and Final), an end-of-term focus
group, and participant-observer field notes recorded across 64 con-
tact hours (16 four-hour sessions). In 2025, we repeated this study
with a second cohort (N = 19) working with an arts organization
client to cross-reference and validate our initial findings. Two stu-
dent projects from the 2025 cohort are detailed as case studies,
written by the student developers who created them, to illustrate
the development process and the navigation of technical friction.
This research is guided by a central exploratory question: What
pedagogical considerations can be derived from these studio-based
experiences to standardize and enhance future VR instruction?

The contributions of this paper are:

(1) A longitudinal investigation into how students create multi-
user multi-platform VR experiences.

(2) Identifying five challenges in teaching multi-platform VR
development.

(3) Defining five educational considerations to address these
challenges.

(4) Adding to the existing corpus of VR teaching, an example of
multi-platform, multi-user VR development using WebXR
with real-world clients.
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2 Related Work

Early VR pedagogy established foundational principles for class-
room integration by emphasizing hands-on, project-based learn-
ing to navigate the medium’s inherent technical complexity [6, 9].
While these works highlighted the need for curricula that nurture
creativity alongside technical proficiency, they were largely de-
veloped for siloed laboratory environments. Contemporary XR!
instruction has since shifted toward interdisciplinary and reflective
practices, utilizing cross-disciplinary teams [11], design sketching
[37], and scaffolded pathways for diverse learners [34] to mirror
industry workflows and ethical considerations.

To overcome resource limitations and HMD equity gaps [25],
recent methodologies prioritize accessible, web-based tools that
support independent project progression and iterative feedback [13,
15]. Solutions such as WebXR [26], mobile AR [28], and economical
hardware systems [3] enable multi-platform prototyping without
the strict requirement of high-end headsets. However, despite these
advancements in scalability [22, 23], significant hurdles remain
regarding instructor readiness [32] and the seamless integration of
creative and technical workflows [16].

This shift in pedagogy necessitates a transition from viewing
VR as a "technical artifact" to focusing on the Creator Experience
(CX)—the cognitive and technical friction between a novice de-
veloper and their spatial computing framework [31]. The high-
dimensional complexity of 3DUIs creates a unique "logic gap" for
learners that traditional 2D interfaces lack [16]. We argue that
many high-level VR engines function as "black boxes," obscuring the
spatial logic required for true VR+HCI innovation. Consequently,
while accessibility is a common pedagogical goal, it remains under-
theorized in classroom contexts. Following previous work [29], we
define accessibility not merely as a feature set (e.g., subtitles), but
as a Universal Design for Learning (UDL) requirement that also
mandates cross-platform parity.

A critical gap thus remains in HCI-grounded, multi-platform VR
development conducted under real-world client constraints. Our work
builds on the client-focused studio model [11, 15] to investigate the
"Accessibility Implementation Gap," where high design intent for
inclusion fails to translate into technical execution due to work-
flow complexities. By framing VR frameworks through "Glass-Box"
transparency [30], we offer pedagogical insights for standardizing
inclusive social VR education.

3 The Study

We conducted a two-year longitudinal case study within a third-
year undergraduate design studio (N = 45). This section details
our methodological approach and analysis. By triangulating data
from two distinct cohorts (Museum 2024 and New Media 2025), we
establish a foundation for the five proposed Pedagogical Challenges
(PCs) and the subsequent Teaching Considerations (TCs).

3.1 Methodology

Here, we describe the course and study design, data collection,
and analysis. This work was approved by the Algonquin College’s
Research Ethics Board (Protocol: 2024-Jan-Scavarelli).

!Extended Reality (XR) serves as an umbrella term encompassing VR, Augmented
Reality (AR), and various mixed-reality forms [27].
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Table 1: Course Structure and Milestone Timeline

Week Minor Milestone (Reflections) Major Milestone (Deliverables)
4-5 Reflections 1-2 Proposal / Concept
6 Reflection 3 Alpha Presentation

Academic Winter Break

7-9 Reflections 4-6 Iterative Development
10 Reflection 7 Beta Presentation
11-12 Reflections 8-9 Final Polish / Optimization
13 Reflection 10 Final Showcase

