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Abstract 
Based on prior research on concepts such as kinesonic feedback, and the here presented concept 
of kinesonic perspective, this study investigates whether or not players prefer binaurally 
recorded Foley over monophonically recorded Foley in a first-person video game environment, 
and whether or not binaural Foley has an impact on their relationship to, or perception of, the 
avatar. A game environment was created, in which players could switch at will between two 
audio modes; one containing binaurally recorded Foley, and the other containing 
monophonically recorded Foley. In the study, subjects were asked to state their preference 
between the two modes, motivate said preference, rate the two modes on three attributes, and 
answer questions regarding their perceived relationship to the avatar. Results showed no 
statistical significance regarding the preference of the sample, but a potential link was found 
between subjects’ preference and their perceived believability of the Foley sounds. The 
qualitative results showed that the binaural Foley had a complex impact on the subjects’ 
perception of and relationship to the avatar. The qualitative data also showed that subjects 
generally felt that the binaural Foley originated from their own body. Due to the small sample 
size and diversity of subject opinions it is however difficult to make any generalizations 
regarding the average player. Further research could investigate what role sound plays in the 
player’s ability to embody the avatar, as well as more thoroughly investigate the complex 
relationship between the kinesonic perspective of the avatar and that of the player.  
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Before diving into the main content of this thesis, a brief preface defining game sound in 

relation to its linear cousin, film sound, is in order.  

By virtue of being a linear medium, the composition of the soundscape in film is fixed, and 

construction of this soundscape is one-dimensional in the sense that, after the director and/or 

audio professional has constructed the soundscape, no further participation or addition can be 

made by the viewer. In digital games however (focusing mainly on First-Person Shooter 

games), the player is a constant actor in both generating and re-constructing the soundscape 

based of parameters decided upon by the game developer (Grimshaw, 2011). The player of an 

FPS game has (for the most part) control over both how space is displayed on-screen (control 

of the visual perspective, or “camera”), and over the auditory perspective. To match this level 

of control available to the player, the soundscape consists mostly of spatialized audio that will 

move about the player’s auditory perspective as she turns the head/body of the in-game 

character (Collins, 2013; Grimshaw, 2011), while the position of audio emitters in a film are 

fixed upon release. Thus, the soundscape of a digital game is perpetually changing based on the 

actions and inputs of the player; moving and acting through the character inside the virtual 

world generates self-produced sounds such as footsteps and gunshots, and also changes the 

ambient sounds based on how the player chooses to navigate the virtual space (Grimshaw, 

2011). Based on this, it can be stated that the player is an active participant in the generation, 

and construction of the soundscape in digital games.  

In summary, the visual and auditory perspective of a game player is (often) that of an actor 

acting through an avatar inside the virtual space, while the visual and auditory perspective of a 

film is often that of someone external to the sonic space. (Grimshaw, 2011).  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Firstly, research conducted by Ermi and Mäyrä (as cited by Grimshaw, 2008) suggest that the 

concept of immersion can be divided into three sub-categories: sensory immersion, challenge- 

based immersion (requiring mental and/or motor skills) and imaginative immersion (e.g. the 

backstory of the virtual world). Ermi and Mäyra also propose a more general definition of 

immersion, stating that immersion means becoming physically and virtually a part of the 

experience itself (as cited by Grimshaw, 2008). Building upon the concept of sensory 

immersion, Carr (2006) puts forth the idea of perceptual immersion, wherein “[...] an 

experience monopolizes the senses of the participant [...]” (as cited by Grimshaw, 2008). 

Sensory/perceptual immersion is the sub-category of immersion that this essay will be most 

concerned with. Related to this, Grimshaw proposes his own definition of the term player 

immersion that may be summarized as a shift in perceptual focus, from the sensation of being 

a part of the virtual environment, to being in the virtual environment, and to being the player 

character. Grimshaw states that “[...] in the ideal case, virtuality becomes substituted for 

reality.” (Grimshaw 2008, p. 1).  

These concepts of sensory and perceptual immersion can be tied to the idea of presence, a term 

commonly used when discussing immersion. Reiner and Hecht (2009) propose that presence 

can be described as “a sense of being and acting inside a virtual space.” (as quoted by 

Grimshaw, 2011). Furthering this, Fencott (1999) describes presence as based on perception 

rather than sensation, stating that “[...] the mental constructs that people build from stimuli are 

more important than the stimuli themselves.” (as cited by Grimshaw, 2011).  

Lastly, researcher Murray suggests that immersion is a participatory activity (as cited by Grim- 

shaw, 2008). Building upon this, McMahan suggests that in order for immersion to be facilitated 

in a digital game, the “[...] user’s actions must have a non-trivial impact on the environment[, 

and] the conventions of the world must be consistent.” (as cited by Grimshaw, 2008).  
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The prior research on immersion put forth in this section culminates into a simplified set of 

criterion for the facilitation of immersion in first-person perspective games, with one criteria 

yet requiring further explanation:  

1. The experience should to some extent monopolize the senses of the participant. (Carr, 

as cited in Grimshaw 2008)   

 

2. The player should be an active participant in the construction of the soundscape 

(Grimshaw 2011), and her actions should have a non-trivial impact on the audio 

environment. (McMahan, as cited by Grimshaw 2008)   

 

3. The conventions of the world should be consistent (McMahan, as cited by Grimshaw 

2008). Here, consistency may refer to the consistency of the fiction, art design, and 

sound design as well as the consistency of the behaviour and physicality of objects 

within the game world.  

