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Abstract—This paper introduces Sonic Doom, an accessibility-
focused enhancement of the ViZDoom First-person shooter (FPS)
platform, integrating an advanced sound design and two aim-
assist systems: Auto Aim (automated crosshair adjustment) and
Sonic Aim (audio feedback for target proximity). To tackle the
issue of FPS games remaining largely inaccessible to visually
impaired players (VIPs) due to the game’s reliance on visual
cues for navigation and combat. We evaluate our approach
through a dual-method framework: (1) AI agents trained to play
blindly using only an audio input, and (2) human participants
in both sighted and blindfolded conditions. Results demonstrate
that enhanced sound design improves navigation efficiency (e.g.,
faster maze completion by the AI agent) and combat accuracy
(e.g., higher enemy kill rates in human trials). While Auto Aim
achieved superior objective performance, subjective evaluation
revealed a strong user preference for Sonic Aim, emphasizing
the need to balance assistance with player autonomy. Our Al-
driven evaluation framework, the first of its kind in FPS accessi-
bility research, provides scalable, objective metrics for assessing
sound designs. This work advances accessible game design by
empirically validating sonification techniques in combat-intensive
scenarios and establishing a methodology for future research in
multi-modal game accessibility.

Index Terms—accessibility, accessible game design, accessible
sound design, accessible FPS game, FPS game.

I. INTRODUCTION

First-person shooter (FPS) games rely on sound design to
complement visuals, providing players with critical feedback
and spatial awareness. Gunfire, footsteps, and directional audio
cues inform players of enemy positions and game events
in ways that visuals alone cannot [1]-[3]. Previous research
has shown that well-designed audio cues, sounds that convey
information about enemy location, distance, or movement, can
enhance player performance [1] and immersion [3], [4]. In
FPS titles, such cues are often utilized for accurately detecting
threats and navigating the environment [1]. The sound design
thus plays a critical role in gameplay: it directs attention and
improves situational awareness in ways that are especially
beneficial when visual information is limited.

For visually impaired players (VIPs), audio is not just an
enhancement but the primary source for experiencing games.
A visually impaired gamer must rely on auditory feedback for
navigation, targeting, and understanding the game [5]. How-
ever, mainstream games remain largely inaccessible to this
audience, as vital information is conveyed almost exclusively
through visual graphics [6]. This creates a substantial accessi-
bility gap: VIPs are either excluded from gaming or forced to
play in severely limited “audio-only” modes, often supported
by ad-hoc sound cues that are insufficient for competitive
play. Yet, the potential of advanced audio design to bridge
this gap is evident in past studies, for instance, researchers
have demonstrated that blind users can build mental maps
of 3D spaces using only sound cues [7], [8]. Such findings
underscore the importance of advanced sonification — the use
of non-speech audio to convey information — techniques in
improving gameplay for VIPs. Sound cues like spatial audio,

and auditory icons can convey spatial layout and events,
enabling VIPs to oFrient and react in virtual worlds [8], [9].
Furthermore, training with audio-only games has been shown
to significantly improve blind players’ sound localization and
navigation skills [10], reinforcing the promise that better sound
design can translate to better play experiences for the visually
impaired.

Despite previous research in game accessibility and sonifi-
cation proposing various auditory enhancements, a significant
research gap remains at the intersection of accessibility and
FPS games. Audio-only FPS games such as Shades of Doom
[11] and Terraformers [12] demonstrate that FPS gameplay
can rely entirely on sound through cues like sonar pings,
spoken announcements, and directional audio. However, these
solutions have primarily been evaluated informally, without
rigorous, objective benchmarking. Although studies showed
that audio cues could enhance spatial awareness for sighted
players in FPS contexts [13], [14], they did not investigate
audio-exclusive gameplay or utilize Al-driven evaluations.
Similarly, while some modern games feature blind-accessible
audio modes, formal empirical assessments of their effective-
ness remain sparse. This lack of empirical validation highlights
a clear gap in accessible FPS game research.

In this study, we take a step forward in addressing the above-
mentioned gaps by introducing and evaluating Sonic Doom,
an enhanced auditory system for the ViZDoom FPS platform
[15]. We integrate accessible sound and game design principles
into the ViZDoom platform, building on previous research on
games for VIPs and best practices in audio game design. Our
key contributions include:

1) We proposed a novel evaluation framework for FPS
games using a Blind Al agent, an agent that plays the
game solely through the audio sensory channel, as part
of sound design evaluation.

2) We are the first to empirically evaluate the accessible
sound and game design techniques in an FPS game using
Al and humans.

3) Our approach enhances not only enjoyment and usability
but also audio aesthetics for human players compared to
the baseline while also improving the performance of the
Blind AI agent.

II. RELATED WORK
A. First Person Shooter Video Games and Sound Effects

Sound effects are one of the most important components
of video games, serving not only as background audio but
also as a fundamental part of the player’s overall experience
[16]. These audio stimuli go further than simple effects.
They are designed to enhance immersion, increase emotional
involvement, and allow for gameplay feedback. Unlike visuals,
which primarily provide explicit and direct information, sound
works on a more subconscious level, affecting how players
perceive and interact with the game world in a variety of



ways. In this case, well-designed sound effects can immerse
players in new sensations and make them feel as if they
are in the game, rather than just controlling a character on
screen [16], [17]. The rustling of leaves in an open-world
adventure, the distant sound of approaching footsteps in a
stealth game, or the echoing gunfire in a first-person shooter
all contribute to a heightened sense of presence and awareness.
These effects create a spatial and emotional depth that visuals
alone cannot achieve. The way a game uses sound can trigger
fear, excitement, tension, or even a sense of relief [18].

