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Abstract 
This is a study on what factors are important for a user to feel present when watching a 360° video of 
a musical experience. This is of interest because experiences in VR are still under exploration. Some 
artists are trying to live stream their concerts in VR showing that music in VR is something that is of 
interest. The video used in this study was recorded in Adolf Fredriks Kyrka, a church in Stockholm. I 
used a GoPro Omni Rig that records 360 degrees simultaneously to shoot the video in the church. The 
video was then shown in a user study with 23 participants divided into two groups, one VR-group that 
watched the video with an Oculus Rift and one control group that watched the video on a regular 
computer screen. The participants got to answer questions regarding their experience both before and 
after having watched the video. The result shows that there are differences in the experience between 
the two groups. For example the VR-group felt more present in the virtual world than the control 
group. The thing that most participants commented on was the image quality of the video. It was not 
high enough according to some and it was also a bit blurry. Even though the image quality was a bit 
poor, the VR-group did not feel that it was too distracting for them to feel present. Overall the 
participants felt that it was a good and fun experience to watch. The most important factor for the 
feeling of presence is the level of immersion in the system. A fully immersive system will most likely 
give a higher feeling of presence than a non-immersive system. Two other factors that are important 
are the image quality and the audio. These three factors combined with interesting content will most 
likely lead to an experience where the user feels present in the virtual world and forgets the real world 
for a while. 

Sammanfattning 
Det här arbetet fokuserar på de faktorer som är viktiga för att en användare ska känna sig närvarande 
när han eller hon tittar på en 360° video av en musikupplevelse. Detta är intressant då upplevelser i 
VR är något som fortfarande utforskas. Artister har börjat livesända sina konserter i VR vilket visar på 
att just musik i VR är av intresse. Videon som användes i denna studie spelades in i Adolf Fredriks kyrka 
i Stockholm. För att spela in videon använde jag mig av en GoPro Omni Rig som spelar in i 360 grader 
samtidigt. Videon visades sedan i en användarstudie med 23 deltagare fördelat på två grupper, den 
ena gruppen var en VR-grupp som tittade på videon i en Oculus Rift och den andra gruppen var en 
kontrollgrupp som fick titta på videon på en vanlig datorskärm. Användarna fick svara på frågor 
gällande deras upplevelse både före och efter dem hade tittat på videon. Resultatet visar att det finns 
skillnader i upplevelsen mellan de två grupperna. Till exempel så kände sig VR-gruppen mer närvarande 
i den virtuella miljön än vad kontrollgruppen gjorde. Det som de flesta av användarna kommenterade 
på var kvaliteten på bilden. Upplösningen var inte tillräckligt hög och bilden var också lite suddig. Även 
om bildkvaliteten var låg så kände inte VR-gruppen att det distraherade dem för mycket från att känna 
sig närvarande. Överlag så tyckte användarna att det var en rolig och bra upplevelse att titta på. Den 
viktigaste faktorn för känslan av närvaro är nivån av immersion i systemet. Ett fullt immersivt system 
kommer troligtvis generera en högre känsla av närvaro än ett icke-immersivt system. Två andra viktiga 
faktorer är bildkvaliteten och ljudet. Dessa tre faktorer kombinerat med intressant innehåll, kommer 
med största sannolikhet leda till en upplevelse där användaren känner sig närvarande i den virtuella 
miljön och glömmer bort den riktiga världen för en stund. 
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ABSTRACT 
This is a study on what factors are important for a user to feel 
present when watching a 360° video of a musical experience. This 
is of interest because experiences in VR are still under exploration. 
Some artists are trying to live stream their concerts in VR showing 
that music in VR is something that is of interest. The video used in 
this study was recorded in Adolf Fredriks Kyrka, a church in 
Stockholm. I used a GoPro Omni Rig that records 360 degrees 
simultaneously to shoot the video in the church. The video was then 
shown in a user study with 23 participants divided into two groups, 
one VR-group that watched the video with an Oculus Rift and one 
control group that watched the video on a regular computer screen. 
The participants got to answer questions regarding their experience 
both before and after having watched the video. The result shows 
that there are differences in the experience between the two groups. 
For example the VR-group felt more present in the virtual world 
than the control group. The thing that most participants commented 
on was the image quality of the video. It was not high enough 
according to some and it was also a bit blurry. Even though the 
image quality was a bit poor, the VR-group did not feel that it was 
too distracting for them to feel present. Overall the participants felt 
that it was a good and fun experience to watch. The most important 
factor for the feeling of presence is the level of immersion in the 
system. A fully immersive system will most likely give a higher 
feeling of presence than a non-immersive system. Two other factors 
that are important are the image quality and the audio. These three 
factors combined with interesting content will most likely lead to 
an experience where the user feels present in the virtual world and 
forgets the real world for a while. 
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1. INTRODUCTION 
Virtual reality, or VR, is something that many people see as a new 
kind of technology. This is not true however, since the history of 
VR goes all the way back to the early 20th century. Although the 
original concepts were very different from the VR-technology of 
today, the overall idea of VR was well known within the scientific 
community. But it was not until the early 1990s that the 
development of commercial VR-systems became a reality. The 
expectations were very high both within the industry and the public 
sphere. The biggest anticipation could be found within the prospect 
of systems which utilized HMDs, head mounted displays, and data-
gloves for interaction with a virtual environment (VE). The usage 
of VR applications led to speculations of potential side effects from 
using these systems. This notion included reports of flash-backs, 
causing severe difficulties when driving a vehicle, as well as regular 
simulation sickness after being exposed to VR [1].  
One reason why the VR-technology has not been successful until 
now is due to the technology upon which it relies. It has not been 
powerful enough until recent years [2]. 2016 was the year when VR 
exploded and spread across the world. During this year a variety of 

