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Abstract

Virtual Reality (VR) environments offer immersive experiences that deeply engage users with
educational content. While trivia-based serious games successfully blend learning and entertainment,
their implementation within VR remains underexplored. A critical gap exists in understanding how VR
trivia games foster content knowledge, sustain motivation, and influence knowledge acquisition; empirical
comparisons between VR and mobile formats are also lacking. This study addresses these gaps by presenting
the design, development, and evaluation of Trivia World Quest, a VR serious game developed via a co-design
approach. A comparative user study (N = 43) revealed that VR yielded significantly higher immersion, natural
mapping, and visual engagement than its mobile counterpart. Additionally, a one-way ANCOVA, controlling
for baseline knowledge discrepancies, demonstrated that the VR platform yielded significantly higher post-
test knowledge retention than the mobile condition.
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1. Introduction

Although Virtual Reality (VR) and trivia-based seri-
ous games offer distinct pedagogical affordances for
immersive education, their integration remains in its
nascent stages. Prior work demonstrates that immer-
sive VR experiences promote emotional engagement
by enabling users to explore content through skill-
adapted challenges, immediate performance feedback,
and heightened presence [1]. Beyond replicating real-
world scenarios, VR facilitates instruction within safe,
engaging, and cost-effective environments. Crucially,
the efficacy of the VR user experience is driven by
both functional mechanics, such as challenge curves,
progress feedback, defined goals, intuitive control, and
audiovisual appeal [2], and psychosocial factors that
modulate cognitive and emotional states, including
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immersion, curiosity, autonomy, and a sense of mastery
[3–5].

Parallelly, digital serious games have well-
documented success in fostering student motivation
[6], deepening learning via immediate feedback loops
[7], and stimulating cognitive development through
experiential learning [8]. Within this landscape, trivia
games centered on question-and-answer mechanics
allow players to test existing knowledge, receive
instant feedback, and learn iteratively through trial
and error. By incorporating design strategies that
stimulate intrinsic motivators (e.g., challenge, curiosity,
and fantasy) alongside extrinsic mechanics (e.g.,
leaderboards and scoring systems), trivia-based
frameworks reliably drive user engagement, cognitive
reinforcement, and overall learner satisfaction [9, 10].

Despite these independent successes, the systematic
implementation of trivia-based serious games within
immersive VR environments remains substantially
underexplored. This scarcity leaves a critical gap in
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the literature regarding how the unique affordances
of VR, such as spatial presence, embodied interaction,
and heightened sensory immersion, foster content
knowledge acquisition and sustain intrinsic learner
motivation over time. Crucially, existing research offers
limited insight into how transposing text, or 2D, heavy
quiz mechanics into a 3D spatial medium influences
cognitive load and knowledge acquisition.

Furthermore, while mobile trivia games have demon-
strated substantial potential for learner engagement
[11, 12], empirical evaluations of their pedagogical
utility within formal classroom environments remain
sparse. This gap is particularly pronounced regarding
the comparative efficacy of delivery modalities; there is
currently little evidence to determine whether mobile
or virtual reality interfaces are more effectively adapt-
able to school contexts to optimize student learning
outcomes.

Trivia games are well documented drivers of learner
satisfaction and cognitive reinforcement [9, 10], the
functional utility and psychological implications of
transposing these mechanics into a VR mediated envi-
ronment, specifically when compared to established
mobile formats, have yet to be rigorously examined.
Furthermore, while both VR and trivia games possess
the potential to generate positive educational outcomes,
their combined efficacy as tools for integrated edutain-
ment and assessment remains largely underexplored.

This paper contributes to the field by:

1. Detailing the design and development of a VR
trivia game, employing a co-design approach
to foster collaboration between industry and
academia. We demonstrate how aligning peda-
gogical rigor with industrial imperatives, specifi-
cally regarding cost-efficiency and innovation, can
optimize the design of immersive learning experi-
ences, providing a foundation for future inquiry
in the domain.

2. Building on existing research, we provide a
comprehensive evaluation of the impact of
psychosocial and functional factors on player
experiences. We examine how these variables
influence overall user satisfaction across two
distinct trivia game modalities: virtual reality
(VR) and mobile platforms.

3. Demonstrating how a shift in the technological
medium influences student engagement and
pedagogical efficacy. Our findings illustrate the
relative impact of each delivery modality, offering
evidence-based insights into the viability of VR
trivia as an edutainment tool.

2. Literature Review

With the increasing accessibility of Virtual Reality (VR)
systems, the development of immersive educational
applications has emerged as a primary field of
investigation. Among the teaching strategies adapted to
this platform, trivia games stand out for their ability
to integrate rapid assessment mechanics into a sensory-
rich exploratory environment.

2.1. Virtual Reality
Virtual Reality (VR) technology fundamentally alters
the educational landscape by enabling users to fully
immerse themselves in computer-generated environ-
ments. At its core, VR relies on the state of immersion,
which is the capacity of a system to render a vivid dig-
ital experience that absorbs the user emotionally, cog-
nitively, and behaviorally, often to the extent of attenu-
ating their awareness of the physical environment [13].
This is complemented by presence, defined as the psy-
chological sensation of being physically located within
the virtual space rather than one’s actual surroundings
[14].

These dual states move beyond simple digital inter-
action, meeting growing student demands for learning
approaches that are active, engaging, insightful, and
profoundly personalized [15]. By adapting to students’
unique habits, preexisting knowledge, and competen-
cies within the digital era, VR experiences offer a degree
of instructional flexibility that traditional media can-
not replicate [16]. Furthermore, this interactive nature
enables the exploration of novel pedagogical meth-
ods, showcasing content from diverse perspectives that
intrigue and appeal to users’ curiosity both within and
outside formal learning contexts.

