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Abstract 

  
Examining the Relationship Between the Presence of Audio and Subjective User Experience in the Context of Virtual 

Reality aims to establish correlation between the presence of spatialized audio during a VR experience and improved 

user experience in terms of increased immersion, realism, enjoyment, and perceived quality of the visual component. 

Through use of the HTC Vive VR headset, twenty-five participants experienced four variations of a forest-themed 

environment, two with accompanying audio from field recordings of wind, birds, and other natural sounds. The four 

variations are as follows: 

  

1. High quality visual render (with audio) 
2. High quality visual render (silent) 
3. Low quality visual render (with audio) 
4. Low quality visual render (silent) 

  

In general, it was found that the presence of audio caused increased feelings of immersion, realism, and enjoyment in 

the user; however, results were inconclusive regarding whether the presence of audio caused an increase in perceived 

visual quality. 
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1. Hypothesis 

  
It is hypothesized that in this study, the presence of audio will have a profound effect on subjective user experience in 

the context of virtual reality media. Specifically, the presence of audio will result in increased feelings of immersion, 

realism, and enjoyment in the subject. Additionally, the presence of audio will result in higher perceived visual quality, 

meaning that when sound is present, the graphics will seem to be more visually appealing (due to the increased feelings 

of immersion and realism mentioned previously). Finally, it is possible that visual quality will have a similar effect of 

perceived audio quality, and that as visual quality increases, perceived audio quality will also be higher. 

  

 

2. Literature Review 

  
A number of previous studies exist regarding the effects of audio quality on visual quality, but as of the writing of this 

paper, the author was only able to find such studies dealing with traditional film media. No such studies were found 

to deal primarily within the realm of virtual reality. These studies have conflicting results as to the degree at which 
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audio affects perception of visual quality.  In her 2015 thesis, Sara Langvik, asked subjects to view audiovisual clips 

that were identical apart from the quality of the accompanying audio, and the subjects gave subjective ratings of visual 

and audio quality for these clips. Although the video quality of these clips was never changed, subjects in her study 

reported that the perceived visual quality of the videos increased as the perceived audio quality increased.1 A 2011 

study by Beerends and De Caluwe, “The influence of video quality on perceived audio quality and vice versa”, 
examined similar questions but had differing results. They found that although both video and audio quality had an 

effect on one another, increased visual quality had a far greater effect on perceived audio quality than vice versa, and 

that “the video quality dominates the overall perceived audiovisual quality.” 2 These studies differ in their conclusions 

about the relative importance of visual and audio quality in an audiovisual work, but neither address the topic of virtual 

reality media. 

   Other studies involving the role of sound in audiovisual media have also impacted the work described in this paper. 

A 2018 study found that when compared to videos using stereo sound, students had better comprehension due to 

increased immersion when watching the same educational films utilizing 3D surround sound.3 This helped lead to the 

decision to use spatialized audio diffused through a 5.1 system. A 2015 study found that adjusting certain mixing 

parameters of the sound design in a film sequence had a “statistically significant effect on plausibility […] to enhance 

the perception of realism”.4 This lends validity to this paper’s hypothesis that the presence of audio can affect 

subjective user experience, including perceived realism. Finally, a 2015 article by Chattopadhyay found that in Indian 

films, “ambient sound practice enhances the spatial and atmospheric sensations”5, yet again lending validity to the 

claim that the presence of audio, specifically ambient sound such as the field recordings used in this paper, influence 

the subjective user experience of the audiovisual media. As with the first two studies discussed, all three of these 

sources dealt primarily with traditional film media and did not include investigation into virtual reality media. 

   There is, however, one recent study which examines the relationship between visuals and audio quality in the context 

of virtual reality. In a 2018 study, it was found that “the visual content has a statistically significant effect on the 

perceived audio quality” in virtual reality media.6 However, this study does not examine the reverse question, which 

is whether the audio has any effect of the perceived quality of the visual component. 

  

  

3. Methodology 

  
1. Create a virtual reality forest environment using Unreal Engine 4, without the addition of audio. 
2. The subject experiences each of 4 VR environments (described above) in a random order, pausing between 

experiences to fill out a survey. 
3. Create a five-minute loop of forest-themed ambient noises, spatialized for playback on a 5.1 surround sound 

speaker array, utilizing SpatGRIS and Logic Pro X.7 
1. This audio utilizes field recordings from the BBC Sound Effects library, as used for research and 

educational purposes in accordance with their licensing agreement.8 
4. Create an identical duplicate of the VR environment, but with the addition of audio. 
5. For both the environment with audio and the environment without, save and export two versions. 