HMDs has been released. Among other things Oculus has released 
their consumer version of Rift, Sony has released their Playstation 
VR and Google has released another version, apart from 
Cardboard, that is called Daydream View [3], [4]. But not even 
HMDs are a new invention. The first HMD, called Telesphere 
Mask, was actually patented 1960 by Morton Heilig. This HMD did 
not have any motion tracking instead it provided stereoscopic 3D 
with stereo sound [5]. Since then the development of HMDs has 
increased and the HMDs we see today are much more advanced 
than the Telesphere Mask. 
A company in Sweden called Handelns Utredningsinstitut, HUI, 
are doing research, investigation and analysis of the trading in 
Sweden. Every year HUI announces the Christmas gift of the year. 
In the year 2016 the Christmas gift was the VR-headset [6] which 
shows that this technology will continue to expand and develop 
even further during the years to come. 
For most people the term VR means a virtual reality that is 3D 
modeled and completely made up. But there is also another kind of 
VR where one uses a camera that is able to record in 360 degrees 
at the same time. These cameras are called omnidirectional cameras 
[7] and the result are several videos that are stitched together to a 
spherical video. It is this kind of VR that this work will focus on. 
When it comes to VR, the computer gaming industry is most 
developed and explored. But people are starting to see more and 
more potential for VR, hence the fast development. A new field of 
application for VR is to portray experiences in VR, either in the 
form of a 3D modeled world or with 360 degrees video. 
Experiences in this case means an event, rather than 
knowledge acquired. This study is about how to portray 
experiences in VR so that the user feels present in the virtual 
experience. 
Experiences are quite a big field of application and it can include 
everything from sky diving to visit a museum. To make the concept 
of experiences a bit smaller I have chosen to focus on one kind of 
experience in this work, musical experiences. Music is something 
that most people have some kind of connection to. 78% of the 
Swedish population listen to music every week and in the age range 
of 16-25 as much as 93% listen to music every week [8]. Since most 
people can relate to a musical experience it felt like a good case to 
test in this study.  
All of this described above leads down to the research question I 
intend to investigate for this paper. The research question is the 
following, 
What factors are of importance when portraying a musical 
experience using 360° video, in order for a user to feel present in a 
virtual world? 

1.1 Limitations 
Sustainability and gender issues were considered, but not pursued 
in this thesis work for topical and practical reasons. I have therefore 
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chosen not to investigate these concepts further in relation to my 
subject. 

2. BACKGROUND 
2.1 Virtual Reality 
2.1.1 Definition 
Virtual Reality (VR) is defined as a computer generated 
environment where the user get the experience of actually being in 
the virtual environment, rather than in reality. This has its origin in 
the humans urge to escape from the limitations that reality has and 
this is done by using the so called cyber world. It generates a 
completely new form of human-computer interaction since you no 
longer need a computer mouse, a keyboard or a touch screen. In this 
way it is possible to accomplish an immersive experience where the 
user really feels like s/he is in the virtual world [9]. This is the 
definition most people think of when they hear the term VR. 
However in this study VR means a slightly different thing, namely 
360° video. Instead of a computer generated environment it is a 
video that is photorealistic and the video surrounds the viewer in 
360 degrees [10]. 

2.1.2 360° Video 
360° video is a relatively new kind of video technology making it 
possible for the viewer to watch a video in every direction [10]. 
360° video is also referred to as spherical video. This kind of video 
is basically a 2D rectangular panorama video that is mapped on a 
sphere mesh. This sphere is then rendered on the user’s screen [11]. 
Below are two images showing what a 2D panorama video looks 
like when it is in 2D and what it looks like when it is mapped to a 
3D sphere (see Figure 1).  

 

 
Figure 1. The picture atop shows a flat 2D image. The picture 

below shows the same image mapped on a 3D sphere 
Unlike 3D modeled VR-worlds 360° video does not have much 
interaction. The only thing a user can do is move the head around. 
Nothing will happen in the video if the user takes three steps 
forward for example. In a modeled VR-world the user can move 
more freely and interact by touching objects in the virtual world. 

A camera that records in 360 degrees simultaneously is called an 
omnidirectional camera. One type of omnidirectional camera is the 
one that have two lenses pointing in two different directions (see 
Figure 2). Each lens then has a recording angle of approximately 
180 degrees in every direction. The video then becomes two images 
that needs to be stitched together to a full video that is 360 degrees 
[12].  
Another type of omnidirectional camera consists of a rig using 
multiple cameras, usually referred to as an array camera system 
[13]. The most popular one right now is the GoPro Omni rig (see 
Figure 2). This rig contains six GoPro Hero 4 cameras that are put 
together in an array using the rig. The array makes it possible to 
start and stop recording on only one camera, which controls the 
other five cameras. When using six separate cameras the result is 
six videos that needs to be stitched together to get a full 360 degree 
video [14]. The advantage of using six GoPro cameras, instead of 
using a camera with two lenses, is that one can get higher image 
quality for a lower price. But on the other hand one has to stitch 
together six videos instead of two. 

                
Figure 2. The picture on the left is an omnidirectional camera 
with two lenses. The picture on the right is an omnidirectional 

camera with an array camera system. 

