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ABSTRACT

With the recent rise of virtual reality (VR) and head-mounted displays (HMDs), an increasing
number of developers have started developing for this relatively new way of displaying content to
the user. It is common to experience severe discomfort and symptoms much like Motion Sickness
(MS) when using input methods that control the player’s position in the virtual world. Theatre
mode (TM) uses a virtual display in a virtual room which helps the user to lessen the symptoms
of MS. However, TM lowers the user experience since it is no longer as immersive. The main
components of user experience looked upon in this study are flow and immersion. Understanding
how this way of displaying content to the user can be enhanced to allow for higher immersion yet
keeping its beneficial traits is essential.

The objective of this study is to evaluate if additions added to theatre mode (which will be
referred to as Enhanced Theatre Mode (ETM)) can enhance the user experience (according to the
Game Experience Questionnaire and biometric data) yet keeping its ability to have a low level of
discomfort. Confirming this theory would allow developers to use classic game design since the
use of input methods such as mouse and keyboard or a gamepad can be utilised. This study only
uses consumer grade hardware to give a fair representation of what developers can expect if they
were to use this technique for their product. This study was conducted at the Blekinge Institute of
Technology (BTH).

To be able to evaluate the two visualisation modes (TM and ETM) a VR game application
prototype was implemented using the Unity game engine. An experiment was conducted which
involved participants to play the application first using one of the modes and in another session
play the application using the other. User experience and simulation sickness were measured
using both qualitative (questionnaires) and quantitative (Galvanic skin response (GSR) and heart
rate (HR)) methods.

The results from the experiment regarding answers from questionnaires and biometric data
(GSR and HR) are presented. Statistical analysis tests were performed on both answers from
questionnaires and biometric data to establish if there are any statistical significant differences
between the modes. The results of the tests show that there is statistical significance in one
subcategory of the game experience questionnaire, though no statistical in the other three
subcategories can be found. This difference suggests that ETM lowers the experience in this
specific category. Statistical significance also exists in on of the three subcategories of the
simulation sickness questionnaire which shows a lower value for the version using ETM. There
can also be seen a clear trend across all simulation sickness scores that participants experienced
a lower level of simulation sickness using ETM. However, when looking at the results from the
simulation sickness questionnaire and game experience questionnaire as a whole, no statical
significance can be found. The participants’ answers regarding age, gender, gaming habits, and
virtual reality are presented. Also, participants’ opinions relating to the difference between the
modes are given.

In this study, it is concluded that ETM does not increase the user experience. When it comes to
simulation sickness, it is also concluded that there is no increase in the symptoms of simulation
sickness compared to TM. There is, however, a trend where the ETM seem to lower the average
simulation sickness symptoms.

Keywords: Virtual Reality, Simulation Sickness, Theatre Mode, User Experience
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SAMMANFATTNING

Virtual reality och dess headsets senaste tillväxt på marknaden, har bidragit till att allt fler företag
har börjat att utveckla allt mer för detta relativt nya sätt att visa material för användaren. Det
är vanligt att uppleva allvarliga obehagssymptom som påminner om åksjuka vid använding av
virtual reality headsets. Det är i första hand vi använding av olika sätt att röra den virtuella
karaktären i spelet såsom en handkontroll eller tangentbord och mus som symptomen framträder.
Theatre mode använder sig av en virtuell skärm i ett virtuell rum vilket hjälper användaren genom
att minska åksjukesymptomen. Dock så sänker theatre mode användraupplevelsen då det inte
längre är lika inlevelsefullt. Att förstå hur detta sätt att visa innehåll för användaren kan förbättras
för att öka användarupplevelsen samtidigt som dess fördelaktiga egenskaper består är essentiellt.

Målet med denna studie är att utvärdera om tillägg till theatre mode kan öka användarupplevelsen
samtidigt som åksjukesymptomen hålls nere. Att bekräfta denna teori skulle tillåta utvecklare att
nyttja traditionell speldesign eftersom användandet av handkontroll eller mus och tangentbord är
möjligt. Denna studie använder sig endast av konsumentanpassade produkter för att ge utvecklare
en rättvis representation av vad de kan förvänta att konsumenter skulle uppleva vid användning
av denna teknik. Denna studie utfördes vid Blekinge Tekniska Högskola (BTH).

För att utvärdera de två visualiseringsteknikerna utvecklades en spelapplikation i virtual reality
med hjälp av spelmotorn Unity. Ett experiment genomfördes som innefattade att deltagare
spelade igenom applikationen med en teknik och sedan vid ett annat tillfälle med den andra. An-
vändarupplevelse och simuleringssjuka mättes både genom kvalitativa (formulär) och kvantitativa
(Hudkonduktivitet samt puls) metoder.