The educational efficacy of these systems is grounded
in established theoretical frameworks of human
learning. For instance, by employing a constructivist
approach, VR technology serves as a platform for
active learning, where students do not merely ingest
data but engage in contextualized tasks that allow
them to synthesize and construct their own knowledge
[17]. This is augmented by the experiential learning
framework, which emphasizes the value of "in-context
action" [18]. By creating virtual environments that
mirror real-life interactions with people, objects, and
places, VR makes abstract curricula more relatable to
users’ daily routines. In these digital environments,
students can physically manipulate, scale, or reorient
complex objects and systems, an action that creates
concrete cognitive anchor points. Such interactivity
allows learners to "learn by doing," reinforcing concepts
through direct spatial engagement and significantly
strengthening long-term retention and practical recall
[19].
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Beyond constructivist and experiential strategies, VR
enhances the learning process by accommodating mul-
timodal processing pathways, engaging visual, audi-
tory, and kinesthetic sensory modalities simultane-
ously to optimize how individuals perceive and pro-
cess information [20]. Visual processing benefits from
the spatial rendering of abstract information, which
allows learners to decode complex visuospatial struc-
tures and non-verbal cues. Conversely, auditory pro-
cessing is supported by the capacity for integrated ver-
bal instruction, localized narrative pitch, and acoustic
emphasis within the virtual space. Finally, kinesthetic
modalities—which are often under-stimulated in static,
lecture-based environments—are uniquely activated by
the hands-on, highly interactive nature of VR, allowing
physical agency to drive conceptual understanding [20].

While existing research consistently highlights the
benefits of gamification in immersive environments,
a significant gap remains in the literature regarding
the specific application of trivia-based mechanics.
Despite the historical popularity of trivia as a
mnemonic and formative assessment tool, there is a
lack of rigorous investigation into how a VR trivia
game can be effectively designed, optimized, and
deployed as a targeted pedagogical tool within the
classroom context. This indicates a critical need for
further empirical research at the intersection of quiz-
based game mechanics, immersive technology, and
measurable learning outcomes.

2.2. Trivia Games and Gamified Assessment
While numerous variations of quiz-based digital games
exist, their core structural mechanics remain fun-
damentally consistent: requiring players to evaluate
and answer targeted prompts within defined temporal
constraints or competitive scoring systems. In trivia
games, gameplay typically involves retrieving informa-
tion across a broad spectrum of conceptual domains,
with a progressive difficulty-scaling matrix that dynam-
ically challenges the user as they advance. Crucially,
these systems leverage immediate feedback mecha-
nisms, which serve the dual purpose of diagnosing a
learner’s prior knowledge and facilitating the active
acquisition of new conceptual schemata through real-
time error correction.

The assessment items in these environments are pre-
dominantly short-answer or multiple-choice questions.
A primary pedagogical advantage of trivia games is
their capacity to transform traditional rote assessment
into an intrinsically motivating experience [21]. By
structuring curriculum delivery in a competitive quiz
format, learners are more likely to encode knowledge
and achieve long-term retention through active cog-
nitive engagement with the material [22]. This expo-
sure to diverse thematic topics requires participants to

deploy varied cognitive strategies, thereby stimulating
mental agility and processing faculties [23]. Further-
more, the integration of explicit gamification elements,
such as points, badges, and immediate reward feedback
loops for correct responses, significantly heightens user
agency, reinforcing a compelling loop of sustained cog-
nitive engagement and gameplay immersion [23].

Within formal educational and corporate training
settings, gamified quiz applications have proven highly
efficacious, providing educators with a dynamic, non-
invasive methodology to reinforce core concepts and
execute formative assessment [24]. These digital envi-
ronments offer students a low-stakes framework to
challenge their cognitive boundaries, evaluate their
comprehension via immediate diagnostic feedback,
and construct stable mental models through itera-
tive trial and error. Simultaneously, the underlying
game mechanics can foster prosocial classroom dynam-
ics, stimulating healthy competitive or collaborative
behaviours among peer groups.

In contemporary classrooms, this modality is fre-
quently operationalized to evaluate student perfor-
mance in real time via cloud-based Student Response
Systems (SRS) such as Kahoot![25]. These platforms
offer instructional designers and educators high degrees
of flexibility, allowing for rapid content customization
aligned with specific curricular benchmarks. However,
the literature also identifies distinct pedagogical lim-
itations associated with these systems. For instance,
researchers have noted that explicit countdown timers
and public leaderboards can inadvertently induce aca-
demic anxiety, a fear of negative peer evaluation, or
impulsive decision-making, in which students answer
hastily to obtain higher scores in speed-based assess-
ments rather than deeply reflecting on the underlying
conceptual prompt [26].

3. Trivia World Quest: System Design and
Development Methodology

The conceptualization, design, and development of the
immersive application, Trivia World Quest, followed a
highly structured, iterative lifecycle. The process com-
menced with the definition of the foundational game
concepts, synthesized across multiple synchronous in-
person (see Fig. 1) and asynchronous online collab-
orative design sessions. This co-design initiative was
hosted and supported by the eGames Lab research
centre in Funchal, an incubator specializing in fostering
strategic industry-academia partnerships dedicated to
the development and empirical evaluation of techno-
logical tools in education, sustainability, and socio-
emotional well-being.

To achieve the application’s primary objective of
delivering an entertaining, low-anxiety, and deeply
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immersive digital environment where users can eval-
uate and expand their knowledge across diverse con-
ceptual domains, a cross-disciplinary design team was
established. Each member provided iterative feedback
informed by their respective domain expertise, balanc-
ing commercial viability with pedagogical rigour.

The Design Team benchmarked contemporary com-
mercial VR titles, conducting a comparative analysis
of two- and three-dimensional asset aesthetics, spatial
user interfaces (UI), character ergonomics (encompass-
ing both user avatars and companion agents), envi-
ronmental assets (including dynamic lighting, color
psychology, and ambient assets), and environmental
narrative flow (see Fig. 2).