 

4. The self-produced sounds of the player should provide congruent kinesonic feedback, 

and convey the kinesonic perspective of the player character in a first-person 

perspective game.   

It is this fourth and last criterion that is the main focus of this study. The following sections will 

further detail the specifics of, and academic references behind, this criteria, in the hope that it’s 

addition will be made clear. 

 

This section will present and discuss prior research on how players embody, and identify with, 

virtual characters in digital games. Several aspects of character embodiment and self-perception 

alteration will be presented: mirror neuronal responses, peripersonal space, kinesonic feedback, 

and the first-person perspective. These concepts will culminate in the aforementioned idea of  

kinesonic perspective.  

Prior research has suggested that mirror neuronal responses can occur when observing virtual 

characters (Kahler et al., as cited by Collins 2013), and that these responses can provide the 

groundwork for empathy (Morrison & Ziemke, as cited by Collins 2013). Prior research has 
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also shown that mirror neuronal responses can occur when overhearing an action being 

performed (Kahler et al., as cited by Collins 2013). When seeing or hearing your avatar perform 

an action within the game, the player’s mirror neurons mirror this action, thus establishing a 

connection. This connection draws the player closer to the avatar, and thus closer to the sounds 

the player triggers through the physicality of the avatar within the game world. This provides 

the groundwork for stating that self-produced sounds in games can help the player identify with 

the avatar.  

Prior research has argued that sound exists in our peripersonal space (Cardinali et al., as cited 

by Collins 2013). Simply put, the peripersonal space acts as a multisensory interface for 

interactions between the body and objects within this space. Because of this, Collins argues that 

sound therefore can be an extension of our sense of self.  

Kinesonic feedback can be described as the sensation of producing sound with your own body 

(e.g. hearing your own footsteps or breathing). The assumption is that the player can experience 

kinesonic feedback through the in-game avatar. Kinesonic feedback can allow the player to take 

ownership of self-produced sounds, and helps us distinguish our own bodies from other sound 

emitters (Collins, 2013). Collins also states that given proper kinesonic feedback, and that the 

sound exists in the player’s peripersonal space, self-produced sounds in digital games “[...] 

becomes an extension of their [the player’s] body schema into the virtual world.” (Collins, 

2013, p. 44).  

In this thesis, the idea of kinesonic feedback is synthesized with the first-person perspective of 

FPS games to create the concept of kinesonic perspective. The term can be described as the 

unique perspective of producing and perceiving sounds emitting from your own physical (or 

perceived) body or from your actions, both of which might overlap with the body and actions 

of the in-game avatar. A question of great interest is then: what tools might be utilized to 

convincingly convey the kinesonic perspective of the character in an FPS game? This directly 

relates to the fourth criterion for immersion in games presented earlier, meaning that finding a 

method for conveying this perspective might aid players in identifying with, and embodying 

characters in first-person perspective games.  
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Might specific methods of recording, processing or implementing self-produced sounds in FPS 

games heighten the player’s experience of embodying, or being, the avatar? Will the player 

prefer such the results of such a method, or do self-produced sounds go largely unnoticed by 

the player, contrary to the research presented in this section? 

One such method that might be investigated is the use of binaural microphones when recording 

these self-produced sounds.   

Binaural recording techniques attempt to mimic the way in which we perceive sound in the 

three-dimension space around us through so called head-related transfer functions. By way of 

differences in phase (time), and frequency response depending on the location of the sound 

source, we gauge the position of the source in relation to our own body. Traditionally, 

developers utilize monophonic Foley for their games. Binaurally recorded (or binaurally 

processed) Foley is however beginning to gain in popularity, if not for the entire length of a 

game then at last for certain sections of them. 

The springboard, or catalyst, for this study was a (non-academic) talk held by professional video 

game sound designer Andrew Bullock. In his talk, Bullock discusses how he and the rest of the 

audio team utilized binaural recordings of Foley in order to convey the perspective of the main 

character in the first-person survival horror game Alien: Isolation (Creative Assembly, 2014). 

Samuel Justice, the audio director of SOMA (Frictional Games, 2015), also discusses the use 

of binaural Foley recordings in their game to make the player feel the presence of the player 

character. SOMA is also a first-person survival horror game.  

This means that there is a desire among sound designers to convincingly convey the perspective 

of the avatar in first-person games. This grants a purpose to the aims of this research, from 

which a few different questions arise. Will player’s notice a difference between binaural and 

monophonic Foley? Do they have a preference between the two? How could binaurally 

recorded and/or processed Foley impact the player’s experience of identifying with and 

embodying the avatar in an FPS game? Could the player describe this impact? Could any of 

this be related back to the idea of kinesonic feedback and kinesonic perspective? 
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The main purpose of this study is to investigate whether or not players have a preference 

between binaural and monophonic Foley in a first-person perspective game environment. The 

study is also interested in why players would prefer either of the alternatives. The aim is to 

design a test that yields both qualitative and quantitative data that might be connected back to 

the discussion on identifying with and embodying avatars in first-person perspective games. 