Resultaten från experimentet gällande insamlad data från formulär samt biometrisk data (hudkon-
duktivitet och puls) presenteras. Statistisk analys genomfördes på både svaren från formulären
samt den biometriska datan för att fastställa om det finns en statistisk signifikans mellan de två
versionerna. Resultaten från den statistiska analysen visar att det finns en statistisk signifikant skill-
nad mellan de olika versionerna i en av underkategorierna till formuläret för simuleringssjukan.
Den visar att den nya tekniken som denna studie presenterar sänker simuleringssjukan i det
specifika avseendet. Samtidigt sänker även denna nya teknik användarupplevelsen i en av
underkategorierna för formuläret för att mäta användarupplevelsen. När testerna kördes på de
totala resultaten från formulären så fanns dock ingen signifikans. Deltagarnas svar gällande ålder,
kön, spelvanor och virtual reality presenteras. Även deltagarnas åsikt gällande skillnader mellan
de två teknikerna ges.

I denna studie fastslås det att tilläggen i detta arbete till theatremode inte ökar användarupplevelsen.
När det kommer till simuleringssjuka fastslås det även här att det inte finns någon ökning i
jämförelse med applikationen utan tillägg. Där finns dock en trend som pekar på att tilläggen
sänker simuleringssjukan.
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NOMENCLATURE

Acronyms
ETM Enhanced Theatre Mode
GEQ Game Experience Questionnaire
GSR Galvanic Skin Response
HMD Head Mounted Display
HR Heart Rate
MS Motion Sickness
SS Simulation Sickness
SSQ Simulation Sickness Questionnaire
TM Theatre Mode
UX User Experience
VR Virtual Reality
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1 INTRODUCTION

This first chapter offers an introduction to the topic and presents the scope of this work. Section
1.1 focuses on the research gap and the motivation behind this study. Section 1.2 explains the
background of the issue in question. In section 1.3 the objectives of this study is defined and
what tasks are to be completed throughout this study. In Section 1.4 the delimitations of the study
are clearly explained and the reasoning behind this. In the last part 1.5 the research questions
which this study is to answer are presented.

1.1 Introduction
Virtual Reality (VR) is a technology which has grown tremendously in the last couple of years
[1]. This is mainly due to the increased affordability and quality of Head Mounted Displays
(HMDs), making them more appropriate for consumers. These consumer appropriate HMDs
(e.g., Oculus Rift [2] and HTC Vive [3]) are well suited for use in games, movies and simulations.
While consumer ready HMDs are still at an early age, an increasing number of companies start to
develop content for VR, and large corporations such as Google, Facebook, Samsung, and many
more have invested heavily in the technology.

A significant advantage of VR lies in its ability to create a highly immersive simulation [4].
Immersion plays an extensive role in the User Experience (UX) of digital games, and especially
in the genres of first-person shooters, action-adventure, and role playing games [5]. Immersion
in games is often defined as when the game is perceived as ’real’ in the sense where the player
experiences a sensation of being located in the game world.

A major problem with VR lies in the fact that users commonly report adverse physical reactions
including headaches, nausea, dizziness, and eye strain when using them. Collectively, these
symptoms represent a condition termed Simulation Sickness (SS) [6], which reportedly affects
up to 80 percent of HMD users [7]. Repeated exposure to VR in HMDs has however shown that
the severity and the occurrence decrease for the majority of users [8], however, some users are
reporting the presence of SS and severity increases with repeated exposure. The problem of SS
has been apparent since the introduction of different simulations (e.g. pilot training simulations).
Although the issue has become more apparent to the everyday consumer since the availability
of HMDs has increased rapidly. Many users are unable to use HMDs since the symptoms are
affecting them heavily, or are abstaining from obtaining one for fear of being easily affected.
These symptoms are a problem for the companies behind the products since it slows down the
adoption rate of this new technology.

Theatre Mode (TM) is a technique in VR where the user is put in a virtual room with a screen in
front of them. This method is being used to let the user show the computer screen in VR, to
watch movies, play games and so forth. There exist many applications which let the user do this
e.g. Virtual Desktop [9] and Big Screen [10]. TM gives many advantages compared to traditional
VR in games, where the user is put in the game world and often sees through the eyes of the
main character. Some benefits include reduced risk of SS, possibility to use traditional game
design, and a more comfortable playing position as other input methods than physical movement
can be used. SS results from the visual stimuli of self-motion [11], with TM visual stimuli of
sitting still is experienced, for example on a couch. Therefore there is no sense of self-motion,
and no symptoms of SS should be present. However TM reduces the UX compared to standard
VR since the user is no longer "inside" the game world, it is not possible to look around in the
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game using head movement, or interact with objects in the same immersive way since the world
appears on a flat display.