During the co-design phase, the enterprise’s Chief
Executive Officer (CEO)emphasized the necessity of
modeling future commercial viability and market scal-
ability to ensure long-term platform viability. While
the primary academic focus rested on pedagogical
integrity, the industrial leadership introduced consider-
ations regarding future value-generation streams, such
as scalable delivery frameworks and sustainable dis-
tribution architectures. To ensure the current study
strictly isolated baseline learning outcomes and player
experience mechanics, these commercial scaling path-
ways were explicitly excluded from the active software
prototype. However, mapping these considerations dur-
ing the co-design phase established critical strategic
parameters for subsequent product commercialization
and real-world market deployment phases

The Engineering and Programming Team investi-
gated specialized interaction design patterns in immer-
sive spaces. They analyzed and integrated physical
embodiment features, such as locomotion, localized
object manipulation, and raycast/hand-tracking selec-
tion mechanics (e.g., precise grabbing, activating, and
dropping triggers), alongside standard structural gami-
fication loops (e.g., real-time scoring, point multipliers,
and networked leaderboards). Crucially, priority was
given to intuitive, natural mappings to maximize the
user’s perceived control when navigating in-game chal-
lenges. This deliberate interaction design aimed to mit-
igate excessive extraneous cognitive load, preventing
working memory capacity from becoming overloaded
by complex control schemas during task execution [27].

Operating within the agile, rapid-prototyping con-
straints of the industrial partner, the Lead Academic
Researcher, specializing in serious games, educational
technology, and immersive learning environments,
structured the empirical research design to run parallel
to system development. The researcher’s responsibili-
ties focused on identifying and validating design solu-
tions that optimize user engagement through VR affor-
dances, integrating evidence-based pedagogical strate-
gies with gamification mechanics to construct a valid
educational intervention.

Furthermore, recognizing that human-computer
interaction (HCI) factors heavily dictate affective
and cognitive states, the researcher established
an integrative Co-Designed SDT–CLT Evaluation
Framework. Grounded in Self-Determination Theory
(SDT) [28], specifically the Player Experience of
Need Satisfaction [29] and Cognitive Load Theory
(CLT) [27], this framework operationalizes theoretical
constructs into concrete spatial and interactive game
elements developed during the co-design process.
Specifically, it maps: (1) Extraneous Cognitive Load
reduction to intuitive controls and spatial onboarding;
(2) Affective stabilization and anxiety reduction to calm
ambient exploration; and (3) Intrinsic need satisfaction
(Autonomy and Competence) to progressive trivia
loops and immediate multi-sensory feedback.

Figure 1. Team working session with programmer, CEO, 
researcher, and designer

3.1. Gameplay Mechanics and Environment
Architecture
The VR trivia game was developed as a first-person
experience leveraging the Unity game engine [30]
and optimized for deployment on the Meta Quest 2
standalone Head-Mounted Display (HMD) [31]. The
player progression is gated by the accurate retrieval
of general knowledge information, benchmarking
standard structural dynamics found in commercial
digital quiz applications (e.g., Trivia Crack World [32]).
However, to fully leverage the spatial affordances of
VR, this core trivia loop is augmented by environmental
riddles that require problem-solving skills and physical
obstacles that necessitate direct, embodied interaction
with the virtual surroundings.

To systematically evaluate the game’s pedagogical
and experiential objectives, the prototype architecture
was partitioned into four distinct thematic zones (see
Fig. 3), each serving a dedicated instructional and
behavioral purpose:

• Zone 1 (Tutorial and Onboarding - Cognitive
Load Mitigation): This initial phase is dedicated
to user onboarding and mechanics acquisition.
Players learn to calibrate the motion controllers,
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Figure 2. Designer storyboard

navigate the 3D environment, execute spatial
rotations, interact with physical assets (e.g., grab-
bing, manipulating, and dropping objects), and
invoke the system’s cognitive hint mechanics.
Informed by CLT [27], this zone isolates inter-
action mechanics to eliminate control friction
and minimize extraneous cognitive load, ensuring
working memory capacity remains unburdened
before educational content is introduced.

• Zone 2 (Baseline Exploration and Affective Sta-
bilization): This zone prioritizes environmen-
tal presence and open exploration. The spatial
aesthetics are deliberately engineered to induce
a relaxed, low-anxiety affective state, allowing
users to become acclimatized to the digital space
while answering baseline formative evaluation
questions. Drawing on SDT’s emphasis on low-
anxiety environments for intrinsic engagement
[28], the tranquil forest aesthetics stabilize user
affect, placing players in an optimal emotional
state for formative assessment.

• Zone 3 (Questions and Answers - Need of
Satisfaction for Autonomy and Competence):
Designed to reinforce user agency and maintain
intrinsic motivation, this area engages the player
in a dedicated trivia loop. As users answer

questions correctly, they gather points, with
each successful response triggering an immediate
congratulatory animation and feedback loop to
celebrate their achievement. Aligned with SDT
and PENS [29], this zone satisfies the need for
competence through immediate visual/auditory
feedback upon correct answers, while supporting
autonomy through continuous spatial movement
choices along terrain category markers.

• Zone 4 (Completion and Extensible Portal):
Serves as the terminal phase, delivering a final
congratulatory message. Designed as a spatial
portal to transition into future levels, which were
not implemented in the current study, it currently
marks the formal end of the session.

Upon entering the game, the player is placed at the
start of a path in a high-fidelity forest, where their
progression is directly tied to answering questions. A
trailhead information board acts as a natural in-game
guide, showing which controls to use to navigate and
interact with the world.

As the player explores the different forest scenarios,
3D symbols appear along the terrain to indicate a
specific question category (see Fig. 4, a). Proximity
triggers automate the process: as the player walks closer
to a symbol, a floating menu displaying the question
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Figure 3. Overview of the game environment: (Left) layout of the four primary game zones; (Right) sub-divisions within Zone 1 tailored 
for player onboarding and mechanics acquisition

Figure 4. The player explores a 3D environment, finding icons that represent questions or tasks to complete and to earn points and 
unlock other sections of the forest

and multiple-choice answers pops up (see Fig. 4, b).
By pointing and clicking to answer correctly, the player
earns points and unlocks new areas of the forest to
explore.

While the full scope of the game is designed to
feature more extensive embodied interactions, a larger
question bank, and additional mini-games and bonus
rooms, this prototype was intentionally scaled down.
This reduction was made to keep the experience closely
aligned with the mobile platform version, ensuring a
fair baseline for comparative user testing.

