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T h e r e  i s  a  p e r va s i v e  t h e o r y  i n  t h e  v i r t u a l  r e a l i t y  i n d u s t r y  t h at  a u d i o  i s  e s s e n t i a l 
t o  V R  i m m e r s i o n .

“The premise of VR is to create an alternate reality, 
but without the right audio cues to match the 
visuals, the brain doesn’t buy into the illusion.” 
-Mona Lalwani, VR Journalist [1]

“If all you have right now in VR is sight and sound, 
you can’t really have one without the other.” 
-Chris Hegstrom, Sound Designer [2]

“If I have a scene that looks great but doesn’t have 
sound, it doesn’t have the same impact as it does 
having all the audio clues as well.” 
-Brian Hook, Audio Engineer, Oculus [5]

Audio is crucial for creating a persuasive VR 
experience. 
-Oculus Developer Documentation [4]

Spatial audio is a key element for an immersive 
virtual reality (VR) experience.
-Google Open Source Blog [3]

“While purely visual VR experiences can be made, 
adding 3D audio greatly magnifies the impact and 
depth of a VR experience.” 
- Dr. Richard Marks, Senior Director of Research, 
Sony Entertainment [6]
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So what does this mean for gamers with hearing impairments?

I s  V R  i m m e r s i o n  at  o d d s  w i t h  i n c l u s i o n ?
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RESEARCH QUESTION

How does VR audio impact gamer immersion and inclusion?

How does VR audio help achieve immersion?

What types of information are conveyed with 
audio in VR games?

How can VR content creators include hearing-im-
paired gamers in their designs?

This is a self-directed design research project 
conducted as part of a graduate design studio 
course in fall 2016. The purpose of this research is to 
understand the relationship between immersion and 
inclusion as it relates to virtual reality audio. 

I am interested in tackling this problem for a variety 
of reasons. In my past work experience as a web 
developer, accessibility was not integrated into the 
design process. Instead, it was seen by my fellow 
developers as a hassle and therefore relegated to an 
end-of-project checklist to placate federal standards. 

Since VR is still emerging as a consumer-facing 
industry, there are no federal standards. Instead, we 
are in a Wild West-like land of lawlessness…Well, at 
least when it comes to VR and accessibility. I think 
that there are design opportunities that can push 
innovation if accessibility is given the same weight as 
other design considerations. The time to push design 
innovation that includes everyone is now, while VR is 
young.

In order to understand this, I must first find out:
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Significance

Understanding this relationship helps build 
empathy. Challenging the assumption that audio 
is key to immersive virtual reality ensures no one 
aspect of VR is over-relied upon. 

VR designers who do not consider people with 
auditory impairment exclude a large user base. 
360 million people, or more than 5% of the world’s 
population, are either deaf or hard of hearing. This 
can be further broken down into 328 million adults 
and 32 million children. [7]. Of those, approximately 
70 million people worldwide are deaf [8]. 

Designers should also consider the historical 
precedence to create inclusive experiences 
for technology. Legislation eventually catches 
up to the technology demand of underserved 
populations, and subsequently companies and 
designers will have to follow suit. For example, the 
inception of the American with Disabilities Act in 
the 1990’s mandated the use of TTY (teletype) for 
telephones and closed captioning for television 

and movie theaters nationwide. Those assistive 
technologies had existed for several decades 
previously, but without legislation many in the 
deaf and hearing loss communities were left 
without access. [8] Today, VR designers have the 
opportunity to make sure that differently-abled 
people are considered and included near the start 
of this emerging technology, instead of excluded 
for decades. 

Lastly, answering this question can help designers 
understand the attitudinal barriers to inclusive 
design in VR, especially attitudes held by the 
overall industry and other individual designers.

why it matters
I chose to look at gaming specifically because of 
the influence gaming has on the rest of the VR 
industry. As of now, gaming has a majority of the 
VR market [25].

Another reason why focusing on gaming matters is 
because VR content is made with gaming engines 
such as Unity and Unreal Engine. 

“We are beg, borrowing, 
and stealing from the 
games industry.” 
- Chris Hegstrom, sound designer [2]

The answer to this research question has a broad 
audience: 

• VR game content creators & designers

• Decision makers at companies that sponsor VR 
games 

• People with hearing limitations or deafness

• You!  You can’t anticipate if you or someone 
you know will be affected by hearing 
impairment or exclusive design practices. 