Stereoscopic 3D has been around for a long time and was first invented by Sir Charles Wheatstone
in 1838 [12]. Stereoscopic viewing is today mostly used in the cinemas to increase the audience
experience (e.g. IMAX 3D [13]) but there is also a range of consumer peripherals to view 3D in
the comfort of your home (e.g. Nvidia 3D vision [14]). Using stereoscopic 3D in interactive
games have shown to increase the overall experience [15]. With the use of HMDs stereoscopic
3D is easy to achieve since each eye has its own viewport, so there is no need for any other
peripheral.

With this work, TM is further developed, and additional elements are added to increase the UX.
To test if the UX increases, a user study is conducted. The user study will also evaluate if the
additions raise the level of SS.

1.2 Background
Today there is no universal solution on how to solve the problem of SS, and many solutions are
very limiting regarding how they can be used. Teleporting, for example, is a technique where the
user often uses a controller and point to where he/she wishes to go and is then instantly teleported
to this point. This technique is very hard to incorporate in multiplayer games if for example, the
user is to shoot each other since everyone would be appearing and disappearing all the time. The
largest problem of today and the leading cause of SS is virtual locomotion. Virtual locomotion is
when the character in the game is moved around and thereby your perspective. Vection (illusion
of self-motion) is then often experienced by the user, and the conflict between the vestibular and
the visual stimuli leads to in many cases the sensation of SS. TM solves the problem of virtual
locomotion since you have static objects around you which help prevent vection and thereby SS.

1.3 Objectives
At the time developers are heavily limited when developing games for VR since it requires them to
design the game in a way where no simulation sickness is present. This limitation requires game
design to for example have no other movement than real physical movement or use teleportation
to move around in the virtual world. This obstacle limits the types of games which are available
for VR since specific solutions for making a game VR compatible are needed. By using TM,
you allow all games to be played in VR but to the loss of immersion and UX. This work aims to
contribute to a way which developers can use to broaden the VR game library without neglecting
the UX. This contribution will be made by further developing TM which allows for classic game
design and input methods.

The following tasks are introduced as objectives to be fulfilled within this study.

1. Analyse the current state of TM and how it is being used in games.
2. Analyse current SS prevention techniques in VR games.
3. Research how UX can be measured.
4. Design and implement an application in Unity [16] which presents a common game

scenario using TM and the improved TM version. The visualisation techniques should be
dynamically interchangeable.

5. Design the experiment.
6. Conduct a pilot study to evaluate the experiment and application.
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7. Conduct the user study in a controlled environment. Quantitative data in form of Heart
Rate (HR) and Galvanic Skin Response (GSR) as well as qualitative data in form of
questionnaires will be collected.

8. Apply statistical significance tests on gathered data to determine if there is any statistical
significant difference regarding UX and SS.

1.3.1 Additions
Three additions were added to the standard TM mode. These additions, when added to TM, will
be referred to as Enhanced Theatre Mode (ETM). The additions are listed below.

1. Real 3D - There exist applications which let you view some games in stereoscopic 3D in
TM [17], but a three-dimensional version of this where you can look around objects in the
game by moving your head could increase the immersion. Therefore this was added and
will be referred to as real 3D in this report.

2. Exaggerated head movement - To increase the effect of real 3D the players head movement
was exaggerated which should result in a more 3D feel of the environment. This exaggerated
head movement is done by moving the virtual room in the game world space, meaning that
head movement is still 1:1 to real head displacement in the virtual room while you get an
exaggerated displacement in the game’s space.

3. Pop out objects - Another element which was added is game objects continuing through
the screen and into the virtual room, so for example objects being blown away can fly
into the room. Creating this bridge between the game and the player should increase the
immersion. This element will be referred to as pop out objects.

1.4 Delimitations
Only consumer grade HMDs was used in this study since it gives a more comparable result of
what the users would experience using the same techniques. An Oculus Rift (Development Kit
2) was utilised for the user study. The only SS which will be addressed in this work is the one
caused by user displacement.

In the user study the participants could not steer, the camera was travelling on a fixed course. This
is to make sure all the test subjects get a comparable experience. HR as well as GSR paired with
a questionnaire inspired by the game experience questionnaire [5] was chosen to measure UX.

In the game experience questionnaire, the UX is being defined with seven different components.
However, the competence, imaginative immersion, and challenge modules have been excluded as
they do not fill a purpose in this study. This decision was made since our additions should not
affect any of the excluded modules and thus do not need to be measured.

1.5 Research Question
RQ1: Will real 3D with exaggerated head movement and pop out objects increase the UX,
according to selected questions from the GEQ [5] as well as measured GSR and HR, in a game
application compared to regular TM?