4. Methodology
We employed a mixed-methods research design to
compare learning outcomes and emotional effects
across two distinct platforms: an experimental group
using the VR-based educational game and a control
group accessing the same instructional content via a
mobile application.

4.1. Participants and Sample Characteristics
The study initially recruited 47 students from two
local public schools, who were assigned to one of
two experimental conditions: the Virtual Reality (VR)
experimental group (n = 23) and the mobile-based

control group (n = 24). Following the initial data
collection, four participants were excluded from the
analysis due to incomplete post-test data or non-
response during follow-up inquiries. This attrition
comprised three participants from the VR condition
and one from the control condition. Consequently, the
final analytical sample consisted of 43 participants (VR
group: n = 20; control group: n = 23).

Demographic Profiles. Demographic characteristics var-
ied slightly across the two conditions:

• VR Experimental Group (n = 20): Participants
ranged in age from 13 to 15 years, with
the vast majority (75.0%) being 14 years old.
In terms of gender distribution, the sample
was predominantly male (65.0%) with 35.0%
female participants. Their interest in trivia games
and prior familiarity with VR systems were
exceptionally high, reported at 95.0% across the
sample.

• Mobile Control Group (n = 23): Participants in
this condition ranged in age from 14 to 16 years,
with approximately half (47.8%) being 15 years
old. This group exhibited a higher proportion of
female participants (65.2%) compared to male
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participants (34.8%). Additionally, a substantial
majority (78.3%) of the group expressed a strong
pre-existing interest in the trivia game genre.

The observed variation in gender distribution
between groups was a byproduct of class-level assign-
ment; potential implications of this imbalance are
addressed in the limitations section.

4.2. Protocol, Instruments and Measurements

Since this study involved minimal-risk, routine educa-
tional and gamified testing activities for children (con-
ducted in accordance with the Declaration of Helsinki
and local regulations governing research with minors),
formal Institutional Review Board (IRB) review was
exempt. Recruitment commenced with a formal presen-
tation by the lead researcher to school administrators
and faculty, detailing the research protocol and assess-
ment tasks involving the mobile and VR applications.
Administrative and ethical approval for student partic-
ipation was granted directly by the executive direction
and administrative boards of the participating public
schools prior to recruitment.

Once study logistics were finalized, written informed
consent was obtained from the legal guardians of
all minor participants prior to data collection. This
consent explicitly addressed potential risks and granted
authorization for the collection and use of research
data, including photographic and video documentation.
Additionally, verbal assent was obtained from all
student participants, all data were fully anonymized
to protect participant privacy, and participants were
notified of their right to withdraw from the study at any
stage without penalty. In addition to questionnaires, the
study relied on interactions with the game’s prototypes,
interviews, and observation notes (see Fig. 5). Crucially,
while both platforms featured identical trivia items
and a closely mirrored user interface layout, the VR
condition introduced an immersive 3D environment
with unique visual and auditory aesthetics.

Data collection occurred across three overall school
timetable sessions. The first two sessions comprised
the VR experimental condition (n = 11 and n = 12,
respectively), while the third session served as the
mobile control condition (n = 24). To accommodate the
hardware constraint of four active HMDs, participants
in each VR session were organized into sequential
rotation waves of up to four students at a time.
While these participants actively engaged in the
VR environment, remaining students completed a
classwork assignment.

The evaluation followed a four-stage sequential
protocol across all testing sessions:

1. Pre-Test and Baseline Assessment: Participants
first completed a digital survey assessing demo-
graphic background and general interest in trivia
games. To screen for potential comfort issues,
participants assigned to the VR condition were
additionally evaluated for motion sickness sus-
ceptibility and prior VR experience. All partici-
pants then completed a 20-item baseline general
knowledge quiz aligned with their school curricu-
lum (Appendix A). To note that all 20 baseline
and post-test quiz items, as per Bloom’s taxon-
omy, exclusively evaluated lower-order cognitive
domains, such as remembering (factual and ter-
minology knowledge; e.g., Q3: capital of Malawi,
Q5: unit of electrical resistance) and understand-
ing (conceptual knowledge; e.g., Q8: definition of
Arkose rock).

2. Gameplay and Observation: Next, participants
played their assigned version of the game, starting
with a quick tutorial to learn the controls (see
Fig. 6). While the control group used a mobile
screen, the experimental group navigated the 3D
VR forest. During gameplay, two researchers took
notes on the participants’ real-time reactions,
physical movements, and comments. For the VR
sessions, the researchers used an iPad to mirror
exactly what the players were seeing and doing
inside the Meta Quest 2 headsets.

3. Post-Game Survey: Immediately after playing,
participants filled out an experience scale adapted
from Self-Determination Theory (SDT) [28] and
the Player Experience of Need Satisfaction (PENS)
framework [29]. This survey looked at the game
experience on two levels: Functional Consequences
(how direct design choices like the graphics
or controls felt) and Psychosocial Consequences
(deeper feelings like immersion, competence, and
autonomy). To see how natural the controls
felt, we also added a few items from Skalski’s
natural mapping scale [33]. All questions were
scored using a standard 7-point Likert scale (1 =
“strongly disagree” to 7 = “strongly agree”).

4. Exit Interview: Finally, participants completed
a brief semi-structured interview to share their
thoughts on usability, enjoyment, and overall
value. The questions included:

“What did you enjoy the most? If you
could change the game, how would you
do it? Would you recommend the game to
a family member or friend? How long do
you think you were playing? Would you be
willing to pay for this game? How was the
overall experience?”
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Figure 5. Study design diagram

Figure 6. Study Interactions

Quantitative data were compiled and analyzed using
SPSS (Version 25.0; IBM Corp., Armonk, NY, USA). We
ran two-tailed significance tests, setting the standard
threshold for statistical significance at α = 0.05.

5. Results
The internal consistency of the measurement scales was
evaluated using Cronbach’s alpha (α). The dimensions
tracking participant satisfaction demonstrated high
reliability, with coefficient values ranging between α =
0.79 and α = 0.88. Similarly, the knowledge assessment
questionnaires exhibited strong internal consistency,
showcasing an α = 0.78 for the pre-test and α = 0.80
for the post-test. Together, these values indicate robust
reliability across all measurement instruments used in
the study.