3.1.1 Course Structure. This full-credit Algonquin College design
studio (8 contact hours/ week) is a third-year requirement in the
Bachelor of Information Technology: Interactive Multimedia and
Design (BIT: IMD) program - a joint program between Algonquin
College and Carleton University?. The curriculum emphasizes an
HCI perspective, specifically focusing on interaction retargeting, en-
suring usability across desktop and HMD, and user agency within
the constraints of web-based spatial rendering. The studio model
transitions from foundational lectures on reality-based frameworks
[17] to self-guided, agile group development. Foundational refer-
ence materials include works by Jerald [18], LaViola et al. [20],
and MacKenzie [21]. The course assessment (see Table 1) balances
individual technical proficiency (42%) with group-based project
milestones (48%).

3.1.2  Study Design and Context. We conducted a two-year longi-
tudinal study across the 2024 and 2025 cohorts. In 2024, students
developed a "VR escape room" for a museum client to enhance
engagement with 3D-scanned artifacts. In 2025, the study was repli-
cated with an arts-organization client to validate the findings in
a different GLAM (Galleries, Libraries, Archives, and Museums)
context. To address hardware equity and accessibility, students had
access to Meta Quest 3 HMDs for testing but were mandated to
ensure multi-platform compatibility. To mitigate bias, Researcher 2
(R2) and Researcher 3 (R3) acted as neutral participant-observers,
managing consent and anonymizing all data. The lead instructor
(R1) remained blinded to the data until after final grades were sub-
mitted. This "Action Research" approach allowed R1’s expertise as a
framework contributor to assist in troubleshooting while ensuring
the research analysis remained objective.

3.1.3  Participants. We utilized convenience sampling of students
enrolled in the course. In 2024, 26 of 29 students consented; in 2025,
19 of 29 students consented, for a total of N = 45 participants.
Data was not collected or analyzed from non-consenting students.
Pre-study questionnaires characterized both cohorts as "heavy tech-
nology users but novice VR creators": 92-100% reported extreme
comfort with digital technologies, yet 73-84% reported zero hours
of prior HMD VR usage per week. Due to ethics board requirements
for small-cohort anonymity, age and gender demographics were
not collected.

3.1.4  Software and Tooling. Students utilized the Circles XR learn-
ing framework, built upon A-Frame [2]. Unlike closed-source alter-
natives, Circles was chosen for its "Glass-Box" transparency, which

Zhttps://bitdegree.ca/



Gl 26, June 09-12, 2026, Kitchener-Waterloo, Ontario

Table 2: This table presents the supported VR platforms for
each group project in the 2024 cohort: desktop VR (DVR),
mobile/tablet VR (MVR), and HMD VR (HVR). Additionally,
the table indicates whether accessibility or social features
beyond Circles’ specific implementation were fully imple-
mented (x%) or only partially implemented (x) in the 2024
cohort.

Group DVR MVR HVR Accessibility Social
1 *k *k *k *
2 ok ok * Hok
3 *k *
4 Hok *k ok
5 ok ok ok Hok
6 Hok ok ok
7 ok *

makes the entire framework accessible and modifiable, enabling stu-
dents to explore, modify, and understand the underlying codebase.
Other common VR development frameworks, such as Unity and
Unreal, were also considered, but since developing multi-platform
VR experiences for learning contexts was a core requirement, we
decided that creating build targets, installs, and code-signing for
each respective platform (e.g., desktop, mobile, HMD) would in-
crease testing and tooling development frictions beyond the scope
of the class. WebXR frameworks such as A-Frame and Circles, by
comparison, support a build-once, deploy-everywhere model, avail-
able in any supporting browser, such as Chrome. Students also
used GitHub for version control and Visual Studio Code as their
IDE. These tools were selected to align with professional WebXR
specifications [40] and to require students to confront the technical
challenges of web-based networking and multi-platform interac-
tions.

3.1.5 Data Collection and Analysis. Data collection comprised of
weekly text-based reflections (N = 10 per student), transcriptions
of milestone presentations, researcher field notes (64 contact hours
per year), and a concluding semi-structured focus group. We em-
ployed Reflexive Thematic Analysis (TA) [8], moving through itera-
tive phases of familiarization, coding, and theme development. R1
and R2 coded the 2024 data independently to establish a thematic
framework; R3’s 2025 data were then used for temporal triangu-
lation, cross-referencing Year 2 reflections, and the Section 4 case
studies, against Year 1 themes to ensure findings remained stable
across different clients and student cohorts through a deductive
coding approach. Due to the lower number of students who con-
sented to the study in 2025, we acknowledge that the identified
themes in this cohort are weaker than in 2024, but the process was
still meaningful as the codes and themes that emerged remained
similar to the larger dataset of the 2024 cohort.