RQ2: Will the additions of real 3Dwith exaggerated head movement and pop out objects increase
the level of SS in a game application compared to regular TM?
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2 THEORETICAL FRAMEWORK

In this chapter the current and historical research of VR, Motion Sickness (MS), SS, and UX is
gone through. In section 2.1 the history of VR is explained and its rise on the market. Here the
current research in the area is touched as well. Section 2.2 goes through the current research
of TM and solutions available on the market. In section 2.3 different prevention techniques are
looked at, some already in complete products and others proposed in research papers. MS and
its origin is explained in section 2.4 and theories of its occurrence. Section 2.5 touches on the
subject of SS, its origin and also individual aspects which may affect susceptibility. Section 2.6
explains one of the most common and acknowledged methods for quantifying SS symptoms.
In Section 2.8 UX is looked at and a couple of ways to measure this. In the last Section 2.9,
different works evaluating GSR and HR as a method to measure UX and SS are presented.

2.1 Virtual Reality
VR commonly refers to computer technologies which use software to create an artificial
environment and presents it to the user in such a way where the user perceives it as real. VR is
most commonly experienced through the senses sight and sound. Touch is also fairly common
through haptic feedback (typically through vibrations in a controller). Some technologies even let
the user experience other senses such as smell (e.g. Feel Real [18]). A user of VR can typically
look around in the artificial environment, move around in it and often interact with objects. Most
current VR experiences are displayed either on a computer monitor, a projector screen or with a
HMD).

The first references to the concept of VR arose in the early 1930’s from science fiction. In
1993 American science fiction writer Stanley G. Weinbaum wrote his short story "Pygmalion’s
Spectacles" where a pair of goggles are described that enabled "a movie that gives one sight and
sound [...] taste, smell, and touch. [...] You are in the story, you speak to the shadows (characters)
and they reply, and instead of being on a screen, the story is all about you, and you are in it" [19].

Many attempts to create goggles like these have been made, and some successfully created
devices that let you experience VR. These devices were not cheap and often only developed for
research teams. Some attempts to create commercialised products have also been made, e.g.
Sega VR [20] and Nintendo’s Virtual Boy [21]. All attempts to commercialise VR headsets failed
up until 2010 where Luckey, designed the first prototype of the Oculus Rift. Luckey later went
on to found Oculus VR. Oculus Rift got a lot of attention when released due to its wide field of
view and low latency, and opened up many eyes for consumer appropriate VR. Today there exist
many different HMDs where the most popular ones include Oculus Rift CV1 [2], HTC Vive [3],
and Samsung Gear VR [22]. VR is most commonly used in areas like education (e.g. [23], [24],
[25], [26], [27]), therapy (e.g. [28], [29], [30], [31], [32]) and entertainment (e.g. [33], [34]).

In a recent survey by sketchfab [9] where 1000 sketchfab users were asked: "What is your
favourite use for your virtual reality headset?" 61% answered "exploring environments", and
57% answered gaming, on a 3rd place came "content creation on 42%. In the same survey when
asked: "Which industry vertical do you think will be most impacted by virtual reality in the
next five years?" the top answer with 54.4% were "gaming". It is also evident that most of the
content developed for the Vive and Rift are games. Hence gaming is one of the largest usages of
consumer grade VR.

One of the reasons for why VR is so applicable for gaming is because of its ability to visualise
such a highly immersive environment [4]. Sanaboina researched the effect of desktop versus
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virtual reality gaming on player experience in the context of a first-person shooter game regarding
spatial presence, social presence, and intention to play [34]. His findings suggest that both spatial
and social presence are significantly increased when playing in VR. However, the intention to
play was reduced. The author provides two possible reasons with the first one being that the
game used in the user study is a game developed for desktop. At least 40% of the participants
had prior experience of the game on the desktop medium, and hence, the switch to VR could
create a switching cost and a learning curve. The other reason was that the VR version of the
game caused SS for 60% of the participants.

Egan et. al. tested if heart rate and electrodermal activity could be used as an objective method
to measure immersion in VR environments [4]. In the study, they measured immersion in a
virtual city environment using a regular computer screen (2D screen) and then the Oculus Rift as
display methods. The participants clearly reported being more immersed and felt a greater sense
of presence in the VR environment in comparison to the 2D display.

2.2 Theatre Mode

TM is commonly used to view content which is not made for VR in VR, e.g. your PC desktop,
movies, and games. There exist multiple applications which let you see your desktop on a virtual
screen in VR. Your VR headset can thereby be used as a replacement for a computer monitor.
Some examples of applications which let you do this includes: Virtual Desktop [9], BigScreen
[10], Multiscreens [35], and Steam VR’s TM [36]. Some other applications are more focused on
gaming such as VorpX [17]. VorpX allows you to play games not developed for VR in full VR. It
also supports TM or "Virtual 3D Cinema Mode" which is how they refer to it. While playing a
game in virtual 3D cinema mode, some games can be viewed in stereoscopic 3D. VorpX does
not, however, support head tracked 3D or pop out objects in cinema mode.