5.1. Knowledge Acquisition Results
To examine differences in knowledge acquisition
between the platforms while accounting for base-
line discrepancies, a one-way Analysis of Covariance
(ANCOVA) was conducted. The independent variable
was the gaming platform (VR vs. Mobile), the depen-
dent variable was the post-test knowledge score, and
the pre-test knowledge score was included as a covari-
ate. Preliminary data screening checked the critical

assumption of homogeneity of regression slopes. The
interaction between the platform group and the pre-
test score was not statistically significant, F(1, 39) =
1.34, p = .254, indicating that the relationship between
pre- and post-test performance was consistent across
both conditions, validating the use of ANCOVA.The
main ANCOVA, revealed a highly significant effect for
the pre-test covariate, F(1, 40) = 40.51, p < .001, partial
η2 = .503, accounting for 50.3% of the variance in the
outcome scores. Crucially, after statistically control-
ling for these initial baseline knowledge variations, a
highly significant main effect was found for the gaming
platform, F(1, 40) = 31.87, p < .001, partial η2 = .443.
This represents a large effect size, indicating that the
medium itself explained 44.3% of the remaining vari-
ance in knowledge retention.The estimated marginal
means revealed that when baseline scores were math-
ematically equalized (M = 8.09), participants in the VR
condition achieved significantly higher adjusted post-
test scores (Madj = 16.63, SE = 0.35) than those in the
Mobile condition (Madj = 12.39, SE = 0.33) (see Figure
7 ).

Due to demographic imbalances between the groups,
specifically a higher proportion of 14-year-old males
in the VR condition (65.0%) and a higher proportion
of 15-year-old females in the mobile condition (65.2%)
a secondary, comprehensive ANCOVA was conducted
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Figure 7. Pre-test and Post-test content knowledge score trajectories

to verify that these discrepancies did not confound
the main findings (see in Table 2). The analysis
revealed that neither gender, F(1, 38) = 0.05, p = .821,
η2
p = .001, nor age, F(1, 38) = 0.01, p = .941, η2

p < .001,
demonstrated a statistically significant influence on
post-test knowledge retention. Crucially, even when
forcing the model to simultaneously account for these
demographic variables alongside the baseline covariate,
the main effect of the platform condition remained
highly significant, F(1, 38) = 10.37, p = .003, η2

p = .215,
confirming that the primary results reported in Table 1
are highly robust against demographic skew.

5.2. Players’ Satisfaction
The psychological impact of the intervention was ana-
lyzed using non-parametric methods (Mann-Whitney
U) due to violations of normality in the Immersion
and Competence dimensions. Participants in the VR
condition reported significantly higher levels of immer-
sion than those in the mobile condition (U = 85.50, z =
−3.56, p < .001, r = .54). Conversely, no statistically sig-
nificant difference was observed between the groups for
the Competence dimension (U = 190.50, z = −0.97, p =
.330, r = .15).

Parametric assumptions were met for Audiovisual
appeal, Enjoyment, Value, and Natural Mapping,
as assessed by the Shapiro-Wilk test (p > .05).

Independent samples t-tests revealed that participants
in the VR condition reported significantly higher scores
for Audiovisual appeal (M = 16.65, SD = 2.35 vs.
M = 13.74, SD = 2.43), t(41) = 3.98, p < .001, d = 1.22,
and Natural Mapping (M = 34.95, SD = 2.98 vs.
M = 30.43, SD = 2.25), t(41) = 5.65, p < .001, d = 1.73.
Additionally, Enjoyment was significantly higher
in the VR condition (M = 33.90, SD = 4.32 vs.
M = 31.48, SD = 3.33), t(41) = 2.08, p = .044, d = 0.63
(see Figure 8 ). For all significant findings, effect sizes
were substantial, exceeding the threshold for a large
effect [34].

Regarding prior technology exposure, five partici-
pants in the VR condition noted a history of motion
sickness during past, unrelated virtual reality expe-
riences. However, during and after gameplay, none
reported feeling dizzy, nauseous, wanting to vomit, or
any other symptoms associated with motion sickness.
The participants in both condition reported completing
all the tasks and finishing the game.

Participants in both conditions consistently underes-
timated their elapsed playtime. In the VR condition,
where the gameplay lasted approximately 15 minutes,
the average perceived duration was just 6 minutes. A
similar trend was observed in the mobile condition,
with participants estimating an average of 4 minutes for
an actual 8-minute session.
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Table 1. Univariate Analysis of Covariance (ANCOVA) for Post-Test Knowledge Acquisition

Source Type III Sum of Squares df Mean Square F p Partial η2

Corrected Model 328.750a 2 164.375 35.337 < .001 .639
Intercept 501.990 1 501.990 107.922 < .001 .730
Pre_Test (Covariate) 188.406 1 188.406 40.505 < .001 .503
Group (Platform) 148.219 1 148.219 31.865 < .001 .443
Error 186.062 40 4.652
Total 9598.000 43
Corrected Total 514.814 42

a R Squared = .639 (Adjusted R Squared = .621)

Table 2. Secondary ANCOVA Robustness Check Controlling for Demographic Imbalances. It confirms statistical stability of the primary 
intervention effect

Source SS df MS F p η2
p

Pre-test (Covariate) — 1 — 15.65 < .001 .292
Gender — 1 — 0.05 .821 .001
Age — 1 — 0.01 .941 < .001
Platform Condition — 1 — 10.37 .003 .215
Error — 38 —

Figure 8. Players Satisfaction Dimensions Comparative Analysis for VR and Mobile Conditions

5.3. Qualitative Data and Observational Findings

The quantitative metrics were further supported by
qualitative data and structured observation logs, which

showed that participants in both conditions thoroughly
enjoyed the core game mechanics.
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Table 3. Comparison of Player Experience Dimensions Between VR and Mobile Conditions

VR (N = 20) Mobile (N = 23)

Dimension Mean / Rank SD Mean / Rank SD Statistic (p, Effect Size)