One of the most popular video game genres that uses
sound effects is the FPS. In FPS games, sound serves two
purposes at once; it enhances immersion by making the
player feel present in the virtual battlefield, and it provides
essential gameplay feedback that directly influences decision-
making [19]. Beyond immersion and emotional depth, sound
in FPS games acts specifically as a real-time communication
tool between the game and the player, providing sound cues
and signals that help players assess their environment and
react accordingly. The ability to detect the location of enemy
footsteps, distant gunfire, or even the subtle sound of a weapon
being reloaded can mean the difference between victory and
defeat [19]. In high-intensity combat situations, players rely on
these sound cues to determine whether an enemy is nearby,
behind cover, or preparing to attack. Some first-person shooter
titles even feature advanced spatial audio technologies such as
3D sound positioning and binaural audio, which allow players
to pinpoint the exact direction and distance of a sound source
with remarkable accuracy. In addition, FPS games often use
audio feedback to manipulate player actions, providing players
with immediate confirmation of their choices. The sound of
successful shots, the mechanical click of a weapon change,
or the distinct ping of an armor crack all contribute to a
more responsive [20]. These effects not only provide necessary
tactical information but also improve the overall feel of the
game, making combat sequences more intense and rewarding.

There are several studies in the literature about FPS games
and sound effects. Broderick et al. highlight the application of
the Head-Related Transfer Function (HRTF) in video games,
and its role in enhancing spatial audio for immersive gameplay.
The paper mentions its implementation in games such as
Overwatch and Counter-Strike: Global Offensive, where HRTF
helps players accurately locate sounds, improving situational
awareness and realism [21]. Furthermore, Li et al. com-
pare player experiences in an FPS game using personalized,
Gaussian Process Regression Dynamic Difficulty Adjustment
(GPR-DDA), enemy audio cue volume settings versus fixed
settings. The study focuses on the potential of GPR-DDA in
enhancing player immersion and satisfaction through adaptive
audio adjustments [2]. Semionov and McGregor et al. revealed
that spatial auditory cues significantly impact threat perception
in FPS games. Their study demonstrates that the presence of
spatialized sound enhances players’ ability to locate enemies,
thereby reducing perceived threats in the game [22]. However,
when precise spatial localization is absent, players tend to
experience higher threat perception due to uncertainty regard-
ing enemy positioning. The findings suggest that different
spatial audio techniques influence various aspects of gameplay,
including threat perception, enemy localization, and realism
[22]. There remains a significant gap in the literature, as
few studies have explored the effects of spatial auditory
cues on threat perception in FPS games. Existing literature
lacks a comprehensive analysis of how different spatial audio
techniques affect key aspects of the player experience.

B. Sonification Techniques in Accessible Gaming

Sonification has long been a cornerstone of accessible
game design. Early audio games and game modifications for
VIPs pioneered many foundational sonification techniques. For
example, the audio-only FPS Shades of Doom used environ-
mental cues like footstep sounds varying by floor material and
synthetic speech to help players navigate its levels [11]. Mods
like AudioQuake [23] introduced musical earcons (structured
tones) to signal in-game events or objects, while games such
as Terraformers [12] (inspired by classic Doom) employed a
“sound compass” (different tones for direction) and sonar-like
pings to indicate object distance. All of these early approaches
relied on stereo panning and spatialized audio to convey
direction and proximity, demonstrating that even fast-paced
3D games like FPS could be made playable through sound
alone. This foundational work established that audio cues can
substitute for visual cues in gameplay.

More recently, researchers have refined sonification methods
and evaluated their effectiveness in gaming contexts. For
instance, Poudratchi et al. [24] developed multiple sonification
schemes for a maze navigation game (varying a sound’s
pitch and tempo as the player neared a wall) and found that
most users could interpret these audio cues to build accurate
mental maps. Others have explored sound design to improve
immersion for VIPs; 3D audio and realistic reverb have been
used to create richer spatial awareness in games, yielding more
engaging experiences for blind users [25], [26]. There is also
evidence that a well-designed sound design can dramatically
improve usability and enjoyment [27].

Despite these advancements, most prior efforts in accessible
gaming research have not focused on FPS games. While
accessible FPS game mods for Doom, such as Shades of
Doom [11] and Toby’s Accessibility Mod [28], as well as
the aforementioned AudioQuake [23] mod for Quake [29],
exist, to the best of our knowledge, no research has evaluated
the effectiveness of the sonification techniques used in these
accessibility mods in an FPS combat situation. Our work takes
a step forward in addressing this gap by evaluating some of
these sonification techniques using a combined human and Al
evaluation approach.

C. Audio-Based Navigation for the Visually Impaired

A critical challenge in accessible gaming is enabling ef-
fective audio-based navigation—allowing visually impaired
players (VIPs) to orient, explore, and target using auditory cues
alone. Previous work demonstrated that spatial audio, such
as distinct footstep sounds, sonic radar pings, and directional
tones, effectively communicates layout and direction [24].
Tools like NavStick enabled visually impaired players to build
mental maps by providing line-of-sight audio feedback [30],
while Surveyor guided players toward unexplored areas via
targeted audio cues [31]. These approaches not only assist
VIPs but also enhance sighted players’ navigation speed and
accuracy [32]. Nevertheless, existing methods fall short in fast-
paced FPS scenarios, where players must navigate and respond
rapidly to moving threats. The scarcity of research addressing
spatial audio for real-time combat highlights a critical gap
in FPS accessibility literature [33]. Our work aims to fill
this gap by extending established audio navigation techniques
to combat-heavy gameplay, employing Al-driven evaluation
to ensure robust and practical accessibility improvements for
visually impaired gamers.



D. Al and Accessibility in Gaming

Al agents have increasingly demonstrated the value of
auditory input in gaming contexts, including frameworks such
as General Video Game Al [34], DareFightingICE [35], and
ViZDoom, where audio significantly enhances Al agent per-
formance alongside visual input [36]. Despite these advance-
ments, Al-driven methods have rarely been applied to objec-
tively evaluate or optimize accessibility features, with most
research relying solely on subjective user studies. Notably,
the DareFightingICE Sound Design Competition utilized Blind
Al agents for assessing audio accessibility in fighting games
[35], [37], but similar evaluations have yet to be conducted in
FPS games. Our study addresses this gap by implementing a
Blind AI agent in ViZDoom, systematically evaluating how
enhanced auditory cues impact gameplay performance and
accessibility, thus providing objective benchmarks to comple-
ment traditional subjective measures.