Although this research concerns the relationship between binaurally recorded Foley and 

kinesonic feedback, this is a difficult concept to present to player/subjects. In the early stages 

of this research, it was unclear whether concepts like ‘embodying the avatar’ were things 

players would actually notice or reflect upon. So, rather than assuming that any preference for 

binaural was immediately connected to kinesonic feedback, a decision was taken break the 

study into parts. First an experiment was conducted to investigate players’ preferences for 

binaural or monophonic Foley (the main part), and then their perceptions of kinesonic feedback 

as well as their relationship to the avatar (second part).

The main part of the method of this study consists of a playable game level, in which subjects 

can switch between two audio modes; one mode with binaural Foley, and one mode with 

monophonic Foley. Only the Foley sounds changed between the two modes, and other sounds 

(such as ambience) were consistent between the two conditions. Switching between these two 

audio modes and comparing them was the main task presented to the test subjects, who were 

asked to figure out which mode they preferred (among other questions) while being naïve to 

the specifics of each mode. Besides these two audio modes, the game environment was made 

to the likeness of commercial FPS games, using assets of high quality. A rich ambient 

soundscape was implemented, and the level had a few interactive elements, including a simple 

puzzle. The avatar also had a gun (.44 magnum) that subjects could fire and reload. Visible 

parts of the avatar were the arms and the pistol. The avatar did not have a fully rigged, physically 

present body. The avatar had the typical range of motion including walking, sprinting and 

aiming down the sights of the pistol.
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The test gathered players’ preferences for either of the two audio modes, their motivation for 

said preference, ratings of the two audio modes based on a set of attributes, qualitative data 

regarding their perception of the avatar, as well as some demographic information. 

 

Unreal Engine 4 (Epic Games, n.d.) was selected for the creation of the game environment 

because of its ease of use, availability and prevalence in the gaming industry. The audio was 

implemented using FMOD Studio (Fireflight Technologies, 2018) for similar reasons. The 

game environment was created using the asset packs Forgotten Hotel (Infuse Studio, 2016), 

Animated FPS 44 Magnum Weapons Pack (Ironbelly Studios Inc, 2015), Keys Mini Pack 

(Warren Marshall, 2017) and Kitchen Accessories Pack (Blueprint Games, 2016). These asset 

packs were picked out for their likeness to assets in commercial, “AAA” games such as 

Resident Evil 7 (Capcom, 2016). While the visuals and overall level design of the game were 

not of great significance to the specific research questions of this study, it gives the experiment 

ecological validity. These elements were implemented with the hope that they would provide 

some level of imaginative and challenge-based immersion. Whether or not the visuals and level 

design facilitated these categories of immersion was not tested, however, and it can not be stated 

with any level of certainty that they in fact were facilitated. 

 

The challenge, or gameplay task, consisted of a locked door to which the player could find a 

key. Behind this locked door was a simple shooting range. Here, the inquisitive player can solve 

a simple puzzle that amounted to shooting the objects on the shooting range in a specific order. 

A highly visible plaque showed the order in which the player has to destroy the objects. The 

puzzle consisted of figuring out the relationship between the numbers on the plaque and the 

targets on the shooting range. The objects could be reset to their original states using a highly 

visible button. Upon completion of this puzzle, a “tape player” in the game environment is 

activated, playing a “tape” of recorded applause samples. 
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Figure 1a | Player starting point. User interface widget in the lower left corner displays 
ammo in clip.  

Figure 1b | Locked door at the end of hallway (figure 1a) leading to puzzle room. 

Figure 1c | Key to locked door in adjacent hotel room. 
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Displayed in the figures above (figures 1a, 1b, 1c, 1d) are the main areas of the game 

environment. The main hallway contains 3 hotel rooms that are open for the player to explore, 

one of them containing the key that unlocks the door to the puzzle room (figure 1b). 

 

Even though this main part focused on preferences, the choice of Foley sounds was made with 

two things in mind. First, sounds were chosen that could plausibly provide kinesonic feedback. 

These character Foley sounds react dynamically to the different movements of the character. 

Second, that differences between the binaural and mono versions were likely to be detected. 

They could also be considered the standard range of Foley for an avatar in a first-person game 

environment. 

 

Audio Interface: MOTU UltraLite mk4 
Microphone Preamplifier: RME Octamic 

Binaural Microphone: Neumann KU100 | dummy head binaural microphone 

Monophonic Microphone: Octava MK-012 | small diaphragm, cardioid pattern 

Computer: Macbook Pro 2015 (Apple Computers) 

Software: Pro Tools 12 (Avid) 

 

Figure 1d | Player shooting at targets on shooting range. The green plaque with gold 
numbers displays the solution to the puzzle. 
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A recording session was conducted in a treated room at the recording facilities of Piteå School 

of Music (room G107). A lot of experimentation was done regarding the placement of the 

binaural microphone in relation to the sound source, in order to find a reasonable balance 

between the sense of distance from the source (the footsteps should appear to originate from 

the end of the avatar’s legs) and achieving a tolerable signal to noise ratio. Both the binaural 

and monophonic stimuli were recorded simultaneously, with the two microphones capturing 

the same sound source. This was done in order to create stimuli where the main differentiating 

factor was the method of recording, rather than acoustical differences or differences in the 

performance of the Foley.  