Little research has been done about TM or virtual screens in VR. Schneider et. al. compared
the use of virtual screens in a HMD against real life big screens for use in large-scale data
visualisation [37]. A user study evaluated their method and found that the users’ perception and
cognitive abilities are the same for both viewing methods, therefore rendering virtual screens as
a promising alternative due to its lower cost and higher mobility.

King et. al. compared desktop screens against virtual screens in VR in use in the area of
diagnostic radiology [38]. As mentioned by the author’s diagnostic radiology is a field where
multiple screens are highly desired. The results suggest that using the VR system increased both
the task load and time taken to complete the task. The accuracy in finding growth in nodules was
however not significantly different. Although workload and time taken increased, the authors still
saw potential in VR and virtual screens in the medical field.

Although the works above are related to this study since they use virtual screens they do not touch
the use of virtual screens in gaming or the sense of SS or UX. However, no games exclusively
made for TM could be found. Although, the Gear VR version of Minecraft supports an optional
TM for those who are prone to SS [39]. This TM does not, however, incorporate head tracked 3D
or pop out objects.

Jason Rubin, head of Oculus VR Studios were in an interview asked if any traditional game
genres do not work in VR [40]. He said that every game that plays on a 2D screen could also
work in VR because of TM and also acknowledged why some traditional 2D games would play
better in VR, where both real 3D and pop out objects were mentioned.
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2.3 Related Work: Simulation Sickness Prevention Techniques

Both Kitazaki et. al. [41] and Whittinghill et. al. [42] propose a similar technique of adding a
reference point in the virtual world to reduce SS. Kitazaki et al. implemented a virtual world
where the user was in a spinning room, with three different conditions (two with a reference point
and one without) [41]. The participants were then exposed to the to the virtual environment. A
significantly higher level of SS symptoms was measured after exposure to the condition without
a reference point and thereby suggesting that the reference point reduced SS. Whittinghill et. al.
investigated if the use of a virtual nose placed in front of the user in the virtual world to represent
a real nose could help to prevent SS [42]. They found that users could play to an average of 94.2
seconds longer without feeling sick in one virtual environment. In another virtual environment
with more movement, the users could play an average of 2.2 seconds longer. Subjective measures
were also done, the group with the virtual nose reported 13-14 percent less discomfort, depending
on which environment was used. The two settings used were one more fast paced and relatively
short roller coaster where the user simply rode along. The other environment used was a slower
paced one, and the users were free to explore by themselves, this was the on resulting in a
94.2-second increase.

2.3.1 Dynamic Field of View

There is a well-known relationship between display field of view (FOV) and SS. Lowering the
FOV reduces SS (e.g. [43], [44]). However, lowering the FOV also reduces the user’s sense of
presence (e.g. [45], [46]). Fernandes et al. investigated if you could dynamically decrease the
FOV in situations when a larger FOV would be likely to cause SS (e.g. when the user accelerates
or rotates the camera without physical movement) [47]. Then dynamically restoring the FOV
in situations where it is less likely to cause SS. The authors also explored if users noticed this
change in FOV and if it negatively affected the experience.

To modify the FOV the authors created two rectangles with a black texture and a modifiable
transparent circle in the middle, referred to as FOV restrictors. The FOV restrictors were placed
in front of the two eyes in the virtual world and scaled up or down to increase or decrease the
FOV.

To test the effectiveness of the technique the authors employed a two-session mixed experimental
design. The data of 30 participants were analysed where each participant was present for
both sessions. The sessions were held on two different days. Half of the groups’ first session
were without FOV restriction, and the other half had FOV restriction on their first session.
Counterbalancing was then used to ensure the order of the techniques does not play a part in the
outcome. Half of the group used a minimum FOV of 90° and the other half 80° when running
the FOV restricted session.

The authors data suggests that reduced FOV helped participants experience less discomfort.
However, no statistical significance was found.

Having the participants being able to run freely could affect the results since there is no guarantee
the participants behave as expected. The amount of rotation and the speed and so forth could
have an impact on the levels of SS experienced. The effect this could have on the result is looked
past and is not measured.
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2.3.2 Limit Head Movement
The work done by Howarth and Finch [48] tests how the user’s head movement affects the SS
symptoms. The increased head movement done by the participants in their study also increased
the severity of the SS symptoms. With the use of TM, there will be a significantly lower amount
of head movement than in a full VR experience since the player always has the full game in front
of him/her. This decrease in head movement should also further help reduce the symptoms of SS
when using TM.

2.3.3 Reference Points
There are many different ways to use reference points to reduce SS. One is to put the user in a
"cabin or capsule" (e.g. space ship cockpit [49] or race car cockpit [50]). The idea with this
approach is the same as TM, to surround the user with a static environment in relation to them
and thereby make the user feel like they are stationary in the game. This approach has been
reported to reduce SS, but the sense of self-motion is still there since the vehicle is clearly moving
and thereby the risk of getting SS is still there. These techniques are also very tailored for one
particular type of game, a cockpit would simply not be appropriate in every game.