2.1.3 Head Mounted Displays 
Head Mounted Displays, or HMD as it abbreviates, is the term for 
the type of glasses used for VR experiences. There are different 
types of HMDs that works in slightly different ways. The ones I am 
going to present in this report are a selection of the ones available 
in this generation. 
At first we have Oculus Rift. It uses head tracking technology to let 
the user look around in the virtual world in the same way they 
would have done in the real world. This is a very natural way of 
experiencing the virtual world, something that is important for the 
feeling of presence [9]. 
The first consumer version of Oculus Rift was actually released in 
2016. However they have been releasing prototypes earlier called 
developer's kit. This is because they wanted consumers to test the 
device before releasing the final one [15]. 
In December 2016 Oculus released a pair of controllers for the Rift 
called Oculus Touch. The two controllers track motion in space and 
work as the user’s hands within the virtual world. But they can also 
be used as regular game controllers as well. The Touch controllers 
require an extra sensor-camera to distinguish the hand movements 
from the head movements [16].  
There is also the Playstation VR, PS VR, Sony’s version of a HMD. 
This is a new development for Sony and the first PS VR was 
released in October 2016. It has an OLED screen with the 
resolution of 1920x1080 pixels. This screen is further divided into 
two screens with the resolution of 960x1080 pixels each. And it has 
a refresh rate of 120 hz [17]. 
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Cardboard is Google's own HMD and in contrast to, for example 
Oculus Rift, Cardboard does not have a built-in display. Instead the 
consumer uses their smartphone in combination with special apps 
to provide a VR experience. The cardboard uses two convex lenses 
with the purpose of enlarging the screen of the smartphone. 
Cardboard is also equipped with a magnet button on the side. This 
is for the user to make choices in the app currently being used. This 
works assuming that the smartphone has an integrated sensor that 
are able to feel changes in a magnetic field [18]. Since the release 
in June 2014 Google has distributed 2 million pieces of Cardboard 
[2]. 
Another version of a HMD from Google is called Daydream View. 
It was released in November 2016 at a price of $79 in the US. 
Daydream View is a mobile-based VR headset just like Google 
Cardboard [19]. Although it only works together with Daydream-
ready phones. As of today Daydream View is compatible with 
Google Pixel, Motorola’s Moto Z and ZTE’s Axon 7. Two 
additional phones are on the horizon and will be coming soon, 
Huawei’s Mate 9 Pro and Asus’s ZenFone AR [20]. Instead of 
being made by plastic the Daydream View is made from fabric 
making it more like sportswear. Being made of fabric makes it 
possible to wash the HMD to keep it clean. The headset comes with 
a small remote that is kind of like the remote for Nintendo Wii. The 
control tracks motion and it can also be used for gameplay and 
navigation [21]. 
Samsung Gear VR is a HMD that is powered by Oculus. It uses a 
Samsung Galaxy smartphone to view the VR-content on [22], 
instead of using an integrated display. It was first released in 2014 
and then in 2015 Samsung released an upgraded version of the Gear 
VR [2]. Like the Google Cardboard and Daydream View, the 
smartphone is the expensive device when using the Gear VR. This 
is due to the fact that the actual hardware used in the VR-
application is located in the smartphone. This also makes it possible 
for Samsung to sell the Gear VR at a lower price. When it was 
released it sold out in 48 hours on Amazon.com and BestBuy.com 
at a price of $99 a piece [2]. In February 2017 Samsung announced 
that they would launch a controller for their Gear VR headset. The 
controller is equipped with an accelerometer, gyroscope and 
magnetic sensors. The controller gives users the possibility to 
interact with VR content without using the Gear’s onboard controls 
[23]. 
HTC has, together with Valve, released a HMD called Vive. The 
Vive is a HMD that is plugged in to a computer where you view all 
the content on the computer. It also has two hand controls to make 
it possible for the user to interact with the help of their hands. The 
Vive also has sensors in the room that keeps track of where the 
headset and the hand controls are, giving the user an even more 
realistic experience [24]. 

2.2 Immersion 
Slater and Wilbur defines immersion like this: 

Immersion is a description of a technology, and describes 
the extent to which the computer displays are capable of 
delivering an inclusive, extensive, surrounding and vivid 
illusion of reality to the senses of a human participant. 
[25] 

Here they define four concepts within immersion; inclusive, 
extensive, surrounding and vivid. Inclusive refers to how much the 
physical reality is shut out. Extensive is the range of sensory 
modalities accommodated. Surrounding is how much the virtual 
reality is panoramic instead of limited to a narrow field. Vivid is the 
resolution, fidelity and variety of the simulation of a particular 

modality. Vividness is also about the resolution and quality of the 
display [25]. 
Immersion is based on two components. One is information about 
functionality such as resolution, quality, the efficiency of the audio 
visuals etc. The other component is information about the 
emotional experience, for example how many different senses are 
involved in one type of experience [9]. 
A system that uses immersion is called an immersive system. There 
are three types of immersive systems; non-immersive, semi-
immersive and fully immersive systems. An example of a non-
immersive system is a regular desktop with a screen and keyboard, 
which is not suitable for virtual reality systems. A semi-immersive 
system is between a fully immersive system and a non-immersive 
system, a good example is flight simulators. These kind of systems 
combine great performance software with stereoscopic vision, 
increased field of view, haptic feedback and other features that are 
connected to VR systems. All with the goal to give a more 
immersive experience. A fully immersive system is a system that 
gives the user an experience very close to reality. This is done 
through high performance and high quality graphics [26]. 
A study made on immersion in film showed that the more immersed 
a person is the more emotionally invested s/he is [27]. Since 
immersion is so important for the viewer to feel emotions it is 
obvious that immersion is something that need to be present in a 
VR experience. 

2.3 Presence 
Immersion is highly connected to the feeling of presence, the 
feeling of actually being in the virtual world. Making presence an 
equally important concept for a VR-experience. The idea is that if 
the user feels present in the VE the virtual world will feel as 
engaging as reality. The goal is to make the experience of the VE 
feel more like a place you visit rather than images seen [25]. 
Immersion is a technology-related aspect of VR while presence is 
a more psychological, perceptual and cognitive aspect. Which 
makes presence a consequence of immersion, one feel present when 
a system is immersive [28]. 
In a TED talk by journalist Nonny de la Peña she talks about how 
she has tested to simulate different news to get the viewer to feel 
participation in a certain event. She reproduced real scenarios in a 
virtual environment and then let people experience this with help 
of HMDs. In one of de la Peñas examples there is a scene from 
Syria where a little girl sings in the background when suddenly a 
bomb detonates. The reactions from the viewers were very strong. 
Many of them started to cry and they felt as they were actually 
there, even though they saw a world with 3D modeled people [29]. 

2.4 Music in Virtual Reality 
Portraying musical experiences in VR is not totally new, it is 
however not fully explored yet. There are examples of artists who 
have made music videos, published on YouTube, which are 
presented in VR. Examples of this are Björk with the song 
“Stonemilker” and Dawn Richaard with “Not Above That” [30]. In 
April 2016 YouTube had their first live concert in 360 degrees, 
which was also made with the artist Dawn Richard [31]. 

