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ABSTRACT Background: Adaptive audio can deepen immersion in VR, yet many pipelines still rely on
fixed playlists or ad-hoc triggers that break narrative coherence during rapid context shifts in serious games.
Methods: We implement an adaptive in-game radio using Unreal Engine MetaSounds and a finite-state
machine (FSM). Three affective stations (Happy, Excited, Intense) drive procedural ambient music with
equal-power crossfades, loudness normalization, and optional beat-synchronous transitions. We integrate
Blueprint—MetaSounds graphs and evaluate usability and perceived immersion with 30 participants in VR.
Results: The interface was rated intuitive by 90% of users; 85% reported higher immersion than a non-
adaptive baseline; 80% felt the adaptive music heightened emotions at key events. Overall satisfaction
averaged 4.5/5, and 70% indicated replay intent to explore audio variants. We provide the audio graph,
state logic, and transition envelopes, and quantify transition smoothness via envelope and loudness metrics.
Conclusions: An engine-native MetaSounds—FSM pattern is practical to deploy and can improve engagement
in serious VR contexts. We discuss design trade-offs, limitations (sample size and demographics), and
avenues for broader deployment in training and therapeutic simulations.

INDEX TERMS Adaptive radio system, virtual reality, serious games, MetaSounds, immersive audio, finite
state machines.

I. INTRODUCTION avoid distracting from tasks. Virtual environments may also

Virtual reality (VR) enables highly immersive training,
education, and entertainment experiences. In serious games,
immersion is instrumental to learning efficacy and perfor-
mance. Audio is central: adaptive music can shape affect
and engagement, and spatial audio improves presence and
environmental awareness [8], [18], [19], [31], [32], [33].

A. BACKGROUND

Serious games apply game mechanics to non-entertainment
goals (e.g., training, education, therapy) and typically pri-
oritize clarity, feedback, and measurable outcomes [12],
[13], [22]. In VR, audio must both convey context and
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incorporate multi-view capture systems with static camera
arrangements to build coherent scene understanding, a design
that motivates consistent audio rendering across viewpoints
(add cites such as Hartley—Zisserman; Szeliski once in
your .bib).

B. GAP AND CHALLENGES

Many VR projects still use fixed playlists or handcrafted trig-
gers, leading to abrupt transitions, poor semantic alignment
(tempo/key/mood mismatch), and limited responsiveness
during rapid context changes. Prior adaptive/generative
approaches face constraints in real-time control, authoring
overhead, and maintaining musical coherence under latency
and resource limits [31], [33].
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C. OBJECTIVE

We present an adaptive radio for a serious VR game
that employs Unreal Engine MetaSounds and a finite-state
machine (FSM) to deliver seamless, affect-driven background
music with procedural radio realism.

D. SIGNIFICANCE

Our engine-native pattern is low-latency, highly authorable,
and deployable without external middleware. It provides a
reproducible recipe for affective ambience in serious VR
titles.

E. SCOPE AND OUTLINE

We target three affective stations (Happy, Excited, Intense)
with overlap during transitions. Section II reviews adap-
tive/generative music and spatial audio; Section III details
design/implementation; Section IV reports user study results
and statistical analysis; Section V concludes with limitations
and future work.

1) SERIOUS VS. NON-SERIOUS VR GAMES

Serious games target training, education, or therapeutic
outcomes and prioritize clarity, feedback, and alignment
with task goals; entertainment titles optimize for fun and
challenge [12], [13], [22]. Our audio design emphasizes low-
latency feedback, semantic coherence with task context, and
low distraction properties that contribute to ‘““seriousness’ in
VR scenarios.