3.2 Study Results

Our findings are derived from a reflexive thematic analysis of 45
student developers across two cohorts [8]. While N = 45 students
were studied in total, the initial thematic framework and deep-dive
interaction analysis focused on the 7 projects from the 2024 cohort
(as shown in Fig. 1 and Table 2). To ensure longitudinal consistency
and the stability of our findings, data from the 2025 cohort (N =

Scavarelli et al.

A Timeline Across Major Milestones: Ratio of Codes
Mentioning Design (Des.), Development (Dev.), and
Optimization (Opt.)
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Figure 2: A normalized visualization showcasing the ratio
of codes noting 3D creation, Accessibility, Coding, Platform,
and Social Development were found in the minor milestones
(participant reflections) where work was completed for each
major milestone (alpha, beta, and final presentations) of the
2024 cohort. The high-level codes were thematically grouped
into the design (Des.), development (Dev.), and optimization
(Opt.) phases, illustrating how priorities shifted over time

throughout the project.

Table 3: Mapping Pedagogical Challenges (PCs) to Student
Reflections across 2024 and 2025 Cohorts.

Pedagogical
Challenge

2024 Student Reflection
(Museum)

2025 Student Reflection (New
Media Arts)

PC.1: Platform
Bias

"Developing on a laptop made it
easy to ignore how the UI felt in
the headset. We only realized the
buttons were too high once we
did the final VR export."

"The lag on the mobile headset
was a shock compared to the
desktop preview. We had to strip
away half our lighting effects
just to make it playable.

PC.2: Expectations
vs. Exploration

"The client wanted a very literal
‘museum’ look, but we felt that
just placing 2D pictures on 3D
walls was a waste of what VR
can actually do”

"I felt stuck between making a
’safe’ project that met the brief
and trying a more abstract
interaction that I wasn’t sure
would work by the deadline”

PC.3: Workflow

"We spent three weeks just
trying to get the 3D models to
export correctly with textures.

"The technical hurdles of asset
optimization were constant. It
felt like the creative design part

Paralysis By the time they were in, we had . X
Y n(}), time left for};he actual was always being pushed aside
o to fix broken gITF files."
coding
'The framework handled the “[ finally understood how

PC.4: Glass-Box
Logic Gap

’grabbing’ but I didn’t
understand how. When I wanted
to change the distance of the
grab, I was totally lost in the
black box."

’parenting’ worked in A-Frame.
Before that, every time I moved
the camera, my UI disappeared
and I didn’t know why"

PC.5: Accessibility
Gap

"We planned to add audio
narration, but it became a
‘nice-to-have’ feature that we
ran out of time for because the
visual bugs were more urgent.'

"Accessibility felt like a checklist
we had to do at the end. We
didn’t really design with it in
mind from the start, so it felt like
an afterthought.”
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19) were used for temporal triangulation, cross-referencing Year 2
reflections against Year 1 themes. From this analysis, we identify five
primary Pedagogical Challenges (PCs) (Table 3) that characterize
the tension between HCI intent and technical execution (Table 4).

(PC.1) Platform Bias: Participants prioritized desktop VR work-
flows because of their familiarity with development environments.
While all 2024 teams (n = 7) achieved desktop functionality, only
28% successfully implemented HMD support (Table 2). This "Desk-
top Trap" led to deferred testing; as one student noted, they assumed
“locomotion... will remain consistent across platforms,” failing to
account for the unique spatial requirements of HMDs.

(PC.2) Expectations Versus Exploration: Balancing "client
authenticity” (e.g., high-fidelity museum scans) with performance-
constrained creative exploration. Students reported feeling "less
incentive to go farther" when restricted by narrow client prompts,
leading to a focus on compliance rather than innovation.