Another promising use of reference points is The Holospehere [51] which renders a "cage"
around the user and blurs the background when they are moving. Time Machine VR [52] also
uses this approach with the addition that there is a hole in the cage in the dead-center of the
user’s view, meaning the user will always clearly see what they are looking at but still counteract
the vection they get from the peripheral vision when moving. Both these methods have been
reported by users to help but not eliminate SS.

Another use of reference points can be seen in the game Smash Hit Plunder by Triangular Pixels
[53]. They present small floating cubes in the virtual world, these cubes move with the player
and works as a point of reference. A video where they show these cubes and also some other SS
prevention techniques can be found their website [54].

2.4 Motion Sickness
MS is a collective name for a number of symptoms familiar to nearly everyone with a functioning
vestibular system. MS is mostly associated with the symptoms of nausea which originates from
the Greek word "naut" meaning ship. Although nausea is the most associated symptom many
other symptoms are present as well, the sopite symptom is one of the present symptoms and was
first described and referenced to by this name in 1976 [55]. The sopite symptom is a collection
of several symptoms such as drowsiness, yawning, apathy, sleep disturbances, and mood changes.
The term MS was first introduced in 1881 by Irwin and was mostly referred to as sea sickness
before his work [56]. He saw that the condition was not limited to the sea so he introduced a
term which he found better and applicable to all different places where it can occur and is more
descriptive of the cause than where it happens.

There are many occasions whereMS can be experienced, but slowmovement often characterises it
as MS when for example riding a horse is rare. MS is unpleasant, disabling but also very common,
this baffled scientists for a very long time since they could not understand the evolutionary
advantage of this bodily reaction [57].

There exist many different theories on why MS affect us in the way it does. Treisman proposed
in 1977 a theory which of today is one of the more accepted ones [57]. He proposed there
might be a real use of MS otherwise it would have disappeared in the evolutionary process.
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He suggests the experienced symptoms appear because of the mismatch in stimuli from the
vestibular and the visual systems is similar to the ones experienced when digesting neurotoxins.
By inducing these symptoms to the body and potentially causing vomiting, it tries to get rid of
the potential toxic but also warns the body in the future for eating the type of food they just ate to
get these symptoms. This evolutionary theory is consistent with many different species being
susceptible to MS ranging from humans to fishes. The findings by Morrow where he correlates
MS susceptibility with toxin susceptibility strengthens this [58]. By taking cancer patients which
self-reported as being susceptible to MS and comparing to a control group which reported not
to be, he found evidence which supports Treismans theory. All cancer patients who reported
susceptibility to MS reported more severe reactions to the chemotherapy.

The oldest theory and probably the most accepted related to the cause of MS date back to 1975
and was produced by Reason and Brand [59]. They propose the MS is simply a perceptual
conflict which the body does not know how to handle and the discrepancy leads to the MS.

WhyMS occur is heavily debated but how it occurs is more generally accepted and themechanisms
of this as well. The vestibular system is used for detecting motions of the head and generating
reflexes as a response to this stimuli. The vestibular system consists of two different sensors, one
which senses linear acceleration such as the gravity. The other sensor is the semicircular canals
which sense rotation in three planes. Both of these sensors send signals to the neural structure
which controls eye movement, posture, and balance [60]. At the moment the vestibular system
senses movement when for example being inside a ship the sensors send signals to the brain telling
there is movement. A response is needed, but since the eyes see a static environment around
you, they send information which says you are still. This leads to a conflict in the information
forwarded to the brain which causes MS.

2.5 Simulation Sickness

With the growing number of uses of VR HMDs in the beginning of the 90’s it became increasingly
apparent there were underlying problems with the technique. The US army and navy saw great
training potential in this new technique since it could give them an easy and safe way for the
soldiers to experience otherwise dangerous environments [61]. The US army had previous
experience in the technique with it being used in pilot training simulators, but there were common
reports of symptoms similar to MS occurring. Kolasinski comprised an extensive list of factors
which could have an impact on the experienced symptoms [61]. A total of 40 different potential
factors were found. These were divided into three separate categories individual, simulator, and
task. Individual being on the personal level, for example, age, ethnicity or gender. Simulator
refers to the hardware of the system, for example, the framerate, the time lag or the refresh rate.
Lastly, the task category is the nature of the experience in the virtual environment, this could be
the self-movement speed, method of movement or just the duration.

Individual factors such as gender have been proven in other studies to play a significant part in
susceptibility to MS and should apply to SS as well [62]. The study was done by self-reported
susceptibility of a total of 3618 students of undergraduate classes. The study shows a lower
number of susceptibility score among the men compared to the women.