Il. RELATED WORK
Immersion virtual reality (VR) technology has attracted
a lot of interest lately, especially with regard to head-
mounted displays (HMDs). Several advantages, including
embodiment, interactivity, navigability, sense of sensitivity
and create ability, have been identified in the literature as
essential for improving user interaction and engagement in
virtual environments [1]. These advantages are especially
pertinent to serious games, which have gained a lot of
traction in academia and industry and have a wide range of
applications in fields such as education, training, healthcare,
advertising, cultural heritage and well-being [2], [5], [6], [7].
Adding dynamic and adaptive audio systems to VR games
and applications to improve immersion is a major problem.
It has been demonstrated that by dynamically altering music
in response to player actions and game context, adaptive
music systems (AMSs) produce more emotionally charged
and engrossing gaming experiences [1], [8], [9], [10], [11].
However, the algorithms employed for modelling player
actions and the game-world context, as well as for generating
music in real-time, limit the growth of these systems.
To overcome these drawbacks, it has been suggested to
integrate cognitive models of knowledge organization and
emotional effect with multimodal, multiagent composing
approaches. This improves immersion and better aligns music
with concepts in the game environment [3], [8].
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Additionally essential to increasing immersion and com-
municating environmental information in virtual reality is
spatial audio. Spatial audio is an essential part of immersive
VR experiences since research shows that it greatly enhances
user perception and immersion in virtual environments [4],
[12], [13]. Spatial audio has been understudied despite
its significance, but new developments are making it
simpler to incorporate high-quality spatial audio in virtual
worlds [4].

The rule controlling state transitions in dynamic contexts
can significantly change the incentives that agents must
choose from. Exogenous and endogenous transitions are
compared in studies, and the results indicate that participants
internalize the impact of the dynamic game transition
rule on their incentives. This is especially important when
modelling audio state changes in adaptive radio systems [14].
Because agile approaches, particularly Scrum, are so good
at project management and teamwork, the game devel-
opment industry has embraced them extensively. These
approaches tackle certain game development issues, such as
feedback responsiveness and iterative development, which
are essential for creating intricate systems like VR game
adaptive audio [15]. The advantages of agile techniques in
managing the complexity of game development processes
and enhancing project outputs are emphasized by research on
game development methodologies [15], [16].

Personalized surgical skill training and evaluation, medical
content-based photo retrieval, and remote monitoring of
mining equipment with VR-based digital twins are some
examples of the other sectors that have used virtual reality
(VR) technology. Furthermore, VR has been utilized in other
industries. It is clear that virtual reality technology has the
potential to improve decision-making, training, and user
engagement, as demonstrated by these applications [17], [18],
[19], [20].

Understanding player characteristics and preferences can
greatly improve game design and player engagement,
according to studies on player preferences and game
choices. Studying the connections between users’ gender,
preferred game genre, motives for playing, and Big Five
personality traits can help designers create more interesting
and customized gaming experiences [21], [22], [23], [24],
[25]. The immersive experience can be further improved
by incorporating generative content generation techniques,
such as reinforcement learning, which can dynamically
alter game levels and content to reflect player actions and
preferences [26].

Virtual reality (VR) has showed potential in the context
of serious games for therapeutic applications, offering safe,
pleasant, and affordable approaches. Virtual reality (VR)
has the potential to be used therapeutically, as evidenced
by the successful outcomes of lowering fear and anxiety
in acrophobia therapy applications [27]. Affective-driven
procedural content generation is another way that research
on emotionally adapted virtual reality for mental health appli-

189189



IEEE Access

F. A. Damastuti et al.: Adaptive Radio System Using MetaSounds for Serious VR Game

cations promotes emotional self-awareness and management
techniques [28].

VR audio commonly uses (i) state/event stem switching,
(ii) parameterized mixing, (iii) procedural synthesis, and (iv)
spatial rendering. Our system uses Unreal MetaSounds as
a sample-accurate DSP graph driven by an FSM, unifying
these patterns with deterministic routing and low-latency
equal-power transitions (Eq. (1)). Pros: precise timing,
engine-native integration, hybrid layered—procedural design.
Cons: larger graphs raise authoring/CPU costs, so profiling is
needed. Use MetaSounds when rapid changes or deterministic
timing are required; simpler stem/parameter mixing suffices
for infrequent transitions.