(PC.3) Workflow Paralysis: 3D modeling and glTF optimiza-
tion consumed disproportionate effort. The friction of "fiddling"
with textures to support mobile performance crowded out time for
HClI-specific interaction design, as seen in the low frequency of
"Optimization" codes in Figure 2. Though higher-level frameworks
such as Unity and Unreal have more feature-rich 3D importers
that support and convert multiple 3D formats automatically, opti-
mization of the 3D models so that work well across different VR
platforms suggests challenges beyond the development framework
chosen (e.g., Circles, A-Frame, Unity, or Unreal) and more knowl-
edge required on 3D formats and construction and how best for VR
designers and developers to create 3D assets that are high-fidelity
and performant.

(PC.4) Glass-Box Logic Gap: While high-level coding was
sparse, students struggled with the underlying spatial logic of A-
Frame. The transition from "black-box" usage to "Glass-Box" tin-
kering (e.g., understanding camera parenting within the develop-
ment frameworks) was the primary threshold for technical break-
throughs. However, in some cases, additional guidance from instruc-
tors was required (e.g., ad hoc lessons on 3D computer graphics
fundamentals) to support student learning.

(PC.5) Accessibility Gap: Despite client mandates, visual de-
sign consistently took precedence. Only 57% of the 2024 groups (4/7)
implemented accessibility features beyond default settings (Table
2). Audio and inclusive Ul were frequently "delayed" in reflections,
prioritized only after visual aesthetics were finalized.

3.2.1 Longitudinal Stability (2024 vs. 2025). While the primary the-
matic framework was derived from the 2024 cohort, data from the
2025 cohort (N = 19) were analyzed using a deductive thematic
approach to evaluate the stability of these Pedagogical Challenges,
using the 2024 codes as a starting point. Despite the shift in client
context (from Museum to New Media Arts), 100% of the 2025 stu-
dent reflections mapped directly to the five identified PCs. The most
persistent challenges across both years were PC.1 (Platform Bias)
and PC.3 (Workflow Paralysis), appearing in 84% and 79% of reflec-
tions respectively. This continuity suggests that these frictions are
inherent to the novice 3D development cycle rather than specific
to a single project type, and that many challenges can be gener-
alized across varying development contexts, thereby also offering
opportunities to generalize VR teaching methodologies.
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4 Case Studies

The following two case studies were authored by the student de-
velopers (Authors 4-13) as part of their final project post-mortems.
These narratives provide a qualitative, autoethnographical view of
the design and development process, highlighting how the pedagog-
ical challenges (PCs) identified in previous sections were navigated
within specific creative contexts. Note that the student case-study
authors were not involved in any analysis or writing outside of
these case studies.

Figure 3: At the beginning of "The Journey" and meeting
the virtual guide - Gea, a question is posed to the user on
the path, and the Final statue gallery with users viewing the
saved avatar of another user who has completed The Journey.

4.1 "The Journey": Virtual Self-Reflection

Overview: Virtual Reality (VR) is a powerful tool for exploring
embodiment [14], learning [29], and self-reflection [5]. Similar to
Bahng et al. ’s work on VR as a reflexive storytelling medium and
the identified dimension of "The Use of Abstract and Minimal Aes-
thetics" [5], we built "The Journey" as a multi-user, multi-platform
interactive experience in which individuals journey through ab-
stract environments and define their avatar’s appearance. The Jour-
ney explores personal narratives, guiding the user along a path but
allowing them to influence an outcome (how the avatar appears).
The choices made and the resulting shapes the user embodies as
their avatar are intended to prompt self-reflection both within and
beyond the VR experience.

At the beginning of the experience, the user encounters a godlike
character named Gea, who introduces the user (Figure 3). The user
walks down a path containing several personal questions. Along the
path, they are confronted with questions such as "What is success?"
and "When you are thinking, where do you spend the most time?"
As the user makes these choices, they will be rewarded with an
abstract shape representing that decision, which will attach to their
avatar. The user will experience several of these trials and, in the
process, become a walking piece of unique abstract art, representing
how their choices have shaped their body shape and colour.

Once the user has completed their journey on the path, they
can add themselves to a gallery alongside other users who have
similarly walked the path (Figure 3). This social VR element allows
users to share their unique experiences with others. The Journey
was developed using the learning VR framework Circles [30], which
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allows us to focus on simple individual and social interactions that
scale across multiple VR platforms, such as mobile phones and
standalone VR headsets (e.g., the Meta Quest 3). Building for lower-
powered mobile platforms inspired an abstract visual approach that
aligned well with Bahng et al. ’s observation that abstract visuals
"allowed people to project their feelings and thoughts onto the
piece with some emotional distance" [5].