III. METHODOLOGY

Our study! utilizes the ViZDoom FPS platform [15]. ViZ-
Doom is an Al research platform based on the classic first-
person shooter game Doom. It enables the development of
Al agents that play the game using visual information from
the screen buffer, making it particularly suitable for research
in machine vision and deep reinforcement learning. Specifi-
cally, ViZDoom serves as a versatile environment for various
research domains, including reinforcement learning, computer
vision, and multi-modal learning [38]-[40].

Moreover, the inclusion of auditory inputs in ViZDoom
allows researchers to investigate how agents can integrate
multiple sensory modalities, which sparked the start of this
research. This study builds upon and extends previous efforts
in game audio and accessibility. We implemented an enhanced
sound design in the ViZDoom platform along with two differ-
ent aim-assist systems. These aim-assist systems consist of an
auto-aim system, inspired by previous work [41] and modern
FPS games like Call of Duty: Warzone [42], as well as a Sonic
Aim system, a novel aim-assist system proposed in this work.
Since FPS games are fast-paced and require precise hand-
eye coordination for aiming, VIPs face significant challenges
in performing well due to FPS games’ reliance on vision
for aiming. This challenge motivated the inclusion of aim-
assist systems alongside enhanced sound design to improve
accessibility in FPS games.

We selected the ViZDoom platform because it allows us
to test and evaluate our approach with Blind Al agents that
rely solely on audio input alongside human participants. This
approach is novel and has not been previously explored in the
domain of FPS games. The details of our implementation are
provided in the following sections.

A. Enhanced Sound Design

ViZDoom, by default, employs assets from Freedoom [43],
an open-source project providing free alternatives to the classic
Doom resources. In this research, we consider Freedom’s
sound design utilized by VizDoom to be the default sound
design. Since our work is the first of its kind in the domain
of FPS game accessibility, we aimed to keep our approach
grounded. Following this principle, we utilized the different
scenarios® provided by the ViZDoom team. Specifically, we

ILink to the source code, Al training data, and enhanced sound design files:
https://github.com/thainv0212/sonic_doom

Zhttps://vizdoom.farama.org/environments/default/

selected five scenarios: Basic, Deadly Corridor, My Way
Home, Predict Position, and Take Cover. These scenarios
represent various challenges found in FPS games, allowing us
to test them with and without our enhancements. We limited
our selection to five scenarios to maintain a grounded approach
while ensuring coverage of unique situations that can occur in
an FPS game. In addition, these five scenarios encompass all
the essential skills required to play the full range of scenarios
ViZDoom provides.

For the enhanced sound design, we implemented several
sound effects based on their effectiveness in previous research
and their usage in accessible FPS games. We added footstep
sounds for the player and wall collision sound effects, as
these have been shown to assist players with navigation and
spatial awareness [14] and have been widely used across video
game genres. In scenarios where players needed to reach an
object, we added proximity sound effects to the object, as such
sounds have been shown to aid both AI and human players in
locating targets [22], [44]. In addition, we introduced enemy
presence indicators in scenarios where it was absent. Lastly,
we implemented static audio cues on walls in the maze
scenario, where the player must locate an object inside a maze.
This was inspired an accessibility mod for Doom called Toby’s
Accessibility Mod [28].

The Figure 1 shows all the scenarios used in our research
and below is their short description.

1) Basic: The map is a rectangular room. The enemy
spawns randomly along the wall opposite to the player. The
player can only move left and right and shoot. A single hit is
enough to kill the monster. The episode ends when the monster
is killed or the timer expires. The time before the scenario ends
is 8.5 seconds.

2) Deadly Corridor: This scenario teaches the player to
navigate toward their primary goal (a green vest) while ensur-
ing survival. The map is a corridor with six shooting enemies
positioned along the sides. The green vest is placed at the far
end of the corridor. The time before the scenario ends is 60
seconds.

3) My Way Home: This scenario teaches the player to
navigate a labyrinth-like environment and locate their ultimate
goal. The map consists of interconnected rooms and a single
dead-end corridor. A green vest is always placed in the same
room. The player spawns in a random room. The time before
the scenario ends is 60 seconds.

4) Predict Position: This scenario trains the player to
synchronize missile shots with a moving target. An enemy
spawns randomly along the wall opposite to the player and
moves back and forth between the corners. The episode ends
when the missile hits the monster, a wall, or the timer expires.
The time before the scenario ends is 8.5 seconds.

5) Take Cover: The player must avoid enemy attacks by
taking cover. This is done to make sure that the player learns
that being hit means a health decrease. The episode ends when
the player dies.

B. Aim-assist Systems

Making FPS games accessible for visually impaired players
(VIPs) presents a significant challenge, as these games are fast-
paced and require precise hand-eye coordination for aiming at
enemies. Relying solely on sound makes it difficult for VIPs
to fully engage with and enjoy these games. To address this,
we introduced two separate aim-assist systems in our research
to test their effectiveness for both Al and human players. Our



Fig. 1. All five scenarios used in this work. basic, deadly corridor, my way home, predict position, and take cover. from left to right.

approach is inspired by previous work demonstrating that aim-
assist can be an effective tool for improving the overall aim of
players [41], [45]. Below are the details of the two aim-assist
systems:

1) Auto Aim: This aim-assist system is inspired by previous
work [41]. It functions by manually shifting the player’s
crosshair—the center point on the screen used for aiming in
FPS games—toward the closest enemy with the highest HP.
The system activates when an enemy is within 45 degrees of
the player’s crosshair. A less rigid version of this system is
commonly found in many console-based FPS games.

2) Sonic Aim: This aim-assist system is a novel contribu-
tion of our work. Its inclusion allows us to test whether a less
intrusive aim-assist system is preferred by players. Previous
research has shown that accessibility features are not always
well-received by VIPs [26]. This system follows the same logic
as the auto-aim system but, instead of manually shifting the
player’s crosshair, it plays a sound effect when the crosshair is
within range of an enemy. The volume of the sound increases
as the crosshair gets closer to the target.

C. Al Agent Architecture and Sound Interface in VizDoom

Building on the findings of a previous study [36], an
interface that provides audio observations for Al agents was
implemented and integrated into ViZDoom’s GitHub reposi-
tory. Specifically, the OpenAL? subsystem in ViZDoom was
used to generate audio. OpenAL offers modern features such
as 3D sound and Doppler shift, which enhance an Al agent’s
ability to perceive spatial audio cues and dynamic in-game
events. Furthermore, it can generate audio observations with
low latency, enabling real-time processing for Al agents.
We used this audio interface and the AI agent architecture
provided in the previous study [36]. Below are the details of
the Al agent architecture.