Further research has concentrated on the use of VR in
teaching. According to a study investigating students’ spatial
ability in a virtual 3D environment, learners found that
these settings were highly evaluated as useful and that they
would be eager to utilize them to improve their spatial
abilities [29]. In contrast to standard PC environments,
VR fusion approaches enhance immersion, presence, and
learning performance, according to a different study on the
subject of virtual-real fusion in laboratory instruction [30].
Additionally, studies examining teens’ inclinations and
worries about HMDs in the classroom revealed that although
VR improves focus and engagement, there are worries about
safety and possible addiction [31].

TABLE 1. Results from comparing previous audio work.

References| Topic Method Object
[3] Adaptive  music | Cognitive models | Enhance game im-
systems and multiagent | mersion
composition
[4] Spatial audio in | Examination  of | Improve VR im-
VR technologies mersion
[8] Procedural music | Experience- Dynamic  game
generation driven procedural | music
generation
[9] Adaptive music ef- | Empirical study Player  emotion
fects and engagement
[17] Audio-driven ani- | Deep-learning- Full-body anima-
mations based Audio2AB | tions in VR
network
[12] Sound in interac- | Discussion of | Enhance user en-
tive environments | sound design | gagement
techniques
[10] Generative music | Taxonomy and | Dynamic music in
systems survey games
[27] VR exposure ther- | VR game for acro- | Cost-effective ex-
apy phobia treatment | posure therapy
Our Adaptive radio | MetaSounds Interactive  audio
Study system in VR and finite state |in  serious VR
machine game

In short, creating more responsive, personalized, and
immersive virtual reality and serious gaming experiences
still heavily depends on integrating modern audio systems,
especially through procedural and adaptive ways. These
developments hold out the possibility of improving VR
technology medicinal uses, educational outcomes, and user
engagement [1], [2], [3], [4], [5], [6], [7], [8], [9], [10], [11],
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(12], [13], [14], [15], [16], [17], [18], [19], [20], [21], [22],
[23], [24], [25], [26], [27], [28], [29], [30], [31], [32], [33],
[34], [35], [36], [37], [38], [39], [40].

IIl. METHODS

The project prioritises using Unreal Engine MetaSounds to
create adaptive sound in order to create an immersive and
interactive environment within a virtual reality (VR) serious
game. The main goal is to make the virtual environment more
immersive and enjoyable for users by combining music and
gameplay dynamics in a natural way.

A particular emphasis is on putting in place an interactive
radio system in the gaming environment as shown in Figure 1.
This comprises compiling the necessary audio integration
requirements, such as generated music, ambient noises, and
adaptive sound creation with Unreal Engine MetaSounds.
The project acknowledges that the graph logic of the radio
system is a result of the integration of Unreal Engine
blueprints with MetaSounds.

Establishing a well-defined goal and emphasising the use
of MetaSounds and Unreal Engine blueprints, the project lays
the groundwork for crafting a captivating and lively audio
experience for the virtual reality serious game. Extensive
planning guarantees adherence to project objectives and
establishes the foundation for efficacious implementation and
performance.

A. ADAPTIVE RADIO SYSTEM DESIGN

Three specified stations—Happy, Excited, and Intense—each
cater to a different emotion on the radio system. Players
can choose from a variety of tunes to fit their preferred
mood, as each station plays a carefully chosen collection
of pre-recorded tracks that correlate to its mood. Both
“Next” and “Previous” buttons are available for station
navigation, enabling smooth transitions between the various
mood settings. The radio seamlessly moves to the next station
when the “Next” button is hit, and it is easier to navigate
to the prior station when the “Previous” button is used. The
radio system may be used with ease thanks to the navigation
controls’ integration into the user interface.

Each station’s sampled audio playback is managed by
MetaSounds. Set up inside the Unreal Engine environment,
MetaSounds control how recorded music is played back
from the game’s audio library, providing a variety of audio
experiences. Each station has a playlist that is arranged
and includes a selection of looping sampled songs that fit
the appropriate mood. When moving to the previous or
next station, MetaSounds transition effects facilitate seamless
song switching and provide the player with aural cues to
indicate the shift.