Parametric (t-test metrics) / reported as M, SD

Audiovisual appeal M = 16.65 SD = 2.35 M = 13.74 SD = 2.43 t(41) = 3.98, p < .001, d = 1.22
Enjoyment M = 33.90 SD = 4.32 M = 31.48 SD = 3.33 t(41) = 2.08, p = .044, d = 0.63
Value M = 11.40 SD = 1.79 M = 10.48 SD = 1.31 t(41) = 1.95, p = .059, d = 0.60
Natural Mapping M = 34.95 SD = 2.98 M = 30.43 SD = 2.25 t(41) = 5.65, p < .001, d = 1.73

Non-Parametric (Mann-Whitney U metrics) / reported as Mean Rank

Competence/mastery Mean Rank = 23.98 Mean Rank = 20.28 U = 190.50, p = .330, r = 0.15
Immersion Mean Rank = 29.23 Mean Rank = 15.72 U = 85.50, p < .001, r = 0.54

User Engagement and Perceived Value. In the VR
condition, participants highlighted several distinct
factors that drove their engagement, focusing primarily
on environmental navigation and reward systems.
Feedback included remarks such as: “Walking around
and answering questions about multiple topics was fun,”
“The movement felt fluent,” and “I liked the fact that there
were different types of questions, and rewards”

Participants in the mobile condition mirrored this
high level of satisfaction, with one user noting: “I have
played a similar game before, but this one has different
questions and I really like it.” Notably, every participant
across both conditions indicated a willingness to
purchase the game.

The educational utility of the application also
received strong validation. A majority of participants
in both the VR (n = 18) and mobile (n = 18) groups
characterized the system as an “excellent tool to learn
about different areas” or “a great tool for learning.”

Aesthetics, Atmosphere, and Audio. Reflecting on the
visual design, participants expressed strong acceptance
of the application’s atmosphere, though reactions were
more enthusiastic within the immersive condition:

• VR Condition (n = 20): Participants highly
praised the spatial environment, noting: “I
enjoyed seeing the changing scenarios by walking
around,” “I liked the calm nature of the ambient,”
and “I enjoyed the UI, the design of the world, and
the symbols.” The companion non-player character
(NPC), a small bird accompanying the player, was
frequently highlighted as “cute.” Additionally,
twelve participants explicitly cited the spatial
sound effects as a standout positive feature.

• Mobile Condition (n = 8): Feedback regarding
the 2D visuals was positive but more tempered.
Participants noted that “the game was colorful,”
“the icons represented the areas well,” and that the
interface maintained a “clean and appealing look.”

Participant Recommendations and Future Refinements.
While the initial reception was highly promising,
participants identified specific vectors for future
refinement. The most frequent critique focused on
question repetition and a desire for a broader question
pool. This behavior was expected, as this specific
testing prototype was restricted to a controlled baseline
of 20 questions rather than the full planned data
set. Students also requested the implementation of
a dynamic difficulty system, such as a “hard mode”
featuring a 30-second response limit, alongside the
ability to manually select specific trivia categories.

Furthermore, participants in the VR group expressed
a strong desire for expanded interactivity and agency
within the virtual space, stating:

“I would enjoy having more freedom to look
around the forest, with more paths,”
“I want the possibility to walk faster,”
“Show hands in the game instead of the
controllers,” and
“Always show the correct answer, even if I got
it wrong.”

Observational Field Notes. Direct researcher observa-
tions successfully complemented these self-reported
entries. Players in both conditions routinely exhibited
positive affect, such as smiling, while navigating the
environments and registering correct answers. High
levels of focus were apparent across both groups; partic-
ipants frequently moved their lips silently while read-
ing the trivia questions. Conversely, minor frustration
was observed in four participants following an incorrect
response, typically manifested by dropping or lowering
their arms.

A stark behavioral divergence was noted regarding
social dynamics: participants in the mobile condition
engaged in significantly more peer-to-peer interaction.
These students frequently vocalized their progress to
the room (e.g., “I just got question 4 right!”), and looked
around the space to monitor their peers’ screens, and
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actively compared final scores upon completing the
session.

6. Discussion
This paper presents the design, development, and eval-
uation of a Virtual Reality (VR) trivia game compared
against a traditional mobile format. Although the pri-
mary objective of this research was not to formally
evaluate the co-design process itself, the collabora-
tive framework involving both academic and industry
stakeholders yielded critical insights that we believe are
highly valuable for the field. Engaging multiple sectors
early in the development lifecycle facilitated the rapid
identification of strategic mechanics, allowing the team
to successfully balance rigorous educational goals with
innovative user experience (UX) design solutions.

Methodological and Collaborative Insights
A significant challenge in this cross-sector collabo-

ration was reconciling the disparate timelines inher-
ent to industry product development and academic
research. When validating educational games through
formal protocols, particularly with younger popula-
tions, researchers cannot afford to wait until after
institutional authorization is fully secured to begin
study design. Instead, a proactive, bottom-up strat-
egy is required. In school settings, teachers serve as
vital partners in identifying optimal windows for study
deployment according to the curricular requirements,
pedagogical practices, and logistical constraints of the
classroom. If this bottom-up approach is ignored, the
academic research process can become bottlenecked,
stalling the rapid iteration cycles essential to the indus-
try development lifecycle.

Furthermore, establishing a foundation of trust with
industry partners remains imperative. The presence
of external academic researchers in proprietary prod-
uct development meetings can easily be perceived as
an operational or intellectual property risk. Sustained
dialogue is therefore necessary to align the distinct
priorities of both parties. For the industry partner, this
collaboration provides actionable, empirical insights
into whether their technology, visuals, and control
schemes are optimized for the target demographic prior
to market release. When obtained early in the devel-
opment cycle, such data facilitate high-fidelity itera-
tive improvements, directly enhancing the product’s
market viability and commercial potential. Simulta-
neously, academic researchers leverage the developed
artifact to evaluate user experience and technological
performance, thereby optimizing research efforts and
university resource allocation. Ultimately, a successful
intersectoral study must be meticulously designed to
reconcile these concurrent objectives, clearly demon-
strating how the technological innovation adds measur-
able value over established industry paradigms.