Design: As The Journey was created for educational contexts, it
was important to us that it be accessible and available on a variety
of devices, with each device having a control scheme that fits its
hardware. We implemented several accessibility options, including
keyboard and mouse controls for PC players, tap-to-move controls
for mobile, and teleportation pads for VR. The teleport pads also
help avoid cybersickness commonly experienced in VR, though
joystick "smooth locomotion" options were also available for ad-
vanced users. Beyond platform-specific controls, we also included
narration for all questions and answers to help visually impaired
individuals better understand the questions.

The Journey is intended as a metaphor for self-discovery. The
main draw of the experience is that your choices are reflected in
your avatar as you progress. It’s an explicit way to show how our
choices define who we are, not only to the world around us but
also to ourselves [35].

It is essential that the questions affect your character’s outcome,
but they don’t always end the same way. For example, the output
is partially random, ensuring that every individual who passes
through the experience will be at least slightly different, whether
it’s a subtle hue shift or a stretched or squashed shape; every user’s
avatar is unique, even if multiple users have the same answers.
Once the user is finished, they enter the gallery, which is filled with
statues, allowing them to observe the different outcomes of others
who have also completed The Journey. At the end of the path, users
will finally see the artwork they have become as a result of all their
choices. However, they may not fully understand what that means.
By the end of the path, your character is left behind in the gallery
as evidence of your journey, and how the choices you made, though
different, led you to the same place as everyone else.

Figure 4: The main hub environment of "Echoes of the Mind."
The coloured spheres are placed in cylinders near each of the
three experience doors (Alpha, Delta, Gamma) and serve as
voting tools to asynchronously communicate to other users
what you thought of each experience.

Scavarelli et al.

4.2 "Echoes of the Mind": Learning about
Brainwaves Through Visual Analogy

Overview: In neuroscience, brain waves are electrical signals as-
sociated with different cognitive states [38], yet they are typically
presented only as diagrams or text. To make learning more engag-
ing and accessible, we developed Echoes of the Mind, a prototype
virtual reality (VR) experience that uses visual metaphors and social
interactions. The VR medium was chosen for its ability to boost en-
gagement through shared learning activities [29, 36]. Echoes of the
Mind includes three environments representing Delta, Alpha, and
Gamma waves, each with unique audio-visual interpretations and
social interactions. This multisensory approach lets users explore
brain waves while fostering collaborative learning. Persistent visu-
alizations of collective user emotions, as a voting system, encourage
reflection through shared emotional footprints.

Echoes of the Mind comprises three brainwave environments and
a central hub that connects users to each experience. It supports
mobile, desktop, and head-mounted display (HMD) VR devices,
with accessibility considerations tailored to each platform. The
central hub is an abstract representation of a neuron, where users
first spawn and configure accessibility settings, such as guiding
text, post-processing effects, and teleport pad opacity (Figure 4).
The central hub’s purpose is to allow users to explore brainwave
environments and to display visualizations of users’ felt emotions.

Design: Each brainwave environment and the central hub in-
clude social interactions that support collaborative learning af-
fordances [12]. Interaction styles match brainwave frequencies:
lower-frequency environments encourage reflection through sim-
pler activities, whereas higher-frequency environments involve
more active engagement. In Delta, users observe avatars interact-
ing with and releasing memory orbs; in Alpha, they search for books
together; in Gamma, they collaboratively guess shapes, tracking
others’ selections to maintain focus.

After visiting an environment, users return to the hub, choose
an emotion—joyful, peaceful, sad, unsettled, or focused—from a dis-
penser, and place it into a visualization tank (Figure 4). Persistent
visualizations in the central orb and next to each environment’s
entrance scale proportionally to reflect votes. This emotion-voting
system encourages reflection and fosters a connection to the col-
lective emotional footprint of past participants.