Intuitive controls, such as a power switch for turning on and
off the radio and “Next” and “‘Previous” buttons for station
navigation, make it easier for users to interact with the radio
system. In the virtual environment, visual feedback indicates
the status of the radio and the station that is currently selected,
which increases user awareness and engagement.
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FIGURE 1. The system this article purpose to create an immersive setting to enhance the enjoyment of serious virtual reality games.
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FIGURE 2. The design for the adaptive radio system: a schematic of the radio system’s immersive experience dependent on player action and a controller
for the system that uses a finite state machine.

The goal of the design is to provide a smooth experience navigation controls, and sampled audio playback all work
by successfully integrating MetaSounds and the radio system together to provide a captivating and entertaining gaming
into the virtual reality setting. The user-friendly UI, simple environment. Iterative design modifications are informed by
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player feedback, and extensive testing and refinement are
carried out to assess functionality and user experience.

B. STATION TAXONOMY AND TRANSITIONAL OVERLAP
We operationalize stations via audio features: tempo (BPM),
mode/valence, broadband energy, and spectral flux. Tracks
are pre-labeled:

« Happy: 90-120 BPM, major mode, medium energy, low
spectral flux.
o Excited: 120-140BPM, major/mixolydian, high
energy, higher spectral flux.
o Intense: >140BPM or pronounced rhythmic den-
sity/drive.
During transitions we allow a continuous overlap between
adjacent stations (i — j) with a mixing coefficient A € [0, 1]:

y(@) = 1 = A1) yi(t) + A1) (1), ey

where A(t) ramps from O to 1 over 7 using the equal-power
schedule above.

C. ADAPTIVE RADIO SYSTEM DEVELOPMENT

The goal of the development phase is to build a dynamic and
immersive radio system within the VR serious game by fully
implementing the blueprint graph and MetaSounds processes.
This is a thorough explanation of the development procedure.

The radio system’s blueprint graph acts as its structural
core, coordinating a number of features that are essential
for smooth audio integration and user interaction. When the
game launches, the graph launches MetaSounds and watches
a specified value in it to determine when the music on
the selected station has finished. The blueprint uses event
handling to cause MetaSounds to start playing a different
song from the station’s carefully selected list, so the music
is always changing to fit the player’s preferred mood.

This mathematical formula captures the essence of the
adaptive radio system’s reactivity to player actions and the
resulting changes in audio states, which is necessary to
effectively simulate the dynamics of the system within the
VR environment.

D. TRANSITION DESIGN AND VALIDATION

All tracks are loudness-normalized to —16 LUFS. Station
switches use a 350ms equal-power crossfade; non-active
stations are muted to 0.0 gain to prevent bleed. Where beat
grids are available, switches snap to the nearest beat/bar
with <250 ms pre-roll. We validate smoothness via envelope
plots (no overshoot) and spectrogram snapshots (no transient
clipping) across transitions.

E. SYSTEM MODEL AND FORMALIZATION

Let S; € S denote the discrete audio state at time 7, A, € A
the user action, and At the elapsed time. We refine Eq. (2) as:

ST+1 zf(ST’Al9 At)s

Sk =f S, Ary . Arpr_t, AD). )
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We model the controller as a Mealy machine M =
(0, %,4, q0, O) with states Q = {Off, Happy, Excited,
Intense}, inputs ¥ = {Next, Prev, Power}, transition §
0 x ¥ — Q, initial state g9 = Off, and output mapping
O : 0 x ¥ — R? to audio control parameters (track IDs,
gains, envelopes). and similarly for Prev. The output applies
equal-power crossfades during switches with window t:

gout(t) = COS(Z—;) . gin(t) = sin(;—;) ref0.1]. (3

V(1) = gour(t) yi(r) + gin(1) (1), “

with loudness normalization to a target of —16 LUFS prior to
mixing. Non-active stations are muted to 0.0 gain; optional
beat-synchronous alignment is used when tempo metadata
are available.