1) Audio observation in ViZDoom: In VizDoom at each
timestep, the audio input is represented as a vector s € R",
where each element s; is bounded within [—1,1]. The game
runs at 35 frames per second, so each timestep corresponds to
29 ms in real-time. Since the audio data is sampled at a fixed
sampling rate of 22,050Hz and a 4-frame skip setting is used,
the audio observation consists of 2,520 samples per channel,
corresponding to 114 ms. Inspired by a previous study [36], we
use a Fast Fourier Transform (FFT) encoder because it has the
best performance. We process both left and right channels of
audio data separately before concatenating them into a single
output vector. Details of the audio encoder are provided below.

With FFT, the audio data is transformed into a frequency
domain using the Fast Fourier Transform algorithm. Then the
natural logarithm of the magnitudes sppr = logF'F'T(s). The
resulting data is then downsampled using a 1D max-pooling
layer and fed into a two-layer fully connected neural network.
The audio encoder is illustrated in Fig. 2.

3https://www.openal.org/
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Fig. 2. (a) The Model Architecture. (b) The Audio Encoder.

2) Image observation in VizDoom: Following the previous
work [36], for visual observations, we use an image encoder
that consists of three convolutional layers. The output features
from the image and the audio encoder are concatenated to
a single vector. The resulting vector is then fed to a model
consisting of a gated recurrent unit layer and a fully connected
layer to produce action probabilities and value estimation. We
resize images to a resolution of 128 x 72 before feeding them
to the encoder based on the previous work [36]. The model
architecture is illustrated in Fig. 2.

IV. OBJECTIVE EVALUATION

To objectively evaluate our enhanced sound design and aim-
assist systems, we tested them using the aforementioned Al
agent, both with and without our enhancements, across the
five selected scenarios. The motivation for incorporating an
Al agent is to overcome the limitations of relying solely on
human participant studies, which, while essential for subjective
feedback, are often limited in scale and difficult to replicate
perfectly. Al agents enable objective, repeatable, and scalable
benchmarking of accessibility features. The details of our
experiments are provided below.

A. Experimental Setup

We trained Al agents using Sample Factory [46], which
is a Reinforcement Learning framework used in a previous
study [36]. We used the same algorithm and hyperparameters
as in the original paper [46]. We ran all experiments on two
servers, one is a single-116 core server with 1 Nvidia A100
GPU, and the other has a 40-core CPU and 2 Nvidia A6000
GPUs. Despite differences in compute and bandwidth, we
ensured fairness by using identical code and hyperparameters
and evaluating final rewards over fixed timesteps, not wall-
clock time. Thus, the comparison remains fair.

B. Environment scenarios

To test the agent’s performance, we used the aforementioned
five different scenarios: Basic, Deadly Corridor, My Way



TABLE I
AVERAGE COMPLETION TIME ON MY WAY HOME SCENARIO IN ALL

SETTINGS.
Setting Total Average Time
Vision only 3.9 sec
Default Audio + Vision 4.1 sec
Default Audio Only 53.9 sec
Enhanced Audio + Vision 4.2 sec
Enhanced Audio Only 51.3 sec

Home, Predict Position, and Take Cover. We evaluate the
following settings for each scenario:

« Image encoder only.

o Default sound design: image encoder + audio encoder.

o Default sound design: image encoder + audio encoder +
auto aim.

o Default sound design: image encoder + audio encoder +
sonic aim.

o Enhanced sound design: image encoder + audio encoder.

o Enhanced sound design: image encoder + audio encoder
+ auto aim.

o Enhanced sound design: image encoder + audio encoder
+ sonic aim.

Following the previous study [46], for each setting, we trained
an agent for 5 % 108 steps.

C. Results

Figure 3 shows the Al training results for three scenarios
where our enhancements made a difference. We excluded
results from the remaining two scenarios, as there was no
difference between the default and our enhancements. To
improve readability, we applied an exponential moving average
to smooth the learning curves.

As seen in Fig. 3, the auto-aim system helped the Al agent
in both the Basic and Deadly Corridor scenarios. However,
only in the Basic scenario did our enhanced sound design
outperform the default when combined with the auto-aim-
assist system. This could be due to the fact that the Deadly
Corridor scenario involves multiple enemies constantly firing
at the player, creating a more chaotic environment.

In the My Way Home scenario, which is a maze-based
scenario, our enhanced sound design performed slightly better
than the default in audio-only mode. Further investigation
revealed that our enhanced sound design reduced the average
time taken to complete the scenario in both audio-only and
audio + vision modes. Table I presents the average completion
time for all settings. These results suggest that improving
sound design could further enhance performance in navigation-
based tasks.

V. SUBJECTIVE EVALUATION

For subjective evaluation, we conducted a user study using
the Basic and Deadly Corridor scenarios, as we aimed to
measure the effectiveness of our sound design and aim-assist
systems in combat situations. Another reason for selecting only
these two scenarios is that while previous studies have evalu-
ated the effectiveness of audio in terms of spatial awareness
and object localization [26], [30], [31], the impact of sound
design in live combat situations, both with and without vision,
has not been tested before. A round of the Basic scenario lasted
8 seconds, while a round of Deadly Corridor lasted 60 seconds
which is the default length of these scenarios. The user study
was divided into three parts.

TABLE II
AIM-ASSIST EXPERIENCE SCALE IN THE USER STUDY.

The aim-assist operates subtly in the background and does not interfere with my own aiming efforts.
The aim-assist allows me to smoothly track moving opponents during gameplay.
T am satisfied with the way the aim-assist functions during combat situations.

1) Tutorial Phase: The first part served as a tutorial in
the Basic scenario using the default sound design. Par-
ticipants were allowed to move around and shoot the
enemy. This phase consisted of three rounds of the same
scenario to help participants familiarize themselves with
the system.