Why gaming who cares
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process

My process was iterative throughout 
this project. I would collect data, 
come to an understanding through 
synthesis and analysis, then begin to 
form design recommendations. Those 
recommendations would change the 
more data I collected, thus the loop 
presented here. I believe this model 
could be used by others in the field, 
because the VR landscape changes 
constantly. As the data changes, so 
should our design standards.

Collect Data
Observe

Interview

Review literature

Understand
Code data

Synthesis & Analysis

Recommend
Design standards

Calls to action
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Methods

Locations: CoMotion MakerSpace and Holly Hirzel’s home
Time spent in VR: 13.5 hours over 4 weeks
Hardware used: HTC Vive & Oculus Rift

Participant Observation

Limitations
Before trying VR for the first time at UW’s CoMotion Makerspace, I saw 
others trying out the HTC Vive. Seeing them thrash and dance around 
the invisible box created by the system’s sensors reminded me of 
watching beta fish in a glass bowl. The experience is voyeuristic. I had 
to overcome initial self-consciousness of being watched as well as the 
awkwardness of the gear in order to get to the business of collecting 
data. I also had to share the gaming units with other students, so my 
time in VR was limited by the resources available.

Observations in VR is time & attention consuming. Even smaller, 
shorter games such as those in the Lab required about 30 
minutes of time to experience the game, record what was going 
on, then repeat the game if needed. For longer games, I tried 
recording myself describing the audio I was hearing, but that 

required a level of multitasking beyond 
my capabilities. I settled on taking notes 
immediately after removing the headset. 
In the future, I would like to record in-game 
audio and video. I believe this would help 
increase the accuracy of my reflections.

specialist interviews

literature review

Holly Hirzel 
Game and VR developer
Worked on HoloLens for 7 years

Chris Hegstrom
Sound designer
Expertise in games, VR, and UX

• CHI conference papers

• Industry conference videos

• Podcasts

• Industry articles

• Game forums
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related work

While VR technology has existed for many years in research lab settings, it has only begun to go mainstream in the last year 
with the release of the Oculus Rift, HTC Vive, Sony Playstation VR, Google Daydream, and more. Due to this, it is difficult to 
find research that explores designing VR gaming experiences for those with hearing impairments. However, there has been 

work done exploring the use of VR and augmented reality to aid the deaf and hard of hearing communities.

Enable Talk HMD Sound localization Second life

Lastly, an article from the University College London’s London 
Knowledge Lab explored how the inclusion of speech into the virtual 
gaming world of Second Life, an online 3D virtual game, in 2007 had a 
ripple effect for the game’s deaf users.  Previously, text chat was the 
game’s only means of communication. The inclusion of speech created 
the means for the virtual environment to exclude gamers who were 
deaf from social activities and relationship building, even while the 
technology allowing text chat still existed in the game [6].  According 
to Carr, “The research described in this paper has shown that deafness 
as disability is reproduced in virtual worlds, through discourse and 
practice [11].”

Another group of academics at University of Maryland tackled the use 
of augmented reality to create sound awareness for people who are 
deaf or hard of hearing. 

The students created a working prototype of a head-mounted display 
that projected a visualization showing from which direction speech 
was coming from. The group created design guidelines for this type of 
visualization as well as noted areas where improvement could be made 
[10].

in 2012 a group of Ukrainian students created a working prototype 
of “virtual reality gloves” called Enable Talk. These gloves are able 
to capture the movement of the wearer’s hands and translate sign 
language gestures into spoken word, which could have new-found 
application in the VR space [9].
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findings
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Types of audio in VR games

findings

game audio

Non-diegetic
Audio source is not 
present or implied 

in game world

Voice Over/Narration
Disembodied Voice

Ambient sounds

Music
*Not often used during VR 

gameplay. Can cause immer-
sion to break

Source-disconnected

Literal sounds
Source-connected

Dialogue

Walla Walla
-indistinct talking

Activity
The activity of the 

game

Setting
The setting of the 

game

Diegetic
Audio source is 

present or implied 
in game world

The following is a recreation of 
the IEZA framework, which was 
created in 2008 as a coherent 
and consistent framework for 
game audio in response to 
fractured and incomplete audio 
frameworks that did not apply to 
the game industry as a whole. 
I believe this framework holds 
when considering VR game 
audio. [2, 12, 13, 14]

INTERFACE
Non-diegetic audio, sound 

sources outside of the 
fictional game world

AFFECT
Non-diegetic audio, 
adds social, cultural and 
emotional references

EFFECT
Diegetic audio produced or 

attributed to sources

ZONE
Diegetic audio linked to 
game environment

Audio in these quadrants have 
higher potential for excluding 

players with deafness or 
hearing loss. These can impact 

successful gameplay.