The radio system’s current status, including active stations
and continuing audio outputs, is represented by S(¢) at time
t. The player’s actions at time ¢, such as switching stations
or turning on/off the radio, are indicated by A(#). In order
to control transition effects and procedural sound changes,
At, or the time elapsed between the current and the next
state, is essential. The function f determines the subsequent
state by considering the player’s actions, the time interval,
and the current state. In order to guarantee a smooth audio
transition that preserves narrative coherence and immersion,
this function combines the procedural generating capabilities
of MetaSounds with the logic of the finite state machine.

The blueprint also controls the radio system’s condition,
classifying it into several states including Off, Happy Station,
Excited Station, and Intense Station. State transitions are
triggered by user interaction with interface components, such
as the “Next” and ‘‘Previous” buttons as shown in Figure 5
and Figure 6. These transitions allow for smooth station
switching to fit different gameplay dynamics and preferences.

The implementation uses complex event logic to control
the radio’s ON/OFF functions. The RadioOff event is initiated
when the user presses the OFF button, dynamically lowering
all station volumes to zero. By simulating the sensation of
missing segments and the modifications that follow when
playback resumes, this simulated real-life radio behaviour
improves immersion shown in Figure 7.

MetaSounds operations are carefully planned and executed
in tandem with the blueprint graph to guarantee the best
possible audio playback and transition effects. When the
game launches, MetaSounds starts playing every list linked
to every station at random, providing a wide range of
musical samples to enhance the player’s listening experience.
Then, MetaSounds uses the Wave Player node to accomplish
smooth playback when it plays each music sample in the
assigned station shown in Figure 8.

When a music sample ends, MetaSounds initiates a
transition event, which instructs the blueprint graph to begin
playing a different sample. Every station has a volume that it
controls, and if another station is playing while the current
radio station is on, the volume will drop to 1. With this
solution, a user can enjoy a genuine radio experience where a
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FIGURE 4. The Finite State Machine is controlled by the blueprint; in each state, the radio will switch radio stations or turn

on and off.

station never stops airing, even if they switch to another one.
In order to sustain immersion and engagement, this iterative
method guarantees a constant and dynamic audio experience
with smooth transitions between musical tracks.

When switching between stations, MetaSounds uses pro-
cedural generation techniques to create static sounds, such
as employing the Perlin noise node. The user experience
is improved overall by these procedurally generated effects,
which give the acoustic world more depth and realism shown
in Figure 9.

F. PARTICIPANTS AND PROCEDURE
Thirty participants (age 18-30; include gender counts)
completed the study using an HMD (model) on a desktop
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PC (CPU/GPU). Pre-immersion indicators included prior VR
exposure (none / <5h / 5-20h / >20h), self-reported audio
sensitivity (1)—(5), and hearing status.

G. MEASURES

We used S5-point Likert items (1=Strongly Disagree,
5=Strongly Agree). Table 2 defines each metric and
aggregation.

H. STATISTICAL ANALYSIS

We report means with 95% CIs (or SE). Correlation uses Pear-
son r with n = 30 and two-sided p. For switching frequency
(Never=0, Rarely=1, Sometimes=2, Very Frequently=3) we
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FIGURE 5. The Blueprint controls the “Next” transition button inside the finite state machine.
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FIGURE 7. The blueprint controls the “On/Off” transition button inside the finite state machine.

fit:
Immersion; = By + ,31Fi(H) + ,BzFl.(E) + ,33Fi(1) +¢€, (5

optionally adding a quadratic term to capture non-linearity at
very high switching.