To illustrate the multisensory mapping of neurological signals,
the experience features three distinct environments (Fig. 4):

e Delta (Deep Sleep/Consolidation): A low-frequency, dark
neural dome with an ambient soundscape and a pulsating
"heartbeat” memory core [1]. Users pick up fallen "short-
term memories" and release them to trigger fading memory
sounds, representing the fragility of memory consolidation.

e Alpha (Relaxation): A middle-frequency environment set

in a warmly lit library with a fireplace and rain foley. To

elicit alpha-band EEG patterns [39], users search for books

to place on lecterns, triggering layers of Mozart’s K. 448.

Gamma (High Focus): A high-frequency, sterile white hall

with walls pulsating to a fast-paced polyrhythmic soundtrack

[1]. Users must click brightly coloured geometric shapes

in a specific patterned order, simulating the high-demand

information processing associated with this brainwave state.
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Table 4: Mapping Observed Themes to Pedagogical Contribu-
tions

Pedagogical Challenge Teaching Consideration

TC.3: HMD-First Milestones

TC.5: Transdisciplinary Reflection
TC.2: Aesthetic-Hardware Alignment
TC.4: Framework Transparency
TC.1: Early Scaffolding

PC.1: Platform Bias

PC.2: Expectations Versus Exploration
PC.3: Workflow Paralysis

PC.4: Glass-Box Logic Gap

PC.5: Accessibility Gap

4.3 Case Study Results

The thematic tensions and pedagogical challenges identified in Sec-
tion 4 are most visible in the divergence between early student
prototypes and these final artifacts. These two projects specifi-
cally illustrate a successful navigation of the identified constraints
through distinct HCI strategies.

Navigating Platform Bias (PC.1): "The Journey" team initially
struggled with a desktop-centric development workflow, leading
to performance lag on HMD and mobile hardware. However, by
embracing an abstract, low-poly aesthetic, they achieved a func-
tional "Aesthetic-Hardware Alignment." This style allowed them
to maintain a stable frame rate across all three target platforms
without sacrificing the "reflexive storytelling” goals they prioritized
in their early reflections [5]. This case suggests that when students
are forced to confront multi-platform parity early, they move from
"visual-first" design to "performance-aware" HCI.

Overcoming the Logic Gap (PC.4): "Echoes of the Mind" serves
as a primary example of overcoming the friction inherent in the
WebXR coding ecosystem. While many teams found the framework
components limiting, a developer in this group noted a significant
technical breakthrough in understanding the "Glass-Box" logic of
the engine:

“A breakthrough came with my ability to understand
and implement parenting and preparenting of objects
to cameras... I was able to figure out a way the user
can pick up the object and put it down.”

By mastering these underlying spatial relationships rather than
relying on pre-built "black-box" scripts, the team moved beyond
standard UI patterns. They successfully addressed the Accessibil-
ity Gap (PC.5) by implementing a custom multisensory interface
where spatialized audio and haptic-visual analogies (the "memory
orbs") served as primary navigational cues, rather than relying on
traditional 2D text overlays.

Synthesis of Findings: Both cases demonstrate that, although
the 3D Workflow (PC.3) initially paralyzes novice developers, a
transparent, modifiable framework enables students to bypass tech-
nical friction. These examples validate that a client-driven studio
environment, when supported by appropriate scaffolding, can en-
courage students to prioritize human factors and universal design
even within highly complex 3DUI development.

5 Discussion

The findings of this two-year study reveal a persistent tension be-
tween high-level pedagogical goals—accessibility, multi-platform
parity, and social interactivity—and the technical friction inherent
in novice VR development. Our findings contribute to the emerging
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field of Creator Experience (CX) [31] in a GLAM context, where ac-
cessibility, multi-platform development, and social considerations
are significant. While previous studies also identify technical hur-
dles [16] and the value of multidisciplinary team-based practical
projects [11, 13], we provide a structured mapping of how these
hurdles (PCs) specifically distort HCI design intent—such as how
Platform Bias (PC.1) directly leads to the de-prioritization of ac-
cessibility (PC.5). This study also provides further evidence for the
importance of project-based teaching strategies to help enhance
and encourage the multidisciplinary learning skills required for
VR development. To lay a more concrete foundation for future
VR course development, we propose five Teaching Considerations
(TCs) derived from the observed Pedagogical Challenges (PCs) (see
Table 4).