2.5 Audio 
It is of importance for the feeling of presence that the user feel like 
the audio comes from different parts of the virtual world. The audio 
should also change intensity when you move around in the world. 
This is called spatial audio and it gives the listener the illusion that 
the sound comes from a specific direction in 3D space. This illusion 
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helps to create virtual soundscapes that are immersive [32] which 
makes the user feel present. 
There have been studies on how you can make an object, in a virtual 
world, send out audio that reflects how it would sound in reality, 
like for example the purling sound of a river. Mathematically it has 
to emit sound from the whole surface to make it sound like the river 
stretches throughout the world. In reality spatial audio is just an 
illusion of the sound coming from different objects and directions 
within the world, but it doesn’t make it less important for the 
experience [32]. 
Another type of 3D sound is called binaural audio. Instead of 
creating the sounds within a virtual world, the audio is recorded 
using small microphones in the ear canals. This makes it possible 
to reproduce sound at the ears. If the head is still during most of the 
recording time the result can be very realistic [33]. 

3. METHOD 
I performed a user study to gather data for my research. There were 
a total of 23 participants divided into two groups. 19 of the 
participants were in the VR-group and they watched a VR-movie 
using an Oculus Rift. The other group was a control group who 
watched the VR-video on a flat screen. They had the possibility to 
move around in the video using the cursor of the mouse which is a 
non-immersive system. In this chapter I will describe each part of 
my method. 

3.1 360° Video 
The movie showed an organ concert performed at Adolf Fredriks 
Kyrka, a church in Stockholm. The image was recorded using a 
GoPro Omni that was standing on a tripod in one of the church 
benches. I used the GoPro Omni since that was the camera that 
could give me the highest image quality of the ones I had available. 
The stitching of the videos was done using Kolor Autopano and 
Adobe After Effects. Autopano is a program that stitch the videos 
automatically and After Effects was then used to refine the stitching 
lines to make them as invisible as possible. After Effects was also 
used to remove the tripod in the picture. The audio in the church 
was recorded using a Zoom H4n. 
The final version of the video was then imported to a computer 
running the Oculus Rift, to make the Rift find the video and play it 
within the headset. 

3.2 Pre-Study Questionnaire 
The pre-study questionnaire was a questionnaire containing some 
basic questions to establish an understanding about each 
participant. The questions were about the participant’s age, gender, 
occupation and also whether or not they had tried VR before. It also 
had questions establishing if the participants listen to a lot of music 
and how often they go to a concert. I made these questions myself 
and the purpose of this questionnaire was to get an overview over 
the participant’s background experience before they tried the 
Oculus Rift. 

3.3 Post-Study Questionnaire 
The participants answered this questionnaire right after they had 
watched the video. The post-study questionnaire contained 14 
elements, 8 questions and 6 statements. Each element had a scale 
going from 1 to 10 where the participants graded their answers. I 
searched for a questionnaire to use in my study and found that this 
questionnaire had been used in a numerous of studies before [34]. 
One of the reasons for why I picked this particular questionnaire 
was because it had a very wide array of questions. This made it 
possible to adjust the questionnaire for my specific purposes. To 
make it suitable for my study I picked out the 14 elements that I 

found to be most relevant. I also rewrote some of the questions to 
better fit my study.  

3.4 Interview questions 
After answering the post-study questionnaire the participants got to 
answer seven interview questions. These questions had the purpose 
of starting a discussion with the participant to get more useful input. 
The topic was mainly focused on the 360° video. It was questions 
about the image, sound, light and also the experience in general. 
The interview also ended with a question about what the participant 
missed in the experience. 

3.5 Target Group 
The target group for this study is people between approximately 18-
30 years old. This is because studies shows that younger people are 
more interested in trying new technology [35]. The group also fit 
in under the term “early adopters” which are often talked about 
when it comes to new technology. Early adopters are the ones who 
are willing to spend money on a new technology if they think it is 
interesting [36]. Since the target group is within early adopters they 
are believed to be more open-minded and curious to try new kinds 
of technology, even though they have not tried it before. 

4. RESULT 
In this chapter I will describe the results from my study. The control 
group had small number of participants compared to the VR-group. 
Despite that I have chosen to present the control groups answer in 
percent for the reading simplicity.  
Since this thesis is a pilot study the total number of participants are 
too small to get a statistically significant result. In future work on 
the topic of presence in VR, it would be suitable to have a higher 
number of participants for the results to be more accurate. 

4.1 Overview 
4.1.1 The VR-group 
There were 53% women and 47% men in the VR-group, and they 
were between the ages of 19-27 with most of the participants being 
24 years old, 32%. Of these 19 persons 47% were students and 53% 
were working. Most of the participants had tried some kind of VR-
application before this test. There were only 26.5% of the 
participants that had not tried VR at all before. 36.5% had tried VR 
once which still makes VR feel new and exciting. Only 10.5% had 
tried VR more than 10 times and thus they were used to VR-
applications. The VR-platform that most of the participants had 
tried was HTC Vive, 41%, followed by Google Cardboard at 27% 
(see Figure 3).  

 
Figure 3. The answers of the VR-group on the question 

“Which VR-platform have you tried?” 
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Only 9% had used an Oculus Rift before which made the platform 
relatively new for most of the participants in this study. 9% 
answered other which in this case was some kind of mobile VR or 
a really early version of a VR-platform. No one had tried 
Playstation VR before which could be because that platform is the 
newest of them all. Since it was released in October 2016 it had 
been on the market less than two months prior to the user tests. 
The majority of the participants, 79%, answered yes on the question 
“Do you often listen to music?” And the most common frequency 
of how often any one user went to a concert was once a year, 32%. 

4.1.2 The Control Group 
The control group consisted 100% of men in the age between 19-
26 with 50% being 19. Everyone in the group were students. Only 
one person, 25%, in this group had not tried VR before. The most 
common platforms were Oculus Rift and Google Cardboard which 
50% of the control group had tried. 75% of the control group 
answered that they listen to music a lot, but 75% also answered that 
they never attend concerts. 