1. One version of each utilizes advanced graphics and particle effects (such as ambient occlusion, 

motion blur, and bloom), uses the highest quality lighting build, and is packaged uses the highest 

quality settings. 
2. The other version does not utilize the abovementioned graphics and particle effects, uses the lowest 

quality lighting build, and is packaged with the lowest quality settings. 
i. This results in four seemingly identical VR environments: 

1.  High quality visual render (with audio) 

2.  High quality visual render (silent) 

3.  Low quality visual render (with audio) 

4.  Low quality visual render (silent) 

6. The subject experiences each of 4 VR environments (described above) in a random order, pausing between 

experiences to fill out a survey. 
1. Survey Questions: 

i. Please respond to these statements with a number from 1 to 10, with 1 being “strongly 

disagree” and 10 being “strongly agree”. 
1.  I was immersed in the experience. 

2.  The experience felt realistic. 
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3.  I enjoyed the experience. 

4.  The visuals were of high quality. 

5.  The audio was of high quality. 

7. After experiencing all 4 environments, the subject fills out another, brief survey. 
1. Final Survey Questions:  

i. Please rank the 4 VR experiences from best to worst, with 1 being the best and 4 being the 

worst, in each of the following categories: 
1.  Immersion 

2.  Realism 

3.  Enjoyment 

4.  Visual Quality 

5.  Audio Quality 

8. Calculate averages of subject responses. 
9. Analyze averages to draw conclusions regarding patterns in subjective user experiences. 

  

4. Raw Data 

 
Figures 1&2. Tables of average rating and rank per parameter for each of 4 environments, considered individually 

and collectively, respectively. 

  

 

5. Data Analysis 

  

5.1 In Regards To Immersion 

  
In the category of immersion, results were fairly consistent both immediately after experiencing environments 

individually and in hindsight after experiencing all four environments. 

  

5.1.1 individually 

  
Individually, Variation 1 was rated as most immersive, followed by Variation 3. Variations 4 and 2 were ranked third 

and fourth respectively. From this, it can be gathered that the presence of audio resulted in increased immersion, 

regardless of visual quality.  However, increased visual quality only contributed to increased immersion when audio 

was present. Without the addition of audio, increased visual quality resulted in decreased immersion. From this, no 

correlation can be observed between visual quality and level of immersion. 
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5.1.2 collectively 

  
When reflecting upon all four environments, results were similar. Variation 1 was again rated as most immersive, 

followed by Variation 3. In this situation however, Variation 2 outranked Variation 4. From this, it can be ascertained 

that the presence of audio resulted in increased immersion, regardless of visual quality. It can also be ascertained that 

increased visual quality resulted in increased immersion, but that its effects were less profound than those of the audio. 

  

5.2 In Regards To Realism 

  
In the category of realism, results were fairly consistent both immediately after experiencing environments 

individually and in hindsight after experiencing all four environments. 

  

5.2.1 individually 

  
Individually, Variation 1 was rated as most realistic, followed by Variation 3. Variations 2 and 4 were ranked third 

and fourth respectively. From this, it can be gathered that the presence of audio resulted in increased realism, regardless 

of visual quality. It can also be ascertained that increased visual quality resulted in increased realism, but that its effects 

were less profound than those of the audio. 

  

5.2.2 collectively 

  
When reflecting upon all four environments, results were similar. In this instance however, Variation 3 was rated as 

most realistic, followed by Variation 1. Again, Variation 2 outranked Variation 4. From this, it can be ascertained that 

the presence of audio resulted in increased realism, regardless of visual quality. However, increased visual quality 

only contributed to increased realism when audio was not present. With the addition of audio, increased visual quality 

resulted in decreased realism. From these conflicting results, no correlation can be observed between visual quality 

and level of realism. 

 

5.3 In Regards to Enjoyment 

  
In the category of enjoyment, results were fairly consistent both immediately after experiencing environments 

individually and in hindsight after experiencing all four environments. 

  

5.3.1 individually 

  
Individually, Variation 1 was rated as most enjoyable, followed by Variation 3. Variations 2 and 4 were ranked third 

and fourth respectively. From this, it can be gathered that the presence of audio resulted in increased enjoyment, 

regardless of visual quality. It can also be ascertained that increased visual quality resulted in increased enjoyment, 

but that its effects were less profound than those of the audio. 