Countering Platform Bias (PC.1 — TC.3): Our data identi-
fied a significant "Desktop Trap," in which the convenience of 2D
development biases students against immersive testing. This bias
led to "interaction retargeting” failures, in which mouse-click logic
did not translate into 6DOF trigger haptics. To counter this, we
propose HMD-First Milestones (TC.3). By mandating weekly cross-
platform demos and in-class HMD rotations, instructors can ensure
that multi-platform parity is treated as an iterative requirement
rather than a post-production fix.

Resolving Workflow Paralysis (PC.3 — TC.2): A recurring
friction point was "3D Workflow Dominance," where the labour-
intensive nature of modelling and glTF optimization reduced time
for HCI logic. This friction often resulted in "Workflow Paralysis"
that compromised mobile performance. We recommend Aesthetic-
Hardware Alignment (TC.2), as demonstrated in "The Journey" case
study. By guiding students toward "performance-first" aesthetics
(e.g., low-poly or stylized environments), curricula can ensure sta-
bility across mobile VR and WebXR without sacrificing creative
intent.

Closing the Glass-Box Logic Gap (PC.4 — TC.4): By priori-
tizing Framework Transparency (TC.4), curricula can leverage the
"Glass-Box" nature of A-Frame and Circles, where the underlying
HTML DOM and JavaScript codebase is visible to help novices
explore and understand concepts such as spatial parenting, entity-
component systems, and event-driven logic. For example, teams
changed core components of the Circles framework that are nor-
mally inaccessible in other "black-box" frameworks, such as Unity,
to enable networking features that are not built in. From the case
studies described in this paper, this includes modifying the default
avatars to replace them with geometric shapes in "The Journey" or
attempting to add data persistence through Firebase in "Echoes of
the Mind" so that modifications to the voting elements in the hub
world remained even after the world was reloaded for all. These
novel features required additional knowledge beyond the lecture
components of this course, including data persistence, 3D scene
graphs, and 3D parenting, which students were enthusiastic to
self-teach and discuss with the instructor, now motivated by their
own ideas and the open-ended nature of the design studio teaching
format. As seen in "Echoes of the Mind", mastering this underlying
logic is the primary threshold for moving from "making it work" to
"making it usable.

Bridging the Accessibility Gap (PC.5 — TC.1): The "Visual-
First" bias frequently led accessibility to be treated as a secondary
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optimization. Because VR accessibility definitions remained vague
to novices, implementation was often deferred or omitted. We pro-
pose Early Accessibility Scaffolding (TC.1), integrating concrete uni-
versal design checklists (e.g., teleportation, audio narration, UI
scaling) as graded checkpoints starting in Week 1. This shifts ac-
cessibility from a "feature to be added" to a "standard to be met."
Navigating Expectations Versus Exploration (PC.2 — TC.5):
Finally, the "Expectations Versus Exploration" observations in 2024
highlight the difficulty of balancing client "authenticity” with uni-
versal design. We recommend Transdisciplinary Reflection (TC.5),
using peer critiques and client-integrated pitch sessions to broaden
students’ inclusive perspectives during the ideation phases.

5.1 Generalizability Across Contexts

We acknowledge that PC.1 (Platform Bias) is likely exacerbated by
the web-based nature of our tools; since the prototypes run natively
in a desktop browser, the friction of "switching" to an HMD may
appear less necessary. In contrast, students using game engines
such as Unity or Unreal may face additional frictions, including
long build times, device installation, or tethering requirements.
However, we argue that the core of Platform Bias, the tendency
to prioritize the more comfortable, 2D development environment
over the immersive target environment, is a universal hurdle in
XR education regardless of the framework used. Additionally, this
is also an important consideration to note in any study discussing
VR development, especially for WebXR, where it is not always clear
what "VR" means - is it HMD VR, or mostly desktop VR? Increased
transparency around this is critical.

Also, our findings regarding PC.2 (Expectations vs. Exploration)
are inherently tied to our studio’s use of real-world clients. In a
purely skill-based lab without external stakeholders, this tension
might be absent. However, we believe this challenge is represen-
tative of "professional-track" HCI education, in which students
must bridge the gap between client requirements and the unique
affordances of immersive media.