Health

Status bar

Pop-up menu

Scoring

Horror sound effects

Footsteps

 Breathing

Gunshots

Car horn

Colliding objectsWind

Rain

 Industrial noise
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How VR audio helps achieve immersion

findings

3D Audio

Object-based audio instead of speaker-
based; Audio is heard from any position 

on X-Y-Z plane

Audio is attached to emitter 
source

Traditional gaming would attach audio 
to generalized ares on an object. 
For immersion in VR, audio must be 
attached to the emitter source, such as 
a character mouth for dialogue

Audio attached to visual source

Audio has to be attached to the 
visual when possible. Exceptions: 
disembodied voices/narration, wind

Audio matches visuals

For sounds especially, the audio has to 
match the object you’re seeing

Head Related Transfer Function 
(HRTF)

Audio rendering that takes into account 
how sound interacts with the outer ears, 
head, neck and shoulders 

Spatialization

Audio is spatialized through sound 
proximity, distance calculated with 
with direct/reflections ratio, and sound 
volume

Head Tracking

Audio moves according to the head position

By simulating localization

By simulating realistic hearing By relating hearing to seeing

[2, 3, 5, 15]
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information conveyed with vr audio

findings

Game Information
Core game mechanics/UI 

In the tutorial for The Gallery, a disembodied voice 
tells you to go to the nearest bottle. Instructions 
on how to grab the bottle were visual, displayed as 
floating cards with text and an image telling me 
what to do. The voice then gave directions to grab 
and smash the bottle, with no visual cues. There 
were also UI cues in Holoball whenever you won 
the game or made a score. 

Gameplay clues 

For completing tasks or moving through stages. 
Specifically, The Gallery relied heavily on audio 
clues to allow the player to advance through 
stages. You had to put tapes into a cassette 
player and a recorded voice would tell you vital 
information so you could perform the next task, 
such as knocking down a box on a shelf above your 
head. 

Round announcement 

The Longbow and Defense Grid 2 both used audio 
to announce the next wave of assailants. In the 
Longbow, announcements came as enemy cheers, 
while an alarm was used in Defense Grid 2.

Player orientation 

When a player orients themselves in the game 
world due to audio cues, which occurs because 3D 
audio is spatialized. For example, in Time Machine 
VR the sound of bubbling, rushing water behind you 
signified a creature was close by. This caused me 
to maneuver the vehicle (by turning my body) to 
see where the creature was located so I could carry 
out the next game task.

Plot and Dialogue
Story line 

The beginning of The Gallery had a lot of narrative 
that explained what sort of game you were playing. 
Through narrative, you come to understand that 
you need to find your sister who has gone missing 
on an island. Story line was often explained 
through character dialogue as well, such as the 
Commander’s introduction at the beginning of Time 
Machine VR.

Player to Player dialogue 

Multiplayer game play was not something I 
was able to experience during the course of my 
research. However, it is reasonable to assume if 
group strategy was needed and communicated 
through spoken word alone, successful gameplay 
would be impeded if one of the players was deaf or 
hard of hearing. 

Emotion 
Mood-setting

In the Robot Repair experience, audio was used to 
convey humor throughout the game. A sarcastic 
disembodied robotic voice, your supervisor, tells 
you that humans are useless workers and should 
be replaced by robots. In Holoball, a simple wall 
ball game, designers musical score was included 
which adds to the game’s sense of fun.

Literal Sound
Diegetic audio

Along with sweeping views of beautiful landscapes, 
the Post Card experience in the Lab bundle utilized 
diegetic (literal) sounds to convey realism. You 
could hear footsteps, the wind, seagulls, and more. 
In Xortex VR, explosions were used when you 
successfully blew up a spacecraft [16].
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attitudes towards vr accessibility

findings

“Is VR making accommodations for accessibility? The short answer is: 
they aren’t. The market isn’t big enough to warrant catering to anyone 

outside the norm. And it’s really up to the guy who is paying.”

“I prefer to design for people who are visually impaired.”

“VR today is a gigantic turd phone. Accessibility is a 2nd or 3rd gener-
ation problem. You have to fix the 1st generation problem of hardware 

and software first.”