2) Sound Design Evaluation: In the second part, par-
ticipants tested both the default and enhanced sound
designs, with and without vision, in both scenarios.
The study was structured in pairs, meaning each sound
design was tested first with vision and then without
vision. Participants played three rounds of each scenario
for both vision conditions, after which a questionnaire
appeared. To eliminate bias, the order of sound designs
was randomized for each participant. The questionnaire
consisted of four factors from GUESS [47]—the Game
User Experience Satisfaction Scale, a widely used tool
in game-related research for evaluating user experiences.
The selected factors were Audio aesthetics, Usabil-
ity/playability, Play engrossment, and Enjoyment. These
four factors were chosen as they were the most relevant
to our research.

3) aim-assist Evaluation: In the third and final part, we
tested the aim-assist systems. To reduce the total study
duration and minimize participant fatigue, we evaluated
only the enhanced sound design alongside both aim-
assist systems. The setup followed the same struc-
ture as Part 2, with aim-assist systems presented in a
randomized order for each participant. Similar to the
previous phase, a questionnaire appeared after each test.
This questionnaire was composed of three of the four
factors mentioned earlier (audio aesthetics was removed
as it was not relevant) and an additional aim-assist
performance factor. Since no standardized scale exists
for measuring aim-assist performance in FPS games, we
designed this factor following the GUESS framework,
these questions can be seen in Table II.

At the end of the experiment, participants were asked to upload
the collected game data. While no actual names were collected,
participants were asked to provide a nickname to match their
questionnaire responses with their game data.

In this study, we chose to use blindfolded sighted partici-
pants as a proxy for VIPs to gather data on our game. Using
sighted participants under conditions that simulate blindness
is a common practice in game accessibility studies. Prior work
has frequently employed blindfolded sighted users to evaluate
early versions of accessible games, as recruiting VIPs in large
numbers can be challenging [48], [49]. In addition, sound and
game design should be refined before testing with such an
audience. Nevertheless, we acknowledge the limitation of our
study in not including VIPs at this stage. However, research
has shown that visually impaired people tend to perform
better than blindfolded sighted people, suggesting that any
performance-related findings will likely improve when tested
with VIPs [48], [50].

The study included twenty-four healthy participants (3 fe-
males, 20 males, 1 non-binary) aged between 18 and 35 years.
All participants provided written informed consent prior to
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FACTORS FROM PART THREE OF THE USER STUDY.

Usability/Playability | Play Engrossment Enjoyment Audio Aesthetics Usability/Playability | Play Engrossment Enjoyment aim-assist Experience
Setting Mean STD Mean STD Mean STD Mean STD Setting Mean STD Mean STD Mean | STD Mean STD
Default 13.08 4.24 13.54 3.44 13.00 3.81 15.42 343 Auto Aim 15.13 3.30 13.83 425 14.08 | 2.96 11.29 4.84
Enhanced | 15.33% 279 1413 372 14.17% | 342 | 17.04% 1.76 Sonic Aim [ 16.04 294 14.13 4.39 14.63 | 340 [ 1546%F 3.81
* ¢ p-value < 0.05 ™ : p-value < 0.005
sk
: p-value < 0.005 TABLE V

participation. The study was conducted by the principles of
the Declaration of Helsinki and its subsequent amendments,
as well as the research guidelines of the American Psy-
chological Association. Ethical committee approval was not
required under Japan’s national regulations regarding privacy
and informed consent, specifically the Act on the Protection
of Personal Information (APPI). Out of 24 participants, 46%
were very familiar with FPS games before the user study, 38%
were familiar, 13% were somewhat familiar, and 4% were
unfamiliar.

A. Data Analysis

In this study, we employed the GUESS [47] to evaluate
various dimensions of the gaming experience. We selected
three relevant questions for each of our chosen factors. GUESS
employs a 7-point Likert scale, with Cronbach’s alpha values
ranging from 0.75 to 0.88, indicating strong reliability across
the subscales. To ensure consistency, we also added three ad-
hoc items specifically designed to measure the aim-assist per-
formance factor. To assess the significance of our findings, we
conducted statistical tests. For Part 2 (sound design evaluation)
we applied the Shapiro-Wilk test to assess the normality of
data distributions for both default and enhanced sound design
responses. For Part 3 (aim-assist evaluation) the same Shapiro-
Wilk [51] test was used for both Auto Aim and Sonic Aim
conditions. This test is widely recognized for its effectiveness
in evaluating normality assumptions in statistical analyses. If
the data followed a normal distribution, we conducted a two-
tailed t-test. Otherwise, we employed a two-tailed Wilcoxon
Signed-Rank test [52], a non-parametric alternative suitable
for comparing paired samples without assuming normality.

B. Results

Tables III and IV present the results of the user study for
parts two and three, respectively. The results from part two
indicate that no statistical difference was found between the

PERFORMANCE METRICS FOR THE BASIC SCENARIO IN BOTH VISION AND
NO-VISION MODE OF THE USER STUDY.

Setting Average Time | Average Kills

Default Vision 2.82 0.86
Enhanced Vision 5.38 0.95
Default no Vision 7.36 0.30

Enhanced no Vision 5.94% 0.64%*
Auto Aim Vision 1.81 0.97
Sonic Aim Vision 2.14 0.94
Auto Aim no Vision 2.56%* 0.92
Sonic Aim no Vision 4.85 0.79

*: p-value < 0.05
**: p-value < 0.005

default and enhanced sound design regarding play engross-
ment, albeit the enhanced one was slightly better. However,
audio aesthetics, usability/playability, and enjoyment demon-
strated a statistically significant difference in favor of the
enhanced sound design. These findings suggest that even mod-
erate alterations in sound design to improve accessibility can
yield positive effects. For part three, there was no significant
difference observed in usability/playability, play engrossment,
or enjoyment factors, although the Sonic Aim consistently out-
performed its counterpart. Nevertheless, participants preferred
Sonic Aim over Auto Aim, with a statistical significance,
indicating a preference for a less intrusive aim-assist, though
this finding requires further exploration with VIPs to solidify
its validity.