  

5.3.2 collectively 

  
When reflecting upon all four environments, results were similar. Variation 1 was again rated as most enjoyable, 

followed by Variation 3. In this situation however, Variation 4 outranked Variation 2. From this, it can be ascertained 

that the presence of audio resulted in increased enjoyment, regardless of visual quality. However, increased visual 

quality only contributed to increased enjoyment when audio was present. Without the addition of audio, increased 

visual quality resulted in decreased enjoyment. From these conflicting results, no correlation can be observed between 

visual quality and level of enjoyment. 
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5.4 In Regards to Perceived Visual Quality 

  
In this category, it was hypothesized that the presence of audio would result in increased perceived visual quality. In 

other words, it was speculated that being able to hear the audio would cause subjects to perceive the visuals as being 

of higher quality. This was found to be the case in some instances, but not to a very large extent. 

  

5.4.1 individually 

  
Individually, Variation 1 was perceived as having the highest visual quality. Unexpectedly, Variation 4 was rated 

second best, followed by Variation 2. Variation 3 was perceived as having the worst visual quality. A number of 

conclusions can be drawn from these results. When graphics were actually of high quality, it can be seen that the 

presence of audio resulted in higher perceived visual quality. However, when graphics were actually of low quality, 

the presence of audio resulted in lower perceived audio quality. Because of this contradiction, no correlation can be 

confidently stated between the presence of audio and perceived visual quality. Interestingly, subjects also ranked 

Variation 4 higher than Variation 2. Because of this, there is also no correlation found between the actual and perceived 

visual quality of the VR environments. It should be noted that the combination of high quality visuals and audio did 

result in the highest perceived visual quality. 

  

5.4.2 collectively 

  
When all four variations were considered retrospectively, Variation 1 was perceived to have the highest visual quality, 

followed by Variation 2. Variation 4 was ranked third, and Variation 3 was ranked last. A number of conclusions can 

be gathered from this data. Firstly, it can be seen that with high quality graphics, the presence of audio resulted in 

greater perceived visual quality in the subject. In this regard, the hypothesis was correct. However, when the graphics 

were actually of lower quality, the presence of audio resulted in lesser perceived visual quality, contradicting the 

hypothesis. Because of these conflicting results, it cannot be confidently stated that the presence of audio has any 

correlation with perceived visual quality. Unlike in other categories, visual quality had a more profound effect on the 

data than the presence of audio, as the two high quality renders outranked the two low quality renders. 

  

5.5 In Regards to Perceived Audio Quality 

  
There were conflicting results in this category. Both individually and collectively, the two variations with audio 

obviously had the greatest perceived audio quality, but their ranks differed. Individually, Variation 1 outranked 

Variation 3, meaning that higher quality visuals resulted in increased perceived audio quality. In other words, when 

the graphics looked better, subjects thought the audio sounded better. 

   However, when looked at collectively, Variation 3 was ranked first, and Variation 1 was ranked second. From this, 

it can be ascertained that lower quality graphics resulted in greater perceived audio quality. In other words, when the 

graphics looked better, the subjects thought that the audio sounded worse. Because of these contradicting results, it 

cannot be confidently concluded that visual quality has any effect of perceived audio quality. 

  

 

6. Conclusion 

  
Overall, it can be observed that the presence of audio has a profound effect on subjective user experience in the context 

of virtual reality. It can be confidently concluded that the presence of audio has strong correlation with increased 

immersion, realism, and enjoyment, regardless of the visual quality of the VR environment. Results are conflicting 

however, when examining perceived visual quality. This study is unable to find correlation one way or the other 

between the presence of audio and perceived visual quality, as results were conflicting. It is also unable to conclude 

that the quality of the visuals has any effect on the perceived audio quality. 

   Further research should be done to verify these findings, as this sort of study is new in the context of VR, although 

similar studies in the context of film have been done, with conflicting results. Further, an analysis of these findings in 

the context of their psychological reasonings would be of great merit. Specifically, this analysis might delve into the 
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correlation between the dependent measures from this study  (immersion, realism, enjoyment, etc.) and the concepts 

of “presence, engagement, and immersion.” In the context of VR, presence has been defined as “the user’s sense of 

being there in the virtual environment”, while immersion has been defined as “the illusion that the virtual environment 

technology replaces the user’s sensory stimuli by the virtual sensory stimuli.”9 Additionally, these measures could be 

used to more broadly describe “UX (user experience)”, which is defined as “a person's perceptions and responses that 

result from the use or anticipated use of a product, system or service.”10 These specific qualities can be measured with 

questionnaires developed by Witmer and Singer.11 Perhaps, this particular study could be repeated using language 

more closely resembling these questionnaires, in order to use the dependent measure of “presence” as is more 

customary in the field of virtual reality media research. 
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