4.2 Presence 
4.2.1 The VR-Group 
Overall, most of the participants in the VR-group felt present in the 
virtual environment when watching the 360° video. On the question 
“How real did the virtual world seem to you?” 52.5% answered 7 
on the 10 graded scale where 1 was “not real at all” and 10 was 
“completely real”, which is a majority of the participants. 16% 
answered 5 and 9 each, 5% answered 6 and 10.5% answered 10 (see 
Figure 4).  

 
Figure 4. The answers of the VR-group on the question “How 
real did the virtual world seem to you?” with 1 being “not real 

at all” and 10 being “completely real” 
On the statement “The virtual world seemed more realistic than the 
real world” 47.25% of the participants in the VR-group answered 
1, “fully disagree”, and no one answered 10, “fully agree”. 26.5% 
answered 2 and 10,5% answered 8. 5.25% of the participants 
answered 3, 4 and 5 each. 
The virtual world seemed real but not more realistic than the real 
world. This is because of the fact that the participants were aware 
of the real world surrounding them while watching the video. This 
can be viewed in the answers to the question “How aware were you 
of the real world surrounding you while watching the video (i.e. 
sounds, room temperature, other people etc.)?”. The answers were 
quite spread in the VR-group. 16% of the participants in the VR-
group answered 7 and 16% answered 8, on the scale where 1 was 
“not aware at all” and 10 was “extremely aware”. 16% of the 
participants in the VR-group also answered 2. Only 5% answered 
1, which meant that they were not at all aware of the real world 
surrounding them. While 10,5% answered 10, that they were 

completely aware of the real world. Some of the participants in the 
VR-group said during the test that the Oculus Rift headset did not 
completely shut out all the light and sounds from the room. That is 
a reason why some of the participants felt aware of the real world 
while some did not. 
On the question “How involved were you in the virtual 
environment experience?” most participants of the VR-group, 
47.5%, answered 8 on the scale where 1 was “not involved” and 10 
was “completely involved”. 5% answered 2 and the rest varied 
between 6-10.  
On the interview question “Did it feel like you sat in the church?” 
69% of the participants in the VR-group answered “yes”. No one 
answered no but 21% of the participants answered “partial” (see 
Figure 5).  

 
Figure 5. The answers of the VR-group on the interview 

question “Did it feel like you sat in the church?” 
10% answered “other” which in this case were things like that it felt 
more as being a spectator than a participant in the experience. One 
participant also said it felt like being invisible, because the people 
in the video did not act as if she was there. When she looked around 
they did not look at her, which is something she felt should have 
happened in reality. And some also said it felt a bit weird to look 
down and not see anything, it was as if they were floating in the air. 
In the VR-group there was a majority that felt present in the church. 
This is confirmed when looking at the answers to the statement “I 
felt present in the virtual space”. Here 42% of the participants in 
the VR-group answered 8 on the scale going from 1 to 10, where 1 
was “fully disagree” and 10 was “fully agree”. 21% of the 
participants answered 9 and 10.5% answered 10, “fully agree”. 
16% answered 7 and 5.25% each answered 4 and 5. Overall a 
positive experience which together with the answers of the question 
“Did it feel like you sat in the church?” shows that the experience 
made the participants feel present in the church, which was 
somewhat the goal of the experience. 

4.2.2 The Control Group 
In the control group 25% answered 8, 7, 5 and 3 on the question 
“How real did the virtual world seem to you?”. The control group 
has more of a spread across the scale than the VR-group which is 
more centered at the higher values. That indicates that the virtual 
world seems most real when using a HMD, compared to watching 
on a regular computer screen. Even though a lot of the participants 
felt that the virtual world seemed real, they did not feel that the 
virtual world was more realistic than the real world. On the 
statement “The virtual world seemed more realistic than the real 
world” 50% of the participants in the control group answered 1 and 
50% answered 2.  
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Like the VR-group, the control group had spreading answers on the 
question “How aware were you of the real world surrounding you 
while watching the video (i.e. sounds, room temperature, other 
people etc.)?”. 25% answered 2, 4, 7 and 9 each. Since the control 
group did not have the screen right in front of their eyes during the 
test, it is no surprise that they felt completely aware of the real 
world surrounding them. 
On the question “How involved were you in the virtual 
environment experience?” 50% of the participants in the control 
group answered 7 and 25% answered 4 and 5 each. 
None of the participants in the control group felt like they sat in the 
church. One participant said he could feel present with willpower 
but it was just really a flat screen. Another one also said that the 
experience was more immersive than a regular video but it was not 
enough to feel present in the experience. 
In the control group 50% of the participants answered 3 on the 
statement “I felt present in the virtual space”, 25% answered 4 and 
25% answered 6. They did not watch the video in a HMD which 
might be a reason to their reduced feeling of presence. 

4.3 Audio 
4.3.1 The VR-group 
The question “How much did the auditory aspects of the 
environment involve you?” had spreading answers. 26.5% of the 
participants in the VR-group answered 10, “completely”, tightly 
followed by 21% each on 8 and 9. The rest answered variously 
between 3-7 and no one answered 1 or 2. This shows that the 
experience in itself was good which made most of the participants 
feel that the audio was good as well. Even though it was a stereo 
mix and not spatial or binaural audio. If the general experience is 
good enough the user will not pay attention to specific things about 
the audio.  
The answers of the interview question “How did you experience 
the sound?” also shows that the participants experienced the sound 
as good. 43% of the participants in the VR-group answered “good”. 
24% of the participants felt that the sound was flat or that it was 
played from speakers rather than from the music organ in the 
church. 9.5% of the participants in the VR-group said that there was 
no bass in the audio, which they missed. They said that they could 
not feel the music in their bodies as one can do when attending a 
concert. 14% also said that they could not localize where the sound 
came from and that it was hard to hear the people that were closest 
in the video (see Figure 6).  