 

For both the mono and binaural, engineer decisions were guided by the need to preserve 

ecological validity with Foley sounds that are comparable to commercial FPS games. Thus, the 

decision was made to not place the two microphones at the same distance from the sound 

source, as was originally planned. 

 

When recording the footstep samples, the binaural microphone was placed at a height of 1 meter 

off the floor, and the monophonic microphone was placed at a distance of about 40 centimeters 

from the sound source. A lot of experimentation and trial and error was done regarding the 

spatial position of the sound source in relation to the binaural microphone, in an attempt to 

authentically imitate the perspective of hearing one’s own footsteps in the real world. The 

footstep stimuli were divided into two groups: walking footsteps, and sprinting footsteps, 

with each group having separate samples for the left and right feet. The position of the binaural 

microphone was never changed after a satisfactory position was found. 12 samples were 

recorded for both the left and right feet in both groups, resulting in a total of 48 footstep samples 

in both binaural and monophonic versions. What follows is a rundown of the filtering applied 

to the footstep samples: 
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All samples: 

High-pass filter | 12 dB/oct @ 213 Hz 

Low-pass filter | 6 dB/oct  @ 10 kHz 

Binaural samples: 

Bell-filter | 0.70Q | -2 dB @ 2.9 kHz 

Monophonic samples: 

Bell-filter | 0.35Q | -2 dB @ 4.33 kHz 

 

Compression was also applied to all footstep Foley samples with a gain reduction of -3 dB using 

the plugin CLA-2A (Waves Audio, n.d.). The binaural and monophonic versions were loudness 

matched using the plugin Izotope Insight (Izotope, n.d.). 

 

The clothing Foley samples were recorded by rustling a light cotton jacket roughly were the 

neck and shoulders would be in relation to the dummy head of the binaural microphone. The 

monophonic microphone was placed directly behind the binaural microphone, pointing down 

towards the sound source at a distance of about 30 centimeters. Like the footstep samples, the 

clothing Foley samples were divided into two groups: walking and sprinting. 10 samples were 

recorded for each group, resulting in 20 clothing Foley samples in both binaural and 

monophonic versions. What follows is a rundown of the filtering applied to the clothing Foley 

samples: 

 

All samples: 

High-pass filter | 12 dB/oct @ 300 Hz 

Low-pass filter | 6 dB/oct  @ 11.5 kHz 

Binaural samples: 

Bell-filter | 0.60Q | -2.5 dB @ 5.2 kHz 

Monophonic samples: 

Bell-filter | 0.35Q | -2 dB @ 6.2 kHz 

Bell-filter | 0.65Q | -2.5 dB @ 1.3 kHz 

 

Compression was also applied to all clothing Foley samples with a gain reduction of -3 dB 

using the plugin CLA-2A (Waves Audio, n.d.). The binaural and monophonic versions were 

loudness matched using the plugin Izotope Insight (Izotope, n.d.). 
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The breathing sounds for the avatar were recorded by breathing directly in front of the binaural 

microphone at the typical position of the mouth, making sure to breathe downward so as to 

avoid the unwanted noise that would occur when breathin directly onto the dummy head of the 

binaural microphone. Just like the footsteps and clothing Foley, the breathing sounds were 

divided into two groups: walking and sprinting. 6 walking samples were recorded. 1 long 

sprinting sample was recorded, with an escalating beginning, loopable middle part and de-

escalating ending. All samples were of course recorded in both binaural and monophonic 

versions. What follows is a rundown of the filtering applied to the breathing stimuli: 

 

All samples: 

High-pass filter | 12 dB/oct @ 400 Hz 

Low-pass filter | 6 dB/oct  @ 14 kHz 

Binaural samples: 

Bell-filter | 0.60Q | -3.5 dB @ 530 Hz 

Monophonic samples: 

Bell-filter | 0.35Q | -2 dB @ 550 kHz 

Bell-filter | 0.65Q | -3 dB @ 970 Hz 

 

Compression was also applied to all breathing Foley samples with a gain reduction of -2 dB 

using the plugin CLA-2A (Waves Audio, n.d.). The binaural and monophonic versions were 

loudness matched using the plugin Izotope Insight (Izotope, n.d.). 

 

The software FMOD Studio was used to implement all audio including the recorded stimuli, 

ambient sounds and sound effects related to the interactive elements of the game environment.  

 

In FMOD, events were created in accordance with the categories of Foley described earlier, 

and also in accordance with the groups (e.g. walking and sprinting or left foot and right foot). 

Each event contained a track with binaural samples and a track with monophonic samples, and 

each version of the samples were placed in randomizing containers. Different levels of volume 

randomization was applied to most Foley audio events, and some light filtering randomization 
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was applied to some of them. The same amount was always applied to both the binaural and 

monophonic samples.   

 

The main challenge in creating the logic for the game audio was creating a seamless switch 

between the two aforementioned audio modes. This was done using custom parameters in 

FMOD, which in turn were triggered to set themselves to specific values (either 0 or 1) in 

Unreal Engine 4 when the player pressed either of the character keys 3 or 4 on a QWERTY 

keyboard. In FMOD, this custom parameter would set the volume of the binaural and 

monophonic samples depending on the value (at 0, the binaural samples would be at full volume 

and the monophonic at “-inf”, and vice versa for the parameter value of 1). This custom 

parameter was implemented in all of the footstep audio events, clothing Foley audio events, 

and breathing audio events. Through this simple switch-system, pressing either 3 or 4 while in 

game would smoothly mix between monophonic and binaural samples for all relevant audio 

events.  