Table V shows participants’ performance in parts two and
three for the basic scenario. For this scenario, we measured
only the average time taken to finish one scenario under each
condition (3 rounds), with a range of [0, 8], and the average
enemies killed per scenario under each condition (3 rounds),
with a range of [0, 1]. We did not measure average health in the
basic scenario since players cannot take damage. Performance
differences are measured in pairs, for clarity, these measured
pairs are color-coded. The results indicate that our enhanced



TABLE VI
PERFORMANCE METRICS FOR DEADLY CORRIDOR SCENARIO IN BOTH
VISION AND NO-VISION MODE OF USER STUDY.

Setting Average Health | Average Kills | Total Average Deaths
Default Vision 324 3.73 d

Enhanced Vision 7.52 391 1.86

Default no Vision -0.29 271 2.71
Enhanced no Vision -3.71 2.62 2.76

Auto Aim Vision -8.38 2.65 2.76

Sonic Aim Vision 0.67* 3.68* 2.05%
Auto Aim no Vision 107.14%* 4.65%* 1.24%%%
Sonic Aim no Vision 12.10 3.10 2.57

*: p-value < 0.05
*: p-value < 0.005
2 p-value < 0.0005

sound design significantly improves both average completion
time and average kills compared to the default sound design
in the no-vision condition. In addition, auto-aim consistently
outperforms Sonic Aim in the no-vision condition. The best
overall results are achieved by auto-aim in the vision condition.

The results for the deadly corridor scenario are shown
in Table VI. For this scenario, we measured the average
remaining health per scenario under each condition (3 rounds),
with a maximum health of 100 for vision and 500 for no
vision, the average number of enemies killed per scenario
under each condition (3 rounds), with a range of [0, 6], and
the total average deaths per scenario under each condition
(3 rounds), with a range of [0, 3]. As in the basic scenario,
we have color-coded the sets for clarity. Results indicate no
difference in performance between the default and enhanced
sound designs in either vision or no-vision modes. Sonic
aim outperforms auto-aim in vision mode, whereas auto-aim
outperforms Sonic Aim in no-vision mode. In addition, auto-
aim in the no-vision mode achieves the best overall results.

The health was increased from 100 to 500 in no-vision
mode because we anticipated it would be impossible for
participants to perform adequately, and for us to measure
performance accurately, in a challenging scenario like deadly
corridor. The minimum health value is not provided due to
variations caused by the damage of the final hit when the
player was near zero health. Overall, the results show that our
enhanced sound design outperforms the default in the basic
scenario, and we observed that auto-aim produced the highest
performance, aligning with our Al agent’s top performance.
In the deadly corridor scenario with vision mode, Sonic Aim
performed better than auto-aim, possibly because auto-aim
was intrusive and interfered with players’ own aiming. In
contrast, auto-aim achieved the best performance in no-vision
mode, suggesting players relied on it entirely to target enemies
without manually aiming. This reliance on auto-aim may also
explain why participants preferred Sonic Aim over auto-aim,
as reflected in the aim-assist experience scale results.

VI. DISCUSSION

Our findings underscore the potential of enhanced sound
design to bridge the accessibility gap in FPS games. The
Al evaluation demonstrated that spatial audio cues, such as
proximity-based item sound and wall collision sound, enabled
efficient navigation in maze environments (My Way Home
scenario), reducing completion times compared to the baseline.
This aligns with prior work on audio-based spatial mapping
[24], [30], [31] but extends it to FPS gameplay. Combat
performance improvements—higher kill rates in the basic
scenario with enhanced sound design—highlight the viability
of audio cues for target acquisition, even without visual input.

The dichotomy between Auto Aim’s objective efficacy and
Sonic Aim’s subjective preference reveals a critical tension in
accessible design. Auto Aim, while optimizing combat metrics
(e.g., faster target elimination in no-vision mode), was per-
ceived as intrusive, reducing player agency. Conversely, Sonic
Aim’s non-invasive audio feedback preserved user control,
aligning with prior studies where VIPs prioritized autonomy
over automation. This suggests that adaptive assistive systems,
which dynamically adjust assistance levels based on player
skill or preference, could blend performance and user satis-
faction, a promising direction for future work.

Our Al-driven evaluation framework offers a novel contribu-
tion to accessibility research. By benchmarking sound design
through Blind AI agents, we established quantitative metrics
(e.g., navigation time, kill/death ratios) that complement ex-
isting user studies. This approach addresses a longstanding
gap in FPS accessibility research, which has relied heavily
on anecdotal or small-scale human trials. However, limita-
tions persist: using blindfolded participants, while pragmatic,
may not fully replicate VIPs’ auditory expertise. Prior work
notes that VIPs often outperform sighted users in audio-based
tasks, suggesting our human results may underestimate the
system’s potential. In addition, the focus on five scenarios,
though diverse, limits generalizability to more complex FPS
environments. In our future work, we plan to validate these
findings with VIPs and expand scenario diversity to include
multiplayer or procedurally generated levels.

VII. CONCLUSION

This study advances accessible FPS game design through
Sonic Doom, a ViZDoom-based framework integrating en-
hanced sound design and aim-assist systems. Our dual-
method evaluation—combining Al agents and human partic-
ipants—demonstrated that spatial audio cues improve navi-
gation and combat efficiency. We also found that aim-assist
systems must balance performance improvements with user
autonomy. Specifically, participants preferred less intrusive
aim-assist aids (e.g., Sonic Aim) despite achieving lower
objective performance compared to more intrusive systems.
This highlights the importance of player-centric accessibility
solutions. Our findings provide actionable guidelines for de-
velopers, recommending prioritization of spatial audio cues
for improved navigation, customizable aim-assist features, and
Al-driven methodologies for iterative design evaluation. Future
research will involve VIPs and expand evaluations to include
broader FPS gameplay mechanics.

ACKNOWLEDGMENT
REFERENCES

[1] K. Semionov and I. McGregor, “Effect of Various Spatial Auditory Cues
on the Perception of Threat in a First-Person Shooter Video Game,” in
Proceedings of the 15th International Audio Mostly Conference, ser. AM
’20.  Association for Computing Machinery, 2020, p. 22-29.

[2] X. Li, Y. Xia, M. C. Gursesli, X. You, S. Chen, and R. Thawonmas,
“Enhancing Player Experience in a First-Person Shooter with Dynamic
Audio Cue Adjustment Based on Gaussian Progress Regression,” Ap-
plied Sciences, vol. 14, no. 23, p. 11146, 2024.