Ethnicity has also shown make a great difference in susceptibility with Asian people being a lot
more susceptible [63] than for example Caucasians.
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2.6 Simulation Sickness Questionnaire
The Simulation Sickness Questionnaire (SSQ) is a method for quantifying the SS symptoms of a
person [64]. The SSQ is filled out by the participant after the experiment has been done (usually
before as well) by marking how severe he/she experiences each symptom. The severity of each
symptom is then added together into three different groups and multiplied with a factor and then
added together to get the final score. SSQ is commonly used in works related to SS, and the
use of this questionnaire gives a score which is comparative to other studies utilising the same
questionnaire.

2.7 Stereoscopic 3D
Stereoscopic 3D is a technique for delivering two-dimensional content more depth and is often
used today in cinemas [13]. The common use of this is because the increased depth is believed to
bring a higher UX.

The work done by Schild et. al. which compares monoscopic gaming with stereoscopic gaming
shows that stereoscopic 3D brings a higher UX. This comparison was made by letting a total of
60 participants play different games in both stereoscopic 3D as well as the monoscopic version.
A within-subject design was used for the experiment. The results of the research show that the
average SS increased when using stereoscopic 3D but so did the UX as well.

The study in itself is very well performed but they fail to touch on the subject of different
methods of displaying stereoscopic 3D. Could the use of the active shutter glasses in this study
be increasing the SS symptoms for example?

2.8 User Experience
Brockmyer et. al. developed the Game Engagement Questionnaire, a method to quantify
engagement in video games [65]. The study suggests that one’s tendency to become engaged in
video game-playing is a quantifiable construct, they also propose a questionnaire consisting of 19
questions. The Game Experience Questionnaire which is a self reported measure which aims
to characterise the experience of playing digital games [5]. This questionnaire was developed
under the FUGA project (Fun of Gaming) and with a sample of 380 participants of different
background and familiarity of digital games they constructed a solid ground with a total of 42
questions. With the project they were aiming to create a form which can be used by everyone who
wishes to measure the experience of a digital game. By having one form which many researchers
use, creates possibilities to do direct comparisons between different titles and research projects.

2.9 Galvanic Skin Response
GSR measures the amount of sweat secretion from sweat glands. GSR is also commonly referred
to as electro-dermal activity or skin conductance. Changes in sweat secretion are known to be
triggered by emotional stimulation [66]. The higher the arousal, the higher the skin conductance.

There is a known relationship between MS and GSR [67]. The work done by Kim et. al. suggests
that this correlation could also be present when it comes to SS [68]. In their study, a correlation
between the net increase in GSR level and SS severity was positive, but not significant.

The work done by Drachen et. al. evaluate the correlation between GSR and player experience
in first-person shooter games [69]. Their result indicates that measures of GSR correlate with
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gameplay experience components, therefore rendering GSR as a potentially suitable objective
method of measuring UX.

Egan et. al. tested if heart rate and electro-dermal activity could be used as an objective method
to measure the quality of experience in VR environments [4]. Their findings indicate a correlation
between GSR and some of the self-reported measures. However, the work does not incorporate
any aspects of SS, which could also affect the GSR level [68].
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3 METHOD

In chapter 3 the method for answering our research questions is presented. In section 3.1 the
overall design choices are explained. Section 3.2 discusses the design choices regarding the
implementation. The final section, 3.3 describes the process of the experiment.

The objectives listed in Section 1.3 were solved in the following manner.

1. The current state of TM and its usage in games is handled in 2.2.
2. The prevention techniques are looked at in Section 2.3.
3. UX measuring is brought up in Section 2.8.
4. The designing and implementation of a game like application are explained in Section 3.1

as well as Section 3.2.
5. The experiment design is discussed in Section 3.3.
6. The conductance of the pilot study is covered in Section 3.3.3.
7. The controlled environment is described briefly in Section 3.3 and the quantitative data

collection is described in Section 3.3.4 and qualitative data in Section 3.3.1.
8. The testing for statistical significance is done in 4.10.

3.1 Design Overview
To be able to answer the research questions a small game application was created and an
experiment conducted. Quantitative data was collected during the user study. This was in the
form of GSR, HR, total number of degrees the user looked around, and total number of metres
the head was moved during the experiment. Questionnaires were conducted both before the game
application were played through as well as after.

Performing a case study was also considered for this study to evaluate ETM. A case study is
more in depth but usually uses a lower number of participants [70]. One of the advantages of a
case study is that specific cases can be focused on. The main reason for choosing an experiment
instead of a case study was because a case study cannot be generalised to fit a whole population
[70]. Case studies are easier to plan and are more realistic, but they are harder to analyse and
require more work to generalise to other situations [71]. Also since this study wanted to evaluate
what all people think about ETM and not a specific group, an experiment research design was
chosen. Case studies can also be a good choice if two conditions needs to be tested and it is
hard to only change the independent variable. Since the stimuli used in this study had an easily
controllable independent variable (without risking of changing other variables), an experiment
seems like a good choice of research design.