Reflecting on the co-design framework as a whole
showcased critical operational takeaways regarding
what succeeded, what requires future refinement, and
how these practices extend to broader domain contexts.

Early interdisciplinary co-design meetings allowed
for the integration of core educational theories, specif-
ically Cognitive Load Theory and Self-Determination
Theory, directly into interaction mechanics. Embed-
ding these theoretical principles during initial architec-
ture, rather than retrofitting them post-development,
allowed the team to execute rapid iterative prototyping
without compromising visual quality or empirical rigor.

Retrospectively, the co-design methodology could
be optimized in one key area. First, while students
and educators participated in intervention testing,
involving them as active co-designers during initial
ideation workshops, would provide richer insights into
student interaction preferences and classroom usability
early in development.

Ultimately, these methodological takeaways extend
well beyond the immediate scope of VR trivia games,
offering a generalizable framework for interdisciplinary
initiatives across Human-Computer Interaction (HCI),
Educational Technology, Serious Game Design, and
Instructional Science. By demonstrating how to rec-
oncile rapid industrial iteration with empirical rigor,
establish operational trust, and create dual-purpose
artifacts, this work provides a scalable operational
blueprint for managing cross-sector industry-academia
partnerships across emerging digital media domains.

Immersive Trajectories and Theoretical Underpinnings
In this study, we evaluated content knowledge

acquisition to understand the educational advantages
of the immersive VR medium compared to a mobile
format. By using a one-way ANCOVA with pre-test
scores as a continuous covariate, we controlled for
initial differences in baseline knowledge between the
two groups.

The analysis revealed a statistically significant main
effect for the experimental condition, using the VR
trivia game. This means that when baseline knowledge
variations are factored out, the VR condition leads to
significantly higher post-test knowledge retention than
the mobile condition. This finding is important because
it demonstrates that the learning benefits driven by the
VR intervention do not depend on how much a student
knew before starting the game. Rather than only
helping students who already had prior knowledge,
the VR format uniformly improved learning outcomes
across the entire group.

This performance advantage is directly supported
by the player experience metrics. Participants in the
VR condition reported significantly higher levels of
immersion, visual engagement, and natural mapping
than those in the mobile condition.
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These positive results may be attributed to the
player’s sense of agency and physical embodiment, fre-
quently conceptualized as the "hands-in" experience,
wherein embodied interactions involving spatial phys-
ical movement enhance psychological presence in dig-
ital environments [35]. High levels of natural mapping
were observed within the virtual reality environment,
where participants successfully navigated, completed
all assigned tasks, answered questions, and compre-
hended overall mechanics. In this sense, Zone 1 effec-
tively eliminated control friction, as evidenced by zero
participant dropouts during onboarding. Furthermore,
mechanics that emulate natural motion mapping pos-
itively influence the satisfaction of basic psychological
needs for autonomy and competence. In Zone 3, the
continued implementation of immediate rewards, ani-
mations, and congratulatory feedback was well received
and significantly increased participant motivation to
continue, establishing this dedicated trivia loop as a key
pillar of the overall VR experience.

We also believe that the novelty effect was over-
come, by the previous access to the VR technology,
expressed by the group prior to the study, while we do
not discourage that the intuitive interactions diminish
extraneous cognitive load. By aligning interactive ele-
ments with intuitive, real-world ergonomics, the system
reduces unnecessary cognitive barriers, enabling users
to preserve working memory and maintain focus on the
educational content.

This preservation of working memory and the
resulting positive results in post-test retention, can
be understood through Sweller’s Cognitive Load
Theory [36]. In immersive 3D environments, rich
sensory inputs and spatial navigation risk introducing
extraneous cognitive load that competes with the
germane load required for content learning. However,
by eliminating interface friction through intuitive and
natural motion mapping, the VR system successfully
minimized this environmental processing burden.
This cognitive economy allowed participants to direct
their unburdened working memory toward germane
processing, enabling the heightened immersion and
spatial engagement of the VR format to translate
directly into higher knowledge retention over the
mobile condition. Consequently, when interaction
design successfully mitigates extraneous load, sensory
fidelity scaffolds rather than distracts from core
educational objectives.

Beyond balancing cognitive economy, the pedagog-
ical scope of trivia-based game mechanics must be
contextualized within Bloom’s taxonomy. While our
findings demonstrate efficacy for lower-order cogni-
tive domains, namely factual retention and conceptual
recall, trivia formats are inherently limited in cultivat-
ing higher-order cognitive objectives such as synthesis,
critical evaluation, or abstract problem-solving. Future

research should investigate how immersive VR mechan-
ics can transcend foundational recall to scaffold these
higher-order cognitive processes in complex domain
learning.

Environmental Psychology and Interface Design
The qualitative results strongly corroborate the quan-

titative indicators, with VR participants reporting high
satisfaction regarding visual fidelity, spatial navigation,
and overall audiovisual appeal. Although the absence
of a baseline pre-test prevents definitive measurement
of anxiety reduction, our findings demonstrate that
Zone 2 was highly effective in stabilizing user affect.
Specifically, the ambient audio landscape and natural
forest environment cultivated a tranquil atmosphere
that deeply anchored participants within the experi-
ence. Supported by prior research [1], this immersive
setting put players at ease, enhancing their sense of
presence and driving spontaneous engagement with the
game’s activities.

Although a comprehensive evaluation of environ-
mental psychology falls outside the immediate scope
of this paper, our data suggest that this environmen-
tal design optimizes a player’s capacity to focus and
reflect on pedagogical prompts compared to traditional
mobile alternatives [37]. Specifically, the low-stress VR
atmosphere mitigates the temporal urgency and per-
formance anxiety commonly induced by competitive,
rapid-fire mobile trivia settings [26].

Additionally, the integration of a virtual companion
avatar emerged as a notable factor in user comfort.
Its benefits may stem from real-time positive visual
feedback, a perceived sense of companionship that
reduces HMD-induced isolation, or its utility as a
navigational guide, hypotheses that warrant dedicated
empirical investigation in future studies.