[3] L. Haehn, S. J. Schlittmeier, and C. Boffel, “Exploring the Impact of
Ambient and Character Sounds on Player Experience in Video Games,”
Applied Sciences, vol. 14, no. 2, 2024.

[4] M. Grimshaw, “Sound and Immersion in the First-Person Shooter: Mixed
Measurement of the Player’s Sonic Experience,” 2007.

[5]1 E. Agrimi, C. Battaglini, D. Bottari, G. Gnecco, and B. Leporini, “Game
Accessibility for Visually Impaired People: A Review,” Soft Computing,
vol. 28, no. 17, pp. 10475-10489, 2024.

[6] D. Gonccalves, M. Piccarra, P. Pais, J. Guerreiro, and A. Rodrigues,
““My Zelda Cane”: Strategies Used by Blind Players to Play Visual-
Centric Digital Games,” in Proceedings of the 2023 CHI conference on
human factors in computing systems, 2023, pp. 1-15.



[7]

[8]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]
[17]

(18]
[19]

[20]
[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

M. Hersh, “Mental Maps and the Use of Sensory Information by Blind
and Partially Sighted People,” ACM Trans. Access. Comput., vol. 13,
no. 2, Apr. 2020.

A. Afonso-Jaco and B. F. Katz, “Spatial Knowledge via Auditory
Information for Blind Individuals: Spatial Cognition Studies and the
Use of Audio-VR,” Sensors, vol. 22, no. 13, p. 4794, 2022.

J. M. Coughlan, B. Biggs, M.-A. Riviere, and H. Shen, “An Audio-Based
3D Spatial Guidance AR System for Blind Users,” in International
Conference on Computers Helping People with Special Needs. Springer,
2020, pp. 475-484.

L. G. Gilberto, F. R. Bermejo, F. C. Tommasini, and C. Garcia Bauza,
“Virtual Reality Audio Game for Entertainment and Sound Localization
Training,” ACM Trans. Appl. Percept., vol. 22, no. 1, Nov. 2024.
[Online]. Available: https://doi.org/10.1145/3676557

G. Games, “Shades of Doom,” 2001, accessed: 2025-03-14. [Online].
Available: http://www.gmagames.com/sod.html

The Terraformers Team, “Terraformers,” 2003, accessed: 2025-03-14.
[Online]. Available: http://terraformers.nu/\#content

C. Johanson, C. Gutwin, and R. L. Mandryk, “The Effects of Navigation
Assistance on Spatial Learning and Performance in a 3D Game,” in
Proceedings of the Annual Symposium on Computer-Human Interaction
in Play, 2017, pp. 341-353.

C. Johanson and R. L. Mandryk, “Scaffolding Player Location Aware-
ness through Audio Cues in First-Person Shooters,” in Proceedings of
the 2016 CHI Conference on Human Factors in Computing Systems,
2016, pp. 3450-3461.

M. Wydmuch, M. Kempka, and W. Jaskowski, “ViZDoom Competitions:
Playing Doom from Pixels,” IEEE Transactions on Games, vol. 11, no. 3,
pp. 248-259, 2019.

K. Collins, An Introduction to the History, Theory, and Practice of Video
Game Music and Sound Design. Mit Press, 2008.

G. Guillen, H. Jylha, and L. Hassan, “The Role Sound Plays in Games: A
Thematic Literature Study on Immersion, Inclusivity and Accessibility
in Game Sound Research,” in Proceedings of the 24th International
Academic Mindtrek Conference, 2021, pp. 12-20.

M. Bélteky, “Emotion in Video Game Audio: Can Sound Effects Be
Perceived to Contain Positive Emotional Content?” 2019.

A. Holloway, R. DeArmond, M. Francoeur, D. Seagal, A. Zuill, and
S. Kurniawan, “Visualizing Audio in a First-Person Shooter With Direc-
tional Sound Display,” in Ist Workshop on Game Accessibility: Xtreme
Interaction Design (GAXID’11) at Foundations of Digital Games, Bor-
deaux, France, 2011.

R. P. LaLiberty, Aural (Re)positioning and the Aesthetics of Realism in
First-Person Shooter Games. University of Rhode Island, 2014.

J. Broderick, J. Duggan, and S. Redfern, “The Importance of Spatial
Audio in Modern Games and Virtual Environments,” in 20/8 IEEE
Games, Entertainment, Media Conference (GEM). 1EEE, 2018, pp.
1-9.

K. Semionov and 1. McGregor, “Effect of Various Spatial Auditory Cues
on the Perception of Threat in a First-Person Shooter Video Game,” in
Proceedings of the 15th International Audio Mostly Conference, 2020,
pp. 22-29.

AGRIP, “AudioQuake,” 2003, accessed:
Available: https://github.com/matatk/agrip

S. Poudratchi, Y. A. Sekhavat, M. R. Azadehfar, and S. Roohi, “BatSight:
A Navigation Game to Map Environmental Information into Audio
Cues,” International Journal of Serious Games, vol. 11, no. 1, pp. 101-
119, 2024.

Y. A. Sekhavat, M. R. Azadehfar, H. Zarei, and S. Roohi, “Sonification
and Interaction Design in Computer Games for Visually Impaired
Individuals,” Multimedia Tools and Applications, vol. 81, no. 6, pp.
7847-7871, 2022.

V. Nair, S.-e. Ma, R. E. Gonzalez Penuela, Y. He, K. Lin, M. Hayes,
H. Huddleston, M. Donnelly, and B. A. Smith, “Uncovering Visually
Impaired Gamers’ Preferences for Spatial Awareness Tools Within Video
Games,” in Proceedings of the 24th International ACM SIGACCESS
Conference on Computers and Accessibility, 2022, pp. 1-16.

M. Lopez, G. Kearney, and K. Hofstadter, “Seeing Films Through
Sound: Sound Design, Spatial Audio, and Accessibility for Visually
Impaired Audiences,” British Journal of Visual Impairment, vol. 40,
no. 2, pp. 117-144, 2022.