IV. RESULT AND ANALYSIS

The adaptive radio system underwent extensive testing, which

yielded thorough insights into its functioning, stability, audio

quality, usability, and interface with the game engine.
Functionality testing was done to make sure that the

system could transition between the ‘Happy’, ‘Excited’,

and ‘Intense’ stations with ease by using the ‘Next’ and

189194

‘Previous’ buttons. By making sure that the audio tracks
were suitable for the chosen radio station and that the
transitions between them were smooth, the audio output
consistency was verified. In order to guarantee a user-
friendly interaction experience, the responsiveness of the
user interface—including button presses and toggle switches
for radio power—was assessed. Furthermore, the logic of
the finite state machine was examined to ensure that state
transitions resulting from user inputs followed the intended
flow.

Testing the integration of audio processes with the Unreal
Engine’s graphics and physics engines confirmed that there
were no interferences with other game mechanics.
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FIGURE 8. The MetaSounds graph playing samples of music on a loop.

Usability Testing: Initial input was obtained regarding
the system’s intuitiveness and ease of use of the interface.
When changing stations or adjusting the radio power, user
satisfaction with the system’s feedback was measured, and
the results showed that users had a good experience.

Audio Quality Testing: To guarantee immersive sound
quality, the fidelity and clarity of the audio outputs were
examined. It was confirmed that the audio changed dynami-
cally in response to the player’s movements and interactions
within the game, making the virtual world more realistic and
captivating.

A thorough user testing session was held to assess
the usefulness and user experience of the adaptive radio
system within our serious virtual reality game. To provide
a varied testing pool, we recruited 30 people with varying
levels of VR technology experience, from beginners to
experts. Using a head-mounted display (HMD), partici-
pants in the testing sessions interacted with the adaptive
radio system and played the VR game in a controlled
setting.

VOLUME 13, 2025
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TABLE 2. User-study metrics and scoring.

Metric Example items (1-5) Aggregation

Ease of Use “The radio controls were easy to | mean
learn”; “Switching stations felt
straightforward.”

Immersion “I felt present in the scene”; “Audio | mean
matched the environment.”

Emotional “Music heightened key moments.” single/mean

Impact

Satisfaction “Overall, I am satisfied with the audio | single
experience.”

Replay Intent “I would play again to try audio vari- | single
ants.”

Our user testing’s main goals were to evaluate usability,
engagement, emotional impact, and general satisfaction.
Ninety percent of participants thought the radio system’s
user interface was simple to use and intuitive. Only
75% of customers reported that some of the advanced
audio settings were easy to use, despite some small
difficulties.
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FIGURE 9. MetaSounds graph adaptive radio system controller generating sound using volume controller and generate static noise.

FIGURE 10. Adaptive radio system enhances immersive game environment at sun rise in-game time.

When it came to involvement, the adaptive radio system
was much more immersive than traditional audio sets
(85% of subjects reported higher levels of immersion).
Participants observed that the game felt more responsive
and alive because of the dynamic audio changes in reac-
tion to game circumstances. Regarding emotional impact,
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eighty percent of participants said that while they were at
crucial game moments like reaching goals or confronting
obstacles the music adaptively heightened their emotional
experience. The game’s emotional depth was increased by the
smooth and well-received transitions between various audio
states.
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FIGURE 11. Adaptive radio system enhances immersive game environment at noon in-game time.

TABLE 3. Functionality testing summary, all functionality works as
intended.

Testing Phase | Result Summary Issues Identified

Functionality | Successful transitions; accu- | None
rate audio output

Integration No disruption to game me- | None
chanics

Usability Interface found intuitive and | None

user-friendly
Audio Quality |High clarity and immersive | None
sound maintained

An average rating of 4.5 out of 5 indicated a high level of
overall satisfaction. 70% of participants expressed a desire
to play the game again in order to explore other audio
environments, highlighting the adaptive radio system as
a crucial component in promoting replayability shown in
Figure 12.

Based on the data supplied, we examined the link between
age, degree of immersion, and length of VR sessions to learn
more about how these variables interact and affect the VR
user experience. We distinguished between the various age
groups and looked at the corresponding immersion levels in
order to evaluate the distribution of immersion levels among
them. The age range of the participants was 18 to 30, with
the bulk falling between 18 and 22. On a scale of 1 to 5,
where 5 is the highest immersion level, the levels were
measured. Immersion levels ranged from 1 to 3, according
to the majority of participants.