 

The breathing sounds were implemented to randomly trigger walking samples at an interval of 

between 10-15 seconds when idling, and between 6-12 seconds when walking. Upon sprinting, 

the sprinting sample would begin to play, and for longer periods of sprinting a portion of the 

sample would begin to loop. 

 

Ambient sounds and other non-avatar sounds were also implemented. The ambient sounds 

included a general, subtle stereo bed and a range of spots including distant movement in the 

building, rattling windows and howling winds (also placed by the windows). Other non-avatar 

sounds were, for example, trying to open the locked door without holding the key, picking up 

the key, shooting the targets at the shooting range, resetting the targets at the shooting range, 

etc. 

 

Reverb was implemented using FMOD Studio, with different reverb settings for the different 

acoustical spaces of the game environment. Some compression and limiting was also applied 

to the master bus in FMOD Studio. 
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A pre-study was conducted with 4 subjects. All of the subjects were third year students at the 

Audio Engineering program at Luleå University of Technology, and thus familiar with the 

background research done leading up to this thesis. The  purpose of the pre-study was to gauge 

the subjects’ reactions when switching between the two audio modes, to test the effectiveness 

of questions similar to the ones that would accompany the main test, as well as test the 

applicability of three ratable attributes. Another purpose was to receive feedback on the general 

sound design and audio mix of the game. The subjects were deemed qualified to make these 

assessments as they had completed at least two years of audio engineering studies including a 

course on game audio. The pre-study was conducted at the private home of the experimenter, 

on an Apple Macbook Pro 2015 (OSX High Sierra 10.13.1) with an external Apple Magic 

Keyboard and a Logitech M510 wireless mouse. The computer was set up on a desk. The 

amount environmental noise was low. The subjects experienced the audio through a pair of 

Beyer Dynamic DT-880 semi-open headphones. The subjects could switch between the two 

audio modes at will, and were asked to compare and evaluate them. The subjects were not naïve 

to the differences between the two audio modes, but due to the exploratory nature of the pre-

study this was deemed to have minimal impact on the results. 

 

 
The only game space available to the subjects was the main hallway shown in figure 1a. The 

doors to the other rooms were either closed or walled off. This was to direct the subjects’ 

attention to the Foley sounds.  

 

During play, the subjects were asked to answer a questionnaire. The subjects were allowed to 

move back and forth between the game and the questionnaire. The questionnaire contained the 

following questions, which were answered in free text form: 

 
Describe the differences you perceive between audio mode A and B. 

 
Does either of the audio modes impact your perception of, or relationship to, the 
avatar? 

 
 
The subjects were also asked to rate the two audio modes on three different attributes: 
 

Presence 
Envelopment 
Believability 
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The rating of these attributes was done on an unnumbered scale with 9 increments, with “very 

low” at the bottom and “very high” at the top. The main point of interest with these ratings were 

in what ways the subjects would rate the two modes differently (higher or lower), rather than 

extracting hard values. This is why the scale was unnumbered. 

 

The pre-study showed that subjects noticed a substantial difference between the two audio 

modes, and that 3 out of 4 subjects perceived the binaural Foley as being more connected to the 

avatar. What follows are a few quotes from the filled out questionnaires: 

 

“I perceive mode 2 [binaural] as being more immersive.” 

 

“Mode 1 [mono] sounds a bit more focused and more like what a game typically sounds 

like. Mode 2 [binaural] feels more connected to the avatar.” 

 

“It feels more like I am the avatar in mode 2 [binaural]” 

 

“Mode 2 [binaural] feels more uncanny as a whole [commenting on the stereo width 

of the binaural footsteps]” 

 
Some subjects also provided informal comments (outside of the questionnaire) regarding the 

believability of the binaural Foley. For example stating that the spatial position of the binaural 

footsteps (underneath) felt natural, or that the binaural Foley made them feel like they were 

walking with the avatar rather than controlling it. 

 

Comments regarding the general sound design and audio mix of the game were generally 

positive, and the subjects reported that they did not notice anything of poor technical or aesthetic 

quality. 

 

One of the main takeaway points from the pre-study, and the one that had the biggest impact 

on the main study, was several comments regarding the distance between the left and right 

binaural footstep sounds in the stereo panorama. Several of the pre-study subjects mentioned 

this as lowering the believability of the otherwise believable binaural Foley. Because of these 

comments, a second recording session was conducted where all of the footstep samples were 
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re-recorded. The conditions for this second recording session were exactly the same as the first, 

the only difference being the spacing between the footstep sound sources. Since the physical 

stature of the subjects might affect how they perceive their own footsteps in the real world, it 

might be interesting to note that all subjects were between 10-20 cm shorter than the 

experimenter/engineer. How these differences in stature might affect the subjects’ perception 

of the recorded stimuli is however unclear and would require further testing.  

 
The attribute ratings showed that subjects generally rated the binaural mode higher on both 
envelopment and believability.  
 

The subjects’ primary task was to explore the game environment, while continually switching 

between and evaluating the two different audio modes. When ready, subjects would state their 

preference, write out their motivation for said preference, and rate the two modes on the 

attributes presence, envelopment and believability on a scale of 1 (very low) to 10 (very high).  