Alandol and T. Toby, “Toby’s Accessibility Mod,” 2023, accessed:
2025-03-14. [Online]. Available: https://www.doomworld.com/forum/
topic/134280-toby-accessibility-mod-doom-for-the-blind-v80-released/
ID Software, “Quake,” 1996, accessed: 2025-03-14. [Online]. Available:
https://en.wikipedia.org/wiki/Quake\_%28video\_game%29

V. Nair, J. L. Karp, S. Silverman, M. Kalra, H. Lehv, F. Jamil, and
B. A. Smith, “NavStick: Making Video Games Blind-Accessible via the
Ability to Look Around,” in The 34th Annual ACM Symposium on User
Interface Software and Technology, 2021, pp. 538-551.

V. Nair, H. Zhu, P. Song, J. Wang, and B. A. Smith, “Surveyor:
Facilitating Discovery Within Video Games for Blind and Low Vision
Players,” in Proceedings of the 2024 CHI Conference on Human Factors
in Computing Systems, 2024, pp. 1-15.

2025-03-14. [Online].

(32]

(33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]
[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

D. Marples, D. Gledhill, and P. Carter, “The Effect of Lighting,
Landmarks and Auditory Cues on Human Performance in Navigating
a Virtual Maze,” in Symposium on Interactive 3D Graphics and Games,
2020, pp. 1-9.

F. Apavou, T. B. Bouchara, and P. Bourdot, “Accessibility of Shooting
Task for Blind and Visually Impaired: A Sonification Method Com-
parison,” in 29th International Conference on Auditory Display (ICAD
2024), 2024.

R. D. Gaina and M. Stephenson, ““Did You Hear That?” Learning to
Play Video Games from Audio Cues,” in 20/9 IEEE Conference on
Games (CoG), 2019, pp. 1-4.

I. Khan, T. Van Nguyen, X. Dai, and R. Thawonmas, “DareFightingICE
Competition: A Fighting Game Sound Design and AI Competition,” in
2022 IEEE Conference on Games (CoG). IEEE, 2022, pp. 478-485.
S. Hegde, A. Kanervisto, and A. Petrenko, “Agents that Listen: High-
Throughput Reinforcement Learning with Multiple Sensory Systems,”
in 2021 IEEE Conference on Games (CoG). 1EEE Press, 2021, p. 1-5.
T. Van Nguyen, X. Dai, I. Khan, R. Thawonmas, and H. V. Pham, “A
Deep Reinforcement Learning Blind Al in DareFightingICE,” in 2022
IEEE Conference on Games (CoG). IEEE, 2022, pp. 632-637.

A. Zakharenkov and I. Makarov, “Deep Reinforcement Learning with
DQN vs. PPO in VizDoom,” in 2021 IEEE 21st international symposium
on computational intelligence and informatics (CINTI). 1EEE, 2021,
pp- 000 131-000 136.

Y. Xu, “Deep Reinforcement Learning and Imitation Learning Based on
VizDoom,” in Proceedings of the 2022 6th International Conference on
Electronic Information Technology and Computer Engineering, 2022,
pp. 1700-1706.

A. Sayapin and I. Makarov, “Multi-Modal Deep Reinforcement Learning
in ViZDoom with Audio Component,” in 2022 IEEE 20th Jubilee
International Symposium on Intelligent Systems and Informatics (SISY).
IEEE, 2022, pp. 000 437-000442.

R. Vicencio-Moreira, R. L. Mandryk, C. Gutwin, and S. Bateman, “The
Effectiveness (or Lack Thereof) of Aim-Assist Techniques in First-
Person Shooter Games,” in Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems, 2014, pp. 937-946.

I. Ward and R. Software, “Call of duty: Warzone,” 2020, accessed:
2025-03-14. [Online]. Available: https://en.wikipedia.org/wiki/Call\ _
of\_Duty%3A_Warzone

F. Project, “Freedoom,” accessed: 2025-03-14. [Online]. Available:
https://freedoom.github.io/

C. Chen, U. Jain, C. Schissler, S. V. A. Gari, Z. Al-Halah, V. K. Ithapu,
P. Robinson, and K. Grauman, “SoundSpaces: Audio-Visual Navigation
in 3D Environments,” in Computer Vision—-ECCV 2020: 16th European
Conference, Glasgow, UK, August 23-28, 2020, Proceedings, Part VI
16.  Springer, 2020, pp. 17-36.

C. Gutwin, R. Vicencio-Moreira, and R. L. Mandryk, “Does Helping
Hurt?: Aiming Assistance and Skill Development in a First-Person
Shooter Game,” in Proceedings of the 2016 Annual Symposium on
Computer-Human Interaction in Play, 2016, pp. 338-349.

A. Petrenko, Z. Huang, T. Kumar, G. Sukhatme, and V. Koltun, “Sample
Factory: Egocentric 3D Control from Pixels at 100000 FPS with
Asynchronous Reinforcement Learning,” in International Conference on
Machine Learning. PMLR, 2020, pp. 7652-7662.

M. H. Phan, J. R. Keebler, and B. S. Chaparro, “The Development and
Validation of the Game User Experience Satisfaction Scale (GUESS),”
Human factors, vol. 58, no. 8, pp. 1217-1247, 2016.

J. F. Cheiran, L. Nedel, and M. S. Pimenta, “Inclusive Games: A
Multimodal Experience for Blind Players,” in 2011 Brazilian Symposium
on Games and Digital Entertainment. 1EEE, 2011, pp. 164—172.

B. A. Smith and S. K. Nayar, “The RAD: Making Racing Games
Equivalently Accessible to People Who Are Blind,” in Proceedings of
the 2018 CHI conference on human factors in computing systems, 2018,
pp. 1-12.

L. Zeng and G. Weber, “A Pilot Study of Collaborative Accessibility:
How Blind People Find an Entrance,” in Proceedings of the 17th
international conference on human-computer interaction with mobile
devices and services, 2015, pp. 347-356.

S. S. Shapiro and M. B. Wilk, “An Analysis of Variance Test for
Normality (Complete Samples),” Biometrika, vol. 52, no. 3-4, pp. 591—
611, 1965.

F. Wilcoxon, “Individual Comparisons by Ranking Methods,” in Break-
throughs in statistics: Methodology and distribution. ~ Springer, 1992,
pp. 196-202.