Arizona Sunshine was released with a subtitle system in place. From 
Vertigo Games’ Richard Stitselaar, “If somebody is deaf, you still want 
them to be able to follow the storyline.” [18]

Artefact created hardware concept ideas that focused on inclusion in 
VR. “Our challenge as designers is to find the right balance between 
immersion and inclusion for each type of VR product.” [17]

Negative Outlook Positive Action Player Needs

Even though there are positive examples of immersion and inclusion in the VR industry, negative attitudes still 
persist and not enough games are including accessibility features, even as audio design takes a place of prominence 
in the overall VR experience.
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Recommendations
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subtitles ftw

recommendations

Design Recommendations

• Include subtitles as part of your 
game at launch.

• Follow traditional subtitle design 
standards: high contrast, readable 
font, appropriate size, etc.

• Attach dialogue subtitles to the 
speaker and object-oriented 
subtitles to the object. 

• If the subtitle contains vital 
information, make sure the player 
reads the info before continuing 
the subtitle sequence.

Subtitles are a staple in traditional gaming titles. There are industry 
design standards for game subtitles, which enhance subtitle 
appearance for readibility and also give guidance on content, line 
length, and accessibility of the feature. [19, 20]

Subtitle systems in VR games are still not standard and a large amount 
of games do not include them. Subtitles that do exist are often poorly 
designed, as shown below. The largest challenge of subtitles in VR 
is placement. There are still debates on whether or not floating text 
fixed to the player’s vision, floating text fixed to the environment, or 
text affixed to objects and characters is the best approach. Apart from 
following the design recommendations I provide, testing of various 
subtitle applications is needed by the industry before a standard can 
be set in stone.

Example of poor subtitle design in The Lab’s Secret Shop.
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design for haptic feedback

recommendations

Design Recommendations

• Ensure important audio and/or 
visual cues such as UI indicators 
have sub-audible low frequencies 
attached to them. 

• Frequencies for haptic cues 
should range between 5 and 40 
hz, below what the human ear can 
detect. This ensures that only the 
player experiences the cue and 
not anyone else in proximity. 

• Localized vibrations have not yet 
been realized in haptic devices 
like SubPac, so visual cues for 
locating important audio are still 
important.

Dr. Dean Shibata, a professor of neuroradiology here at UW, conducted 
a study where he compared the brain activity of 10 students with 
deafness to that of 11 participants with normal hearing ability. The 
study involved scanning the participants’ brains using a fMRI or 
functional magnetic resonance imaging at the same time they felt 
vibrations on their hands. The deaf participants showed brain activity 
in the auditory cortex, which is normally only stimulated when sound is 
heard [21].

 

“These findings suggest that the experience deaf people have 
when ‘feeling’ music is similar to the experience other people 
have when hearing music.” 

-Dr. Dean Shibata

Since haptic feedback is a valid replacement for sound for those who 
cannot hear, designers should consider haptic devices when designing. 
One example of a haptic device that is compatible with VR systems on 
the market today is the SubPac. This devices  translates sub-audible 
frequencies into vibrations and transmits those vibrations along the 
spine. SubPacs are compatible with existing VR technology with no 
additional hardware or software needed, and has a range of 5-130 hertz 
[22].

The SubPac, front view.
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power gestures & ASL

recommendations

Design Recommendations

• Power Gestures for accessibility 
should be unique and not impede 
gameplay. 

• As an example, you could design 
a quick access to subtitles by 
using the basic gesture for “sign” 
in ASL [] and combining that with 
pressing the bumper button on 
both controllers.

• Maintain flexibility with Power 
Gesture designs - VR handset 
hardware is changing rapidly. Vive 
recently demo’ed a prototype of a 
new handset in October.

In late October, Jordan Belamire was groped while playing QuiVR in 
multi-player mode [23]. QuiVR’s developers responded by proposing 
the concept of the Power Gesture – a pre-learned motion that allows 
users to instantly block unwanted experiences when needed [24].

“The concept is simple – a single, cross-platform and cross-
game action that players can rely on as their call to a safe 
space. Like 911, which is the number we all know to call for 
help in the United States regardless of which state you happen 
to live in, it would be a gesture that we teach to our kids and all 
VR players in the event something goes wrong.”

-Henry Jackson, QuiVR developer

I hypothesize that accessing accessibility features can be made 
immersive if you utilize the concept of Power Gestures and unique, yet 
relevant gestures from American Sign Language. There are trade-offs 
to whether there should be one gesture for an accessibility menu or 
multiple gestures for different features. You reduce cognitive load by 
decreasing the number of gestures to learn, but immersion is lessened 
by the appearance of a menu. On the other hand, having immediate 
access to features such as subtitles could prove to be the more user 
friendly and immersive approach, but players would need to learn 
several gestures. Cognitive load could be reduced in this case by 
having informational loading screens that show how to do a certain 
gesture and which feature it yields. 