 

The decision was made to have the subjects repeat this process twice; once in the full game 

environment, with all interactive elements active and the full range of ambient sounds playing; 

and once in a closed off section of the game environment with no interactive elements and only 

a subtle stereo bed as ambience. This design was intended to direct the attention of the subjects 

towards the Foley sounds of the avatar, in case they did not notice or understand the difference 

between the two audio modes in the potentially more distracting fully realized game 

environment.  

 

The modes were randomized; for every new subject, the audio modes would be switched 

around. Meaning that subject 1 would have the monophonic Foley as mode A, while subject 2 

would have it as mode B, etc. This also means that every other subject would start the game in 

binaural mode. 

 

16 subjects participated in the main study. The only requirement for participation was that 

subjects should have some sort of experience with playing video games, and that they should 

have a normal hearing ability. All subjects were students at Luleå University of Technology, 

and the main bulk of the subjects were audio engineering students (13/16). All subjects were 

naïve to the background research, purpose, and aim of the study.  
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The subjects were asked to sit down in front of the computer as the experimenter presented their 

task to them and explained the specifics of the game. Subjects had access to a sheet of paper 

detailing the different inputs available to them ranging from movement to switching audio 

modes and interacting with objects in the game. It was explained to the subjects that the test 

was divided into two parts, that both parts would involve gameplay, and that each part was 

completed once they had successfully filled out the questionnaire specific to that part (rather 

than upon completing any sort of challenge within the game). The questionnaires were 

presented to the subjects and explained before starting each of the two parts, and the subjects 

were asked if anything needed further explanation. See appendices section for all questionnaires 

translated into English. 

 

The questionnaire for the first part of the experiment contained a section were the subjects could 

check the box for their preferred mode (A or B), a section where they were asked to write out 

the motivation for said preference, and a section were they could rate the two modes on the 

aforementioned attributes on a scale of 1 to 10. The subjects could fill out this questionnaire at 

any time while playing, and could go back and forth between the questionnaire and the game. 

The subjects signaled their readiness to proceed to the second part of the test by opening the 

door to the test room once they had successfully filled out the questionnaire.  
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Part 2 of the test was similar in almost every way to the first part of the test. However, the 

subjects now only had access to a smaller, closed-off part of the game environment with limited 

ambient sounds. The subjects were asked to turn away from the computer screen as the 

experimenter set up this alternative game environment. The questionnaire for this part of the 

test was also very similar to its part 1 counterpart, with additional information stating that 

subjects could leave the sections for motivation and attribute ratings empty if they preferred the 

same mode for the same reasons as in part 1. It was however not made clear to the subjects that 

part 2 contained the exact same Foley sounds.  

 

Upon completion of part 2 of the test, subjects were asked to answer a third questionnaire that 

had not been shown to them before hand, containing two questions regarding their perception 

and/or relationship to the player avatar, and their perception of the Foley sounds in the two 

audio modes. The reason for waiting with these questions until after the subjects had stated and 

motivated their preference was to not make them aware of the aims of the study. It would have 

been detrimental to the study if the honest preferences and motivations of the subjects could 

not be collected. Players had the ability to play the game while answering these final questions, 

which were stated as follows: 

 

1. In your experience, does either of the two audio modes impact your perception  

of, or relationship to, the avatar? 

 

2. In your experience, do the sounds related to the avatar (footsteps, clothing, 

breathing) sound as if they could be coming from your own body? 

 

This third and final questionnaire also contained questions regarding their area of study (all 

subject were students at Luleå University of Technology), amount of time spent playing games 

per week, as well as whether they had any experience (amateur or professional) with game 

development. After answering this final questionnaire, subjects were informed that the test was 

completed and were thanked dearly by the experimenter for their participation.  
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Figure 2a | Bar chart showing preference across all subjects divided into part 1 and part 2 
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Figure 2b | Pie chart showing preference across all subjects divided by preference groups.
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Figure 3 | Bar chart  showing distribution of subjects by amount of time spent playing games per week divided by preference 
groups.
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           Figure 4a | Bar chart showing the average attribute ratings across all subjects for part 1 of the test.

 
          Figure 4b |Bar chart showing avarage attribute ratings across all subjects for part 2 of the test.
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                Figure 4c | Bar chart  showing average attribute ratings for preference group consistently binaural.
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    Figure 4d |Bar chart showing the average attribute ratings for preference group consistently mono.

    Figure 4e |Bar chart showing the average attribute ratings for preference group mono à binaural.

    Figure 4f |Bar chart showing the average attribute ratings for preference group binaural à mono.
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Realism/Naturalness Spatial Position Sense of presence 

For longer periods of play, 
mode B [binaural] became 
more natural. 
 
It [binaural mode] 
sounded more realistic. 
 
The timbre felt more 
natural and fits the room 
better [in binaural mode]. 
 
I’m unsure whether or not 
it [binaural mode] feels 
completely natural, but 
side by side the 
monophonic footsteps do 
not feel as real as the 
wider footsteps [binaural]. 

[…] the footsteps in mode B 
[binaural] felt more like they 
were under me. 
 
The way in which the stereo 
width increases makes for a 
more immersive experience. 
 