 
Figure 6. The answers of the VR-group to the question “How 

did you experience the sound?” 
In the 9.5% that answered “other” there was one person who 
commented that stereo sound is an old thing, but still very effective 

in combination with the feeling of being present in the virtual room. 
Something that shows that the auditory aspect of the experience is 
good enough when using stereo sound, but it could be even better 
if the audio had been spatial or binaural. 
The answers of the question “How well could you localize sound?” 
had a spread over the whole scale. The scale went from 1-10 where 
1 is “not at all” and 10 is “completely”. Most participants in the 
VR-group, 26.5%, answered 8 followed by 16% who answered 7. 
Some of the participants could not localize sound at all and 
answered 1 or 2 and then it was evenly spread between 3-6. And 
10.5% answered 10, that they could localize sound well (see Figure 
7).  

 
Figure 7. The answers of the VR-group on the question “How 
well could you localize sound?” with 1 being “not at all” and 

10 being “completely” 
One of the participants in the VR-group that answered that it was 
hard to localize sound on the question “How did you experience the 
sound?” still answered 7 on the question “How well could you 
localize sound?” Only one of the participants answering 1 or 2 said 
that it was hard to localize sound during the interview. That is a bit 
unexpected but it could be because of the whole audio experience 
being good overall. The participants felt that they could localize the 
sound to some extent. For example they could hear that the organ 
was behind them, but they could not hear if some of the other 
visitors were moving or doing something that made sounds. In the 
VR-group one participant said that it might have been placebo 
which made him feel it was possible to localize sound. Which of 
course can be a cause to why some participants really felt that they 
could localize sound in the experience, even though it might not 
have been possible. But the audio in combination with the 360° 
video could have given an illusion of the possibility to localize 
sound.  

4.3.2 The Control Group 
The control group were also positive to the auditory aspects of the 
experience. 50% of the participants in the control group answered 
7 and 25% answered 10 and 6 each on the question “How much did 
the auditory aspects of the environment involve you?”. 
On the question “How did you experience the sound?” 75% of the 
participants in the control group said that the sound was good. 25% 
said that it was okay but that one could hear the music well. 
Comments from the control group were that the acoustics felt like 
it was in a church and the music was good to help one relax in the 
experience. 
In the control group the participants felt that they could not localize 
sound well 25% answered 1, 2 and 3 each on the question “How 
well could you localize sound?”. Only 25% answered 7, that they 
could localize sound quite well in the experience. As mentioned for 
the VR-group, the audio in combination with 360° video could have 
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affected that the VR-group felt that they could localize sound. This 
might also be why the control group felt that they could not localize 
sound well since they did not have the video surrounding them. 

4.4 Image 
4.4.1 The VR-group 
The image quality was what most of the participants had comments 
on. The answers of the VR-group on the interview question “How 
did you experience the image?” shows that the image quality was 
not very good. 75% of the participants said that the image was 
pixelated or blurry (see Figure 8).  

 
Figure 8. The answers of the VR-group on the question “How 

did you experience the image?” 
They felt that it was hard to see objects that were far away because 
the sharpness did not adjust in the image, as the eye would have 
done with a scene in reality. 10% answered that the image was good 
and 10% answered that they could see some of the stitching points, 
which distracted them a bit. The 5% that answered “other” 
commented that the image was representative of the experience. 
Many of the participants used glasses and some of them, about 
26%, could not have them on during the test due to the sidepieces 
being too large. The participants that watched without glasses 
commented that the image was blurry but that it might be because 
of them not wearing their glasses. So the result of this question 
might have been affected by the fact that some participants could 
not wear their glasses and therefore the image felt blurry. Other 
comments were that it was hard to see details in for example the 
ceiling of the church, something one would have seen in reality. 
Even though the image quality was something that distracted many 
of the participants. It did not distract them from feeling present in 
the experience. On the question “How much did the visual display 
quality interfere or distract you from feeling present?” 32% of the 
participants in the VR-group answered 3 (see Figure 9). The scale 
was from 1 to 10 where 1 was “not at all” and 10 was “prevented 
the feeling of presence”. 

 
Figure 9. The answers of the VR-group on the question “How 
much did the visual display quality interfere or distract you 
from feeling present?” with 1 being “not at all” and 10 being 

“prevented the feeling of presence” 
16% of the participants in the VR-group answered 4 and 5 each. 
Only 5% of the participants answered 10, that the image quality 
distracted them from feeling present. 5% answered 9 and 10.5% 
answered 7 and 8 each. So even if many of the participants in the 
VR-group commented on the fact that the image quality was not 
that good, it was still nothing that distracted them too much from 
the feeling of presence. They could still feel present even though 
the image had some flaws like blurriness and that they could see 
the pixels within the image. 
On the statement “I felt like I was just perceiving pictures” 48% of 
the participants in the VR-group answered 1, “fully disagree”. 21% 
answered 2 and 3 each. 5% answered 6 and 5% answered 7. For 
most of the participants the 360° video felt as a video rather than 
just still images. However some of the participants commented that 
the people in the movie were very still and that it sometimes felt 
too still. This could be due to the virtual environment itself, in this 
case a church where people had come to listen to organ music. In 
this situation it is natural to sit still and just listen. But for a person 
experiencing this in VR it becomes too still. Which makes it feel a 
bit unreal instead. 

4.4.2 The Control Group 
Everyone in the control group said that the image had poor quality 
but it was still acceptable. One participant commented that the 
quality was good for a 360° video because it was not worse than 
any other 360° video that the participant had watched before. 
Another comment was also that the image did not feel realistic. 
In the control group, 50% of the participants answered 7 on the 
question “How much did the visual display quality interfere or 
distract you from feeling present?” 25% answered 6 and 25% 
answered 8. So the control group felt that the image quality was 
something that distracted them from being present in the 
experience, more than for the participants in the VR-group. 
On the statement “I felt like I was just perceiving pictures” 50% of 
the participants in the control group answered 5 and 25% answered 
6 and 3 each. As for the VR-group it could be because of the chosen 
environment that in itself were very still. It can thus be interpreted 
as still images rather than moving images. 