Platform Trade-offs and System Refinements
While the VR environment fostered deep individual

focus, observational data revealed an important trade-
off regarding social dynamics.

Participants in the mobile condition engaged in sig-
nificantly more frequent social interactions, such as
sharing immediate reactions and comparing progress
peer-to-peer. This divergence highlights a key trade-
off for integrating Head-Mounted Displays (HMDs)
into real-world educational settings. The physical and
sensory occlusion of the VR headset effectively elimi-
nates environmental distractions, promoting deep per-
sonal absorption and a relaxing, highly focused atmo-
sphere that minimizes performance anxiety. However,
this same sensory isolation strips away the organic,
collaborative learning that occurs when students cross-
reference answers or discuss concepts in real-time.

For classroom implementation, this suggests that
while traditional mobile platforms remain highly
effective at naturally facilitating collaborative, group-
oriented, and socially distributed learning dynamics,
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VR artifacts are optimal for solitary, highly focused
experiential modules. Future research should explore
multi-user networked VR environments to bridge this
gap, capturing the cognitive benefits of immersion
without sacrificing social connectedness

Importantly, participants across both groups recog-
nized the baseline pedagogical utility of the trivia
framework. They also identified consistent areas for
systemic refinement, emphasizing the necessity of an
expanded question database and more immediate, for-
mative feedback mechanisms. Incorporating these user-
driven suggestions alongside more complex environ-
mental interactions will form the baseline of future
developmental iterations.

Finally, while the engagement and immediate per-
formance metrics captured in this study are promis-
ing, they do not constitute direct measures of long-
term knowledge retention. Additionally, because the VR
condition introduced multiple unique design elements,
such as 3D interactive objects, an avatar companion,
and a rich forest environment, the positive results can-
not be attributed strictly to the VR technology alone, as
these variables were not isolated independently. Nev-
ertheless, these insights provide a crucial foundational
understanding of player psychology and interaction
dynamics within the VR Trivia World Quest ecosystem.
Our findings demonstrate that VR-based trivia games
have substantial potential to outpace traditional mobile
platforms in driving user engagement. Future longitu-
dinal research should build on these findings to evalu-
ate long-term knowledge retention while systematically
isolating the specific effects of environmental design,
virtual companionship, and the underlying technolog-
ical medium.

7. Limitations and Future Work
The findings of this study should be considered in light
of several limitations, which also highlight valuable
avenues for future research.

First, this project is just the first step in an ongoing,
iterative process and further studies with larger and
more diverse sample groups are essential to gather more
comprehensive data and fully validate our findings.
Gender-balanced groups are necessary to ensure gender
effects don’t skew spatial preference or engagement
behaviors."

Second, hardware constraints necessitated distinct
operational setups between conditions. While the
mobile condition allowed all 24 participants to play
simultaneously in the classroom, the VR condition
relied on a pool of four headsets, requiring sequential
rotations of four participants at a time (supplemented
by battery charging and sanitization protocols). Con-
sequently, classroom density and concurrent play dif-
fered: 24 active mobile users created a naturally higher

probability for spontaneous peer interaction compared
to the VR sessions, where only four students were
immersed simultaneously. While HMD sensory occlu-
sion inherently reduces environmental social interac-
tion, this staggered rotation protocol may have further
heightened the observed gap in peer dynamics between
conditions.

Although monetization wasn’t included in this
prototype, finding the right financial model is a
compelling idea worth exploring to ensure long-term
viability and attract investment. For the general market,
future work could look into premium features like
unlockable question packs and new environments, or
adapt the tool for specialized training. Concurrently,
it is highly worthwhile to explore affordable solutions
in the school context, such as institutional licensing,
educational grants, or tech subsidies, to assess how
these apps can realistically fit within tight school
budgets.

Additionally, the significant T ime × Group interac-
tion effect must be conditioned by initial baseline
differences. The mobile group had a higher pre-test
score (M = 9.30, SD = 4.90) than the VR group (M =
6.70, SD = 2.31). This introduced a potential ceiling
effect for the mobile condition, which artificially trun-
cated its potential delta variance. Because mobile par-
ticipants started closer to the maximum score, their
upward trajectory was structurally constrained by the
instrument scale. Conversely, the VR group’s lower
baseline provided a wider empirical runway to demon-
strate gains. This steeper slope represents a release
from the control group’s ceiling limitations rather than
a release from any hypothetical floor constraints on
the VR group itself. Future studies should use more
granular scales to ensure equivalent baseline variance.

Finally, while participant satisfaction was encourag-
ing, tracking long-term content knowledge retention
was outside the scope of this study. Future research
needs to include a delayed post-test, such as a two-
week follow-up, to understand if and how knowledge
retention declines over time. Along with this, future
studies must find better strategies to minimize partic-
ipant attrition and ensure students do not miss these
critical late-stage testing windows.

8. Conclusion
This paper examines the functional and psychosocial
factors that contribute to participants’ satisfaction and
enjoyment with a virtual reality (VR) and mobile trivia
game. We also compare these tools, as their effects
on the learning outcomes of teens from two public
schools. Quantitative and qualitative findings revealed
positive outcomes in several dimensions like audiovi-
sual appeal, perception of future educational value,
immersion, control and enjoyment. Each dimension can
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provide more accurate insights into its benefits for the
effectiveness of VR trivia games as an edutainment tool.
In this sense, the positive results showcase that VR
trivia games can potentially enhance learning content,
increasing user satisfaction and motivation.

The results also showcased the benefits of a
collaborative effort between academia and industry.
Industry gained an analytical perspective on related
work, creating opportunities for novelty and effective
design approaches. The game system was studied,
evaluated, assessed, and validated across various
dimensions, and the gathered feedback can be used
for refinements and improvements. The investigator
utilized the system as an artifact to conduct Research
Through Design, enabling research at different stages
of the game’s design and development. This can lead
to future longitudinal studies across various settings,
thereby expanding the research in this area.
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Figure 9. psychosocial and functional factors questionnaire
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Figure 10. Knowledge acquisition Questionnaire
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