I preferred mode A [binaural] 
over mode B [mono] because 
the footsteps in mode B 
[mono] sounded as if they 
were in front of me. 
 
I thought you [experimenter] 
was behind me the first time 
I switched to mode B 
[binaural]. 

|…]the echo is more 
prominent in mode A 
[binaural] compared to mode 
B [mono]. This enhances the 
illusion that I am “physically” 
there […]. 
 
Mode B [binaural] sounded 
more like I was there in the 
room. 
 
 

 

Table 1a | Motivation data from preference group consistently binaural coded into three categories. 
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Subject Part 1 
Full level and sound design 

Part 2 
Single room with subdued ambience 

1. Mostly because in mode A [binaural], 
the footsteps sounded as if they were 
behind me which felt strange. 
 

_ 

2. Partly because the footsteps [in mono 
mode] felt more natural. In mode B 
[binaural] the footsteps were “behind” 
me. Mode B [binaural] was a bit too 
roomy for my tastes.  
 

_ 

3. It’s mostly about where the footsteps 
are placed in the sound image. The 
footsteps in mode A [binaural] feel as if 
they are behind me. In addition, mode 
B [mono] has a more classic First 
Person Shooter sound to it. 

I now feel that the footsteps in mode A 
[binaural] are more realistic in the spatial 
placement compared to mode A [binaural] 
in part 1. 
 

Table 1b | table containing the full motivations of preference group consistently mono divided into part 1 and part 2 of the 
test. 



Christoffer Hulthe 
Luleå University of Technology 

30 

Subject Part 1 
Full level and sound design 

Part 2 
Single room with subdued ambience 

1. The footsteps in Mode B [binaural] felt 
more enveloping, but also more 
muffled. I preferred the more digestible 
version (mode A [mono]). 
 

[…] The echo [of the footsteps] in mode B 
[binaural] is more distinct and therefore 
more believable. 
 

2. It felt like the footsteps in mode B 
[binaural] came from behind the avatar, 
which felt unnatural. Mode A [mono] 
felt more like a typical game (sounded 
more like other games).  
 

Mode B [binaural] feels more natural than 
mode B [binaural] in part 1 of the test. Mode 
A [mono] sounds more like a typical game 
[…] […] mode B [binaural] builds more 
atmosphere. 
 

3. It felt more complex and processed 
[mono mode]. In mode A [binaural] the 
footsteps had a clearer spatial position, 
it felt as if they [the footsteps]  sort of 
were under me. I think I’m unused to 
that sort of sound [binaural] and I 
prefer the one I recognize more [mono]. 

I’m liking the more roomy sound [binaural 
mode] more the more I listen to it. At first 
the footsteps [in binaural mode] felt more 
distanced, but you sort of get used to it.  
 

Table 1c | chart containing the full motivation of preference group mono à binaural divided into part 1 and part 2 of the 
test. 
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Subject Part 1 
Full level and sound design 

Part 2 
Single room with subdued 

ambience 
1. I experience the footsteps in mode B [mono] 

as if they are inside my head, which I don’t 
like. In mode A [binaural] the footsteps are 
more to the left and right, which feels right 
when I’m listening in headphones.  
 

In mode A [binaural] it sounds as if the 
footsteps are behind me, which pulls 
me out of the experience. 
 

2. Mode A [mono] has a very standard sound, 
pretty one dimensional but with a lot of 
”punch”. Mode B [binaural] feels closer and 
has a better sense of space. When I first 
switched to mode B [binaural] I could’ve 
sworn that someone came in through the 
door behind me. 
 

It feels as if the spatial positions of the 
sounds have been exaggerated to the 
point that I no longer believe that for 
example it is my own footsteps that I 
hear [when in binaural mode]. Mode A 
[mono] wins because of its clarity and 
readability compared to mode B 
[binaural].  
 

3. It felt wider and it was a lot scarier when the 
footsteps were behind me [when in binaural 
mode]. You could sort of hear more of the 
room’s echo, and a larger contrast between 
close and distant sounds. 
 

The sound levels felt more realistic in 
relation to each other [in mono mode], 
and the footsteps were a bit weird in 
mode A [binaural]. 
 

Table 1d | chart containing the full motivation of preference group binaural à mono divided into part 1 and part 2 of the 
test. 



Christoffer Hulthe 
Luleå University of Technology 

32 

1. In your experience, does either of the two audio modes impact your perception  

of, or relationship to, the avatar? 

 

2. In your experience, do the sounds related to the avatar (footsteps, clothing, 

breathing) sound as if they could be coming from your own body? 

 

 

Prefacing the coded and charted responses of the subjects, a numbering of the most prevalent 

or pertinent statements will be presented:  
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Number of subjects answering that the: 
 
binaural Foley sounded more like it came from their own body: 10 
 
monophonic Foley sounded more like it came from their own body: 4 
 
binaural Foley helped them identify with the avatar: 3 
 
monophonic Foley helped them identify with the avatar: 0 
 
binaural footsteps sounded as if they were behind subject:  5 
 
Binaural footsteps sounded as if they were under subject: 0 
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Preferred binaural 
Realism / believability Spatial position Relationship to / 

percept. of avatar 
[…] better representation of 
how footsteps would actually 
sound in a room. 

- 
[…] the stereo width of the 
footsteps also feel more 
natural. 