Those between the ages of 18 and 22 reported higher levels
of immersion than those between the ages of 28 and 38,
according to the analysis. According to this research, younger
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participants may be more acclimated to VR surroundings or
may find the encounters more interesting and captivating.
Younger participants may have had higher levels of immer-
sion because they were more accustomed to and more ease
with technology.

Next, we investigated the relationship between participant
reported degrees of immersion and the length of VR sessions.
The study’s VR sessions lasted anywhere from 12 to
33 minutes. Longer VR sessions are generally linked to
higher levels of immersion, as seen by the positive connection
(r = 0.45) identified between session time and immersion
level shown in Figure 13.

More time spent in the virtual reality environment was
reported by participants as increased immersion. This implies
that giving users more time to interact with the VR material
could improve their level of immersion overall. The depth
of the immersive experience seems to be much enhanced
by prolonged exposure to VR surroundings, underscoring
the significance of session time in creating successful VR
experiences.

As a whole, the data shows that, in comparison to older
individuals (23-30), younger participants (18-22) typically
report higher degrees of immersion. Longer VR sessions are
also positively connected with higher levels of immersion,
indicating that prolonged use of VR settings can improve
the sense of immersion. With the use of these insights,
VR experiences that are age-appropriate can be created, and
session lengths can be maximised to enhance user immersion.
Additional elements, such as the kind of VR content and the
particular qualities that lead to higher levels of immersion,
should be investigated in future research.

a thorough examination of the effects on participants’
stated levels of immersion caused by the frequency of
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switching between the joyful, enthusiastic, and intense
stations. The frequency of usage was classified as “Never,”
“Rarely,” “Sometimes,” and ‘“Very frequently.” The mean
immersion level of 2.80 was seen in participants who “‘never”’
switched to the cheerful station, suggesting a lower level
of engagement with the immersive audio experience. The
mean immersion level of those who “‘rarely” switched
was 3.03, indicating a marginal increase in immersion.
The mean immersion level of 2.96 for those who switched
“sometimes’’ indicated a moderate level of engagement. The
mean immersion level of 3.01 for those who switched ““very
frequently” suggested that frequent switching might increase
immersion.

The mean immersion level for participants who ‘“‘never”
switched at the enthusiastic station was 3.06, indicating
a relatively high level of immersion even in the absence
of frequent switching. In comparison to those who never
switched, those who “‘rarely” switched had a mean immer-
sion level of 2.84, indicating a lesser level of engagement.
The mean immersion level of 2.93 for those who switched
“sometimes” indicated a moderate level of engagement.
Frequent switching greatly improves immersion; the group
that switched ““very frequently” had the highest mean
immersion level (3.31).
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Participants who ‘“‘never” switched had a mean immer-
sion level of 2.83 for the intense station, indicating less
engagement with environments with intense sounds. The
mean immersion level of 2.61 for those who ‘‘rarely”
switched, indicating considerably less immersion. Switching
“sometimes’” was associated with the highest mean immer-
sion level (3.09), suggesting that intermittent switching to
the intense station is the most effective way to increase
immersion. The mean immersion level of those who switched
“very frequently” was 2.99, indicating that, in comparison
to occasional switching, extremely frequent switching may
marginally lessen immersion shown in Figure 14.

According to the investigation, changing stations can
improve immersion by introducing dynamic changes to the
audio surroundings. Higher immersion levels are correlated
with frequent switching at the joyful and enthusiastic stages.
The best level of immersion for the intensive station comes
from sporadic switching, suggesting that audio transition bal-
ance is essential to preserving an interesting and immersive
experience.