4.5 Things Missing in the Experience 
4.5.1 The VR-group 
On the question “Was there anything you missed in the 
experience?” 33% of the participants in the VR-group answered 
that they would have liked to move sideways, up and down, forward 
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and backwards and to have the possibility to walk around in the 
world (see Figure 10). This question was a free text question where 
I have interpreted and grouped the answers to get a statistical 
representation. 

 
Figure 10. The answers of the VR-group to the question “Was 

there anything you missed in the experience?” 
17% also said that they would have liked to see themselves, or some 
kind of avatar when they were looking down. Since they saw the 
bench or the floor some of them felt as if they were floating rather 
than sitting on the bench. 8.5% of the participants missed the smell 
of the experience. They said that a church has a certain smell and 
that was something that they did not feel in the virtual experience. 
There were also 12.5% of the participants who would have liked 
better quality on the image and 12.5% wanted to have spatial audio 
to really feel present. 
To be able to move around in the virtual environment was 
something that many participants understood was not possible 
today, but it was still something they would have liked to be able 
to do. That is one of the differences between a computer modeled 
world and a 360° video. The participants also commented on the 
fact that there was a man in the video sitting a few benches in front 
of the camera, whose head was right in front of the altar in the 
church. Which of course led to many of the participants wanting to 
move sideways to be able to see the altar, something that was not 
possible in the video. 

4.5.2 The Control Group 
The control group also missed the function of moving sideways in 
the video. Apart from that they would have wanted to watch the 
video in VR instead of on a computer screen. One person in the 
control group also said that there was a lack of events to focus on 
in the video. There was a woman entering the church during the 
video which made the participant interested and involved in that 
event. So there should have been more things happening during the 
video.  

4.6 Overall Experience 
4.6.1 The VR-group 
One of the interview questions were “How did you experience the 
light?” and in the VR-group 37% answered that the light felt real 
and that it felt like light in a church. 32% of the participants in the 
VR-group answered that they did not think about the light at all, 
with some commenting that it might have been because of the light 
being good and real. 16% answered that the light was good and 5% 
answered that the light was as expected. 10% answered “other” for 
example claiming that they did not have a shadow in the 
experience, something they thought they would have had in reality. 
One participant also said that it was too dark for a church with 

windows. So if the church would not have had windows it would 
have felt like a more realistic light. But overall the light was 
something that most of the participants did not notice or did not pay 
that much attention to. They simply concluded that it had to be 
because the lighting in the church felt realistic.  
In general the participants in the VR-group felt that the virtual 
experience was “cool”, “special” and “fun”, 48%, and they also felt 
that the experience was real, 33%. 9.5% of the participants felt that 
the experience was a bit boring and that it did not happen so much 
in the experience (see Figure 11). 

 
Figure 11. The answers of the VR-group on the question 

“How was the experience in general?” 
In the 9.5% that answered “other” were comments about that the 
image quality did not feel real. And one participant was surprised 
of how good the Oculus Rift could track head movements. Another 
comment was that it was a good way to experience the concert if 
you could not be present at the church, and that it could be of value 
for disabled persons. It gives them a possibility to visit places and 
attractions that they might not be able to do in reality, if they for 
example are in a wheelchair. The reason for many of the 
participants feeling that the experience was cool and special, could 
be because of the fact that most of the participants in the VR-group 
had only tried VR once or not at all. Which makes the experience 
exciting because VR itself is a new thing that is exciting. 

4.6.2 The Control Group 
The control group felt that the light was realistic and as it would be 
in a church. One participant said that it was different from the light 
one usually see in movies because it is more staged in movies, but 
it felt like a church. 
As the VR-group the control group also felt that the experience in 
general was interesting. 75% said that it was interesting and 25% 
said that it was a flat screen which made it hard to see what was 
what in the image. There were also comments about the video being 
a bit boring because it was a bit eventless. One of the participants 
thought that the perspectives were going to be weird but they were 
not, and he felt like the whole world moved when he moved the 
cursor. 
Both groups had an overall good experience even though there were 
some defects that needed to work better. 

5. DISCUSSION 
5.1 Overall Experience 
What struck me the most was that in some sense both the VR-group 
and the control group had quite similar experiences. Despite the fact 
that it was a difference in how they viewed the content. Some things 
did of course differ, for example the control group watched the 
video on a flat screen and did not have as much of a feeling of 
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presence as the VR-group. But both groups felt that the experience 
was interesting and fun to watch, something that was not obvious 
beforehand.  

5.2 Image Quality 
The major thing that was commented in this study was the image 
quality of the video. There were a lot of the participants that felt it 
was poor quality and they said that they could even see the pixels 
when watching in the Oculus Rift. An interesting thing though is 
that the image quality was not something that bothered everyone. 
Almost everyone noticed that the image quality wasn’t good 
enough but not everyone thought it was a huge distraction. That is 
of course interesting because it shows that for some people, the 
image quality is decisive for how they perceive the whole 
experience. But some will just accept that it is poor quality but still 
have a very good, and real, experience. One of the reasons why the 
image quality was not a deal-breaker for some is because they felt 
that the other things in the experience were good, and therefore did 
not pay that much attention to the image quality. They might have 
been swept away in the experience and in the feeling of presence, 
and forgot that the image was just an image and that it was not 
perfect.  
Another reason to why the image quality was not a deal breaker 
might be that the expectations of the image quality for a 360° video 
was not that high. 360° videos today does not have the same image 
quality as a regular video since the technology is still in the early 
states of development. If one look back in video-history the quality 
of movies in the 1980’s were not as good as the image quality of 
movies today. Still, the resolution and quality of movies in the 
1980’s were good at that time and people accepted it then. But if a 
movie today used the same quality and resolution as in the 80’s it 
would be unacceptable because we have a higher standard today. 
The future of 360° video might follow the same pattern, as the 
quality improves the threshold will rise for what a user accepts. 