- 
The rustling of the clothes feel 
more natural in mode B 
[binaural]. 

- 
I experience more room 
echo/reverberation in mode B 
[binaural] which feels more 
believable compared to mode A 
[mono]. 

 […] the footsteps sound more 
as if they are coming from my 
own body. 

- 
Mode B [binaural] is more 
enveloping. 

- 
the footsteps in mode B 
[binaural] sound as if […] 
[…]they are reflected in the 
room. 

- 
[…] it feels like the footstep 
sounds are coming from 
underneath me. 

Yes, in mode B [binaural] it 
feels more like I am the 
avatar. 

- 
Mode B [binaural] gives the 
scenario more of a horror 
atmosphere, which helps me 
identify with the avatar. 

- 
I felt more as if I was the 
avatar in mode A [binaural] 
compared to mode B 
[mono]. 

 

Table 2a | Chart containing the coded qualitative data from the two wildcard questions directly commenting positively on 
the binaural mode. 

Did not prefer binaural 

Realism / 
believability 

Spatial position Relationship to / percept. of 
avatar 

- 
In mode A [binaural] the 
footsteps sound as if they are 
coming from behind me […] 

- 
The clothing Foley sounds as 
if it is directly to the sides of 
my head which is a bit weird 
[in binaural mode]. 
 

 
 

[the binaural footsteps coming from 
behind]  hinders me from feeling like I am 
the character. 

- 
Mode A [binaural] makes me feel as if the 
avatar is being stalked. 

- 
Mode B [binaural] feels more like I’m in a 
fever dream, and as if I’m more a 
passenger than the captain. 
 

Table 2b | Chart containing the coded qualitative data from the two wildcard questions directly commenting negatively on 
the binaural mode. 
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Table 2a | table containing the coded qualitative data from the two wildcard questions directly commenting positively on 
the monophonic mode. 

Preferred mono 

Realism / believability Spatial position Relationship to / 
percept. of avatar 

Mode A [mono] is a real 
classic and works well in the 
same way that center panning 
dialogue in a movie works 
well. 

- 
Mode B [mono] feels more 
neutral,  more like what it 
sounds like when I’m walking 
in real life. 

- 

Mode B [mono] felt a bit 
distant. 

- 
 

I feel as if I have more control 
over the avatar in mode A 
[mono]. 

- 
I feel like the sounds in mode B 
[mono] sound more like they 
are coming from my own body. 

- 
 

Table 3b | Table containing the coded qualitative data from the two wildcard questions directly commenting negatively on 
the monophonic mode. 

Did not prefer mono 
Realism / believability Spatial position Relationship to / 

percept. of avatar 
Mode B [mono] felt more 
plastered on […] 

- 
In mode B [mono] the sounds 
sound a lot flatter. 

- 
 

In mode A [mono] the 
footsteps sound as if they are 
coming from inside my head. 

- 
 

None of the sounds in mode A 
[mono] [felt as if they came 
from my own body] 

- 
In mode A [mono] it feels 
more like the avatar is in front 
of me, more like a third person 
perspective. 

- 
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Prestudy questionnaire (translated from Swedish to English) 
(continued on next page) 
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Main study questionnaire | part 1 (translated from Swedish to English) 

 
 
 

Chrhul-5| Bachelor’s thesis | Primary study | LTU | 2018 

Part 1 

Which audio mode do you prefer? 

 

 
 
 
 
Motivate your preference: 
 
___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

 
Rate audio mode A and B based on the following attributes. Mark your 
answers on the horizontal lines. The scale stretches from 1 (very low) to 10 
(very high).  

 

 

Mode A Mode B 
Very high 

A 

B 

Presence | Envelopment | Believability 
 

Very low 
Presence | Envelopment | Believability 
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Main study questionnaire | part 2 (translated from Swedish to English) 

 
 
 

Chrhul-5| Bachelor’s thesis | Primary study | LTU | 2018 

Part 2 

Which audio mode do you prefer? 

 

 
 
 
Motivate your preference: 
If you prefer the same mode as you did in part 1 with the same motivation, leave 
the area below blank. If your preference or motivation has changed, elaborate 
below.) 
________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________ 

 
Rate audio mode A and B based on the following attributes: 
(If your perception of the audio modes has not changed since part 1, leave this 
area blank.) 

 

 

 

Mode A Mode B 
Very High 

Presence | Envelopment | Believability 
 

Very Low 
Presence | Envelopment | Believability 
 

A 

B 
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Main study questionnaire | Wildcard questions (translated from Swedish to 
English 

 

In your experience, does either of the two audio modes impact your 

perception  of, or relationship to, the avatar? 

 
_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________ 

 

In your experience, do the sounds related to the avatar (footsteps, clothing, 

breathing) sound as if they could be coming from your own body? 

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________ 
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Main study questionnaire | Demographic data (translated from Swedish to 
English) 
 

 

What is your program of study? 

______________________________________ 

 
 
How much time do you spend per week playing computer games? 
 

0-2h   

2-5h   

5-10h   

10-15h   

15-20h  

 

What is your primary platform of choice when playing computer games? 

console (PS4, Xbox One, etc.) 

PC / Mac 

Smartphone 

Other: _______________________ 

 

Do you have any experience with game development? 

           Yes, on an amateur level. 

             Yes, on a professional level. 

  
             No. 