The current HTC Vive controllers. 
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share responsibility

recommendations

Users 
All of us

Advocate for inclusion

Content Creators
Devs & Designers

Work collaboratively on accessibility 
design solutions

Content Sponsors 
Companies

Make accessibility a product or company priority

Content Distributors 
Steam, et al.

Create minimum accessibility requirements for hosted games

My last recommendation is more of a call to action 
to everyone involved with the VR movement. After 
reviewing the attitudes towards accessibility in VR, I 
believe that the responsibility to cultivate inclusive VR 
experiences lies with all parties. Users like you and me 
can advocate for accessibility features in VR. Developers 
and designers can work collaboratively to overcome 
difficult accessibility challenges instead of working in 
a silo or not considering accessibility at all. Companies 
that sponsor game content can make accessibility a 
product requirement or company priority. Lastly, and most 
significant in their ability to affect all the other parties, 
the content distributors such as Steam could implement 
minimum accessibility requirements for hosted games.
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wrap-up
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Personal Reflection

Research Question
In looking back, I had a really hard time forming the research 
question for our major project. I had an idea of what I wanted 
to research, but it was difficult coming up with a way to 
phrase the problem appropriately. In the end, all I had to do 
was think of it as an unbiased, open-ended, loaded question, 
one that doesn’t have a definitive answer but is explorable 
and yields some sort of design deliverable. This framework 
helped me successfully create research questions in other 
classes as well, so I think it’s a mindset I will continue with 
until something better comes along. 

Interviews
Of the research I conducted, I thought the interview with 
Holly Hirsch did not go very well in terms of data it yielded. 
She had a very dominant personality that threw me off the 
questions I wanted to ask, and she paced throughout her 
kitchen baking while we spoke, which was also distracting. 
Next time I will make my expectations better known. 

The interview with Chris Hegstrom went much better. I 
think I did a fairly good job of coming up with spontaneous 
questions instead of sticking straight to my script, and kept 
him engaged throughout so that he felt comfortable talking 
to me. However, location was a slight probably in this case 
as well. I asked Chris to a local coffee shop, which turned out 
to be crowded and loud. This made listening to the recording 

later a nightmare. I’ve since been looking to buy my own 
lapel mic and recorder, since the Art department doesn’t 
allow students to use the lapel mics, and I’d rather not have 
to ask. 

Participant Observation
I wrote a bit about this in the body of my process book, 
but I think it bears repeating. I am not what you would 
call a “gamer.” I noticed there were times when, if a game 
was seemed intimidating, I was anxious to try it for fear of 
sucking. I got over this, but it still was in the back of my 
mind. I also wondered if my sucking as a gamer hampered 
the data I was able to collect. In the end, I decided that it 
really didn't matter so long as the audio experience was the 
same no matter what.  

Before trying VR for the first time at UW’s CoMotion 
Makerspace, I saw others trying out the HTC Vive. Seeing 
them walk around the “room” created by the system’s 
sensors reminded me of watching beta fish in a glass 
bowl. I felt like a voyeur. I had to overcome some initial 
self-consciousness of being watched as well as the 
awkwardness of the gear in order to get to the business of 
collecting data. 

Participant observation in VR is time & attention consuming. 
Even smaller, shorter games such as those in the Lab 
required about 30 minutes of time to experience the 

game, record what was going on, then repeat the game 
if needed. For longer games, I tried recording myself 
describing the audio I was hearing, but that required a level 
of multitasking beyond my capabilities. I settled on taking 
notes immediately after removing the headset. In the future, 
I would like to record in-game audio and video. I believe this 
would help increase the accuracy of my reflections.

I also had to share the VR units with others students, so my 
time in game was limited by the resources available and 
means I may have missed other audio experiences that could 
have helped shaped this research.

Over the past quarter, I feel like I have gained a solid 
foundation for design research. I hope to eventually get to 
a point where I feel comfortable conducting some of the 
more experimental approaches to design research that 
we reviewed, such as prototyping for research and Ilona 
Gaynor’s narrative approach to design research that she 
backed with data. I think fields like VR and accessibility 
would benefit from researchers comfortable with creative 
and experimental approaches to data collection. 
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