The degree of immersion that participants expressed was
connected with how they perceived the effects of the music.
Participants who felt that the music effects improved their
experience had a mean immersion level of 2.94. The music
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effects were categorised as “Improve,” “No effect,” and
“Worsen.” This implies that immersive experiences are
enhanced by good music effects. Neutral perceptions of
music impacts do not significantly reduce immersion, as seen
by the mean immersion level of 3.04 among participants who
reported no effect from the music. The mean immersion level
of 3.29 was surprisingly higher among those who thought
that the music effects damaged their experience than among
those who reported improvements. This suggests that, due
to the increased focus on the acoustic environment, even
unfavourable opinions of adaptive audio may promote a
higher level of involvement.

Positive impressions of the impacts of music are often
linked to higher levels of immersion, according to the
findings. Nevertheless, participants’ degrees of immersion
persisted even when they thought that the music impacts
made their experience worse. This implies that adaptive
audio, whether viewed favourably or unfavourably, is impor-
tant for keeping consumers interested and improving the
immersive experience.

The testing findings demonstrate the radio system’s
efficacy and dependability and show how dynamic audio
processing could improve immersion in virtual reality envi-
ronments. Tests of the system’s functionality and connection
with the Unreal Engine environment validated its excellent
operation, which is essential for preserving a flawless gaming
experience.

The radio system’s efficacy and dependability are con-
firmed by the user testing results, which also demonstrate
how much the system may improve emotional involvement
and immersion in virtual reality environments. Sustaining a
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flawless gaming experience in the Unreal Engine environ-
ment depends on the system’s operational quality. Problems
like the difficulty of accessing advanced options were noted,
indicating areas that needed more improvement.

The system’s straight forward design and ease of use are
highlighted by usability testing, which is important for user
happiness and engagement. Tests of audio quality confirmed
the higher sound quality, guaranteeing that the sound effects
enhance the game’s immersive atmosphere.

The importance of incorporating adaptable audio systems
in serious VR games is highlighted by the favorable
feedback about user involvement and emotional impact.
These techniques enhance the player’s audio perception while
also making the gameplay more captivating and emotionally
impactful.

The usage of sophisticated audio systems in interactive
applications is affected more broadly by these findings,
especially in serious virtual reality games where dynamic
audio can greatly impact the user experience.

The adaptive radio system demonstrated significant
improvements in user engagement, immersion, and emotional
impact within the serious VR game. User testing showed
that 90% of participants found the interface intuitive, 85%
felt more immersed, and 80% reported that the adaptive
music enhanced their emotional experience. These results
align with previous research, highlighting the critical role of
dynamic audio in enhancing player immersion and emotional
engagement [3], [4], [9]. The system’s ability to provide
smooth audio transitions and high dependability was reflected
in the high average user satisfaction score of 4.5 out of 5.
Furthermore, 70% of participants expressed a desire to replay
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the game to experience different audio settings, underscoring
the system’s potential to enhance replayability [7], [8].
These findings support the conclusion that integrating
adaptive audio systems, such as those using MetaSounds, can
significantly enhance the immersive experience in serious VR
games, with broader implications for applications in virtual
training, therapeutic treatments, and educational platforms.

V. CONCLUSION
This study shows how MetaSounds may be creatively
integrated into Unreal Engine to create a dynamic and
engrossing audio experience for professional virtual reality
games. Through smooth audio transitions and spatial audio
cues, the adaptive radio system not only improves player
immersion but also adds richness to the interactive gameplay
environment. Our findings show that user engagement and
happiness are greatly increased by the system’s dependability
and efficiency in providing high-quality, adaptive audio.

Iterative testing and improvement were made easier
by the agile development methodology, which made sure
the system successfully achieved its technical and user-
experience objectives. This project provides a model for
future growth in serious gaming and other applications such
as virtual training and therapeutic environments. It also
showcases the possibilities of sophisticated audio systems in
VR situations.

In order to further improve immersion, additional study
may look into deeper VR technology integrations, such as
more intricate user interactions and feedback mechanisms.
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The accomplishment of this project creates opportunities for
more advanced uses of sound in interactive media, which
may have an impact on how audio is used in diverse VR
applications across industries.
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