Regarding PC.4 (The Logic Gap), the manifestation of "Black-
Box" frustration is specific to the declarative, component-based
architecture of A-Frame. In a lower-level environment (e.g., Three.js
or C++), the logic gap might instead manifest as "Mathematical
Paralysis." However, our proposed TC.4 (Framework Transparency)
remains generalizable: whether a tool is DOM-based or script-based,
instructors must provide "Glass-Box" visibility into how high-level
abstractions (like "teleportation” or "grabbing") translate into low-
level transformations.

Finally, the team-based structure of our studio (n = 14 teams)
naturally encouraged task specialization. While this mirrors indus-
try workflows, it potentially masks individual learning trajectories.
Future work should investigate whether PC.3 (Workflow Paralysis)
is more or less severe in solo "micro-projects” in which a single
student must bridge the gap between 3D asset creation and HCI
logic without a teammate’s support.

6 Limitations and Future Work

Generalizability and Researcher Positionality: While this study
provides a two-year longitudinal perspective (N = 45), it was
conducted within a single third-year design studio. The observed
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Platform Bias (PC.1) and Workflow Paralysis (PC.3) may manifest
differently in graduate seminars or professional workshops with
greater hardware resources. Furthermore, although we employed
de-identified analysis to minimize bias, the researchers’ expertise
in the Circles and A-Frame ecosystems may have influenced the the-
matic interpretation of students’ technical "breakthroughs." Future
work should involve multi-institutional studies to evaluate these
pedagogical challenges across diverse instructional contexts.

Specialization and Individual Trajectories: The team-based
nature of the studio (N = 12 teams) often led to task specializa-
tion, where individual students focused exclusively on either 3D
modelling or logic. This division of labour can obscure individual
learning trajectories. While this mirrors industry workflows [11],
it complicates the assessment of how a single student navigates
the transition from designer to developer. Future studies should
employ "micro-projects” to isolate the acquisition of specific HCI
skills versus team-managed design outcomes.

Stakeholder Gaps in Inclusive Design: A significant limita-
tion is the lack of direct participation by participants with disabili-
ties in the co-design or testing phases. Consequently, the "Accessi-
bility Optimization" instances recorded (N = 2) represent student
perceptions of accessibility rather than validated inclusive outcomes.
To move from "theoretical compliance" to authentic evaluation, fu-
ture iterations of this studio must integrate participatory design
sessions with disabled museum-goers and community stakeholders.

Toward an Open-Source VR Teaching Toolkit: The chal-
lenges identified in this work highlight a fragmented landscape
in XR education. Future efforts should focus on developing open-
source VR teaching toolkits that standardize interaction scaffolds and
accessibility protocols, building on existing resources from the HCI
community [33]. We intend to replicate this studio model across di-
verse departments (e.g., Fine Arts vs. Computer Science) to evaluate
the adaptability of our Teaching Considerations (TCs). By formal-
izing these insights into shared, community-driven resources, we
can lower the "entry floor" for novice instructors while raising the
"innovation ceiling" for student creators in the immersive arts.

7 Conclusion

This two-year longitudinal study (N = 45) highlights the persistent
tensions between technical implementation and human-centred
design in novice VR development. By analyzing student progress
through the lens of five Pedagogical Challenges (PCs), we identified
a systemic "Platform Bias" and an "Accessibility Implementation
Gap" that relegate inclusive design to a secondary polish phase.
Our findings suggest that transitioning from a "Visual-First" to an
"HCI-First" development model requires more than robust software;
it demands a pedagogical shift toward "Glass-Box" frameworks and
structured milestones that mandate early interaction testing on
target hardware. The success of projects such as The Journey and
Echoes of the Mind demonstrates that when students are provided
with transparent, modifiable coding ecosystems, such as A-Frame
and Circles, they can move beyond "black-box" constraints to create
sophisticated, accessible, and social immersive experiences.
Moving forward, these results should inform the design of future
VR curricula by prioritizing Creator Experience (CX) alongside user



Lessons Learned Teaching Virtual Reality in an Undergraduate Design Studio

experience. We propose that the next step for the immersive educa-
tion community is to develop open-source VR teaching toolkits to
standardize the fragmented landscape of VR pedagogy. By formaliz-
ing our Teaching Considerations (TCs) as shared, community-driven
resources, we can better equip educators to train a new generation
of developers to build equitable, inclusive, and usable virtual worlds
for GLAM institutions and beyond.
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