5.3 Audio 
The audio is something that divides some of the participants. Even 
though everyone got to listen to the same audio, a stereo mix of the 
music in the church, some felt it as if the audio surrounded them in 
360 degrees as well. Some said that they could localize sound very 
well while some said they couldn’t localize sound at all. One of the 
participants even commented that it might have been placebo that 
he thought he could hear where the sound came from, just because 
the image was in 360 degrees. So how the image was represented 
could have influenced how the participants experienced the audio 
in the video.  
I did not work that much on the audio in this project and that is of 
course something that could have been improved. I used a regular 
stereo mix of a recording from the church but it would have been 
interesting to work more with spatial or binaural audio to see if that 
would have affected the feeling of presence. 

5.4 Presence 
Even though a lot of the participants missed the opportunity to 
move around more in the image, most of them felt present in the 
experience. This shows that it does not really have to be a perfect 
recreation of reality, to make people feel as if they are inside the 
virtual reality. Even the control group felt a bit present in the virtual 
world, despite the fact that they did not wear a HMD when 
watching the video.  

5.5 Method Critics 
There are always things that could have been done better in a study 
when reviewing it afterwards. For this study I felt that the video and 

the questionnaire were the two major things which could have used 
some improvements to get a more involving experience. 

5.5.1 The Video 
The 360° video has a partially boring content since nothing really 
happens. It is just a church with music and the visitors in the church 
are very still. I should maybe have used another kind of concert to 
get the users even more involved in the experience.  
Another thing was the image quality. I tried different rendering 
settings to see what would work best for the Oculus Rift so that the 
video would play without buffering too much. In hindsight I could 
have had higher image quality when rendering the video which 
probably would have resulted in less comments about the image 
quality. 
Also the audio is something I could have done better. I chose to 
focus on the video and the image and therefore the audio became a 
stereo mix recorded at the church. If I had had more time I could 
have worked more to get something like spatial audio or something 
that felt more 3D than what the audio felt in this study. 

5.5.2 Post-Study Questionnaire 
The post-study questionnaire was originally made in English but 
since a lot of my participants spoke Swedish, I decided to have a 
Swedish version as well. However I realized during the tests that 
some of the questions might not have been translated correctly or 
understandable. Even though I translated the questions and then let 
a few other people (not any of the participants) read through my 
translation to see if it was correct, I still got some questions during 
the tests to clarify some parts of the questionnaire. I therefore 
believe that some answers might not be correct just because the 
participant might not have understood it the way it was intended. 
The questions in the questionnaire also had room for 
misinterpretation and individualization. What does “involved” 
really mean? That is something that could be interpreted different 
between the participants. So some of the questions could have been 
made clearer so that the participants would have understood them 
better. 
Another part is the scale used. Using an arbitrary scale is always 
difficult since the way people interpret it differs. In this case 10 was 
the highest and some of the participants might have felt the same 
thing on one question, but they could have graded it differently. 
One could have graded it 10 and the other one 8.  

6. CONCLUSION 
The conclusion drawn from this study is that it is not many factors 
that are needed for a user to feel present in a virtual experience. If 
one has a HMD to watch a video in one can come a long way to 
achieve the feeling of presence, even though the quality of the video 
is not top notch. Users are very tolerant to poor image quality if the 
majority of the experience is good. But the experience can of course 
be even better with better image quality and better audio. 
To go back to my research question, “What factors are of 
importance when portraying a musical experience using 360° 
video, in order for a user to feel present in a virtual world?” I 
believe that this study could in some sense answer that question. 
The most important factor is the level of immersion in the system. 
When watching a 360° video the user will feel more present the 
more immersive the system is. The threshold for what a user is 
willing to accept when it comes to image quality or audio is lower 
when a system is fully immersive. The VR-group in this study was 
more tolerant against bad quality than the control group and the 
difference between these groups were the level of immersion. The 
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feeling of presence is therefore highly connected to the level of 
immersion in the system. 
Two other important factors are the image and the audio. Even 
though the level of immersion affects what a user is willing to 
accept when it comes to image quality and audio, it is nothing that 
should be left out. The image needs to be in high quality otherwise 
it might be too disturbing and distract the user from feeling present. 
Poor image quality will distract the feeling of presence which will 
make the user feel as if it is just a virtual, rather than real, 
experience. When it comes to a musical experience the audio is of 
importance as well, and it is not good enough with a high quality 
stereo mix of the music. Since the image surrounds the user in 360 
degrees, one will have higher demands on the audio coming from 
specific directions. 
Whit these three factors in mind one can create a virtual experience 
using 360° video and get a result where the user feels present in the 
virtual world. 

7. FUTURE WORK 
It would of course be interesting to investigate this filed of 
application even further in the future. One example is interaction in 
360° video. It is something that is technically impossible to do 
today since the technology is not developed for interactivity in 
video. However one can research about interactivity in the form of 
the user being able to make choices in a VR-experience. For 
example like YouTube but in VR, the user has the possibility to 
choose between different videos and switch videos etc. Just to see 
if it is something that can make the experience feel even more 
realistic. Unfortunately it is not possible to move around within a 
360° video yet and it might not even be possible in the future. But 
if it would be possible it would be interesting to make a comparison 
between 360° video and computer generated VR.  With the purpose 
to see if it gets more or less immersive with realistic footage 
compared to 3D-footage.  
Another interesting development for this project is to investigate 
the image quality even further. To get an understanding of where 
the limit of image quality goes, how bad of a quality are users 
willing to accept in a VR experience?  
The audio is something that has not been focused on in this study 
but it is definitely something that could be investigated further. It 
would be interesting to work more with spatial or binaural audio to 
get an even deeper feeling of presence in the experience.  
This study shows it is possible to create a VR-experience using 
360° video, that is fully immersive and that makes the user feel 
present in the virtual world. It would then be a possible field of 
application to develop this further to be used by disabled persons. 
It opens up new possibilities for a person in a wheelchair to be able 
to experience things that might not be possible otherwise. It could 
also be useful for people who are ill in some ways and thus might 
not have the power to do a lot of things. With VR they have the 
possibility to experience a bunch of things but still stay in bed.  
There are almost endless possibilities with VR and I believe that in 
the future, we will only find more and more fields of applications 
for this kind of technology. 
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