Another research design considered was sending the demo to participants to have them try it out
themselves and then answer an extensive questionnaire. While this probably would yield a lot
more participants, the quality of the data would be much worse than when running the demo in a
controlled environment. Measuring HR and GSR would also be hard since equipment is needed
to collect the data.

The application was implemented with two different modes, ETM which showcases the additions
presented in Section 1.3.1 and TM which do not use any of the additions.

The task in the game application was a simple "find the objects task", where the user was to
locate objects in the world which has been defined as objects which should be found. The user is
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then to look at the objects and press a predefined button, and the object is "collected". This game
like element was introduced to make the experience more enjoyable for the participants as well
as making the application feel more like a game with an objective. A small tutorial before the
main demo started was implemented as well to make sure everyone understood the task and also
gave them time to familiarise themselves with the virtual environment. This extra time before
was to make sure the focus of the participant were on the game and not the virtual room during
the demo since it could affect the results. The testing was separated in two different days to avoid
SS lingering affecting the results. The test persons did not know what version they were testing
at the moment of the user study.

To ensure the results are not dependent on the user’s ability or desire to explore the world which
could profoundly impact the UX. An on rail demo was chosen for the user study. This experience
becomes more like a cinema experience and is not as heavily interactive as most other games but
gives a fair comparison in this test case.

A within-subject design was chosen for the user study since it minimises the risk of errors because
of individual differences. One of the largest weaknesses of the within-subject design is the carry
over effect, to eliminate this and get fair numbers only one mode per participant were performed
per day. This design choice removes the carry over effect, at least when talking about the SS
aspect of the study. SS can easily be built up, and it would be incredibly hard to determine if one
of the modes was more prone to induce SS if they would be run directly after each other. To
prevent the carry over effect when talking about the UX half of the participants started with one
mode and the other half with the other. This use of counterbalancing should make the results
comparative.

Inclusion

• 18 or older

• Normal depth perception

• No tendency for MS

Exclusion

• Tendency for MS

• Abnormal depth perception

• Unable to give consent

• No data recorded

• Unable to complete all parts of the experiment

• Personal relation with experimenters

3.1.1 Head Mounted Display
The HMD used in the user study was an Oculus Rift DK2. The requirements for the HMD were
that it should be consumer grade and be able to track head rotation and position. There exist
many options - e.g. HTC Vive, FOVE, Oculus Rift CV1 - but the Oculus Rift DK2 was chosen
since the institute where the study was conducted had it available. The Oculus Rift DK2 has
lower specifications than newer HMDs, but for this study, it should not affect the results since it
is only the difference between the two techniques that is interesting. The specifications of the
Oculus Rift DK2 are presented in Table 3.1.
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Resolution 960x1080 per eye
Refresh Rate 75 Hz
Viewing Optics 100° Field of View

Table 3.1: Oculus Rift DK2 Specifications.

The Oculus Rift DK2 tracks rotation as well as the position which were required to test the
techniques. The position is tracked with a small camera which is placed in front of the user. For
the camera to be able to collect positional information it needs to have a clear view of the HMD,
the camera has a 72H x 52V degrees FOV and a tracking range of 0.5 - 2.5 metres. Figure 3.2
presents an image of the Oculus Rift DK2 and the camera.

Figure 3.1: Image of the Oculus Rift DK2, to the right is the camera that tracks position.
Image source: Oculus [72]

3.1.2 Shimmer3 GSR+
To measure GSR and HR a Shimmer3 GSR+ unit were used. This unit is suitable for measuring
the electrical characteristics or conductance of the skin, as well as capturing a PPG signal. PPG

Figure 3.2: Image of the shimmer3 GSR+ unit. Image source: Shimmer [73]
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is a method which illuminates the skin and measures changes in light absorption and converting
it to an estimated HR. The shimmer3 GSR+ monitors skin conductivity between two reusable
electrodes attached to two fingers of the same hand. When the sweat glands become more active,
increasing the moisture on the skin the current flows more readily (skin conductance increases).
The shimmer GSR+ can also measure an estimated HR by connecting an optical pulse sensing
probe to the 3.5mm jack on the side of the box.

3.1.3 Ethical Considerations
Ethical questions arose due to the possibilities of the participants experiencing SS. An ethics
application was sent to the local ethics committee (etikkommittén sydost [74]). The intention
with the user study is not to invoke any SS. But due to the second research question, and the
possibilities of this work getting published a recommendation was given to apply to the regional
ethics committee as well. The concerns regarding the research question were raised due to it
involving a risk for the participants of experiencing SS. So a more thorough application was
written and sent to the regional ethics committee (Regionala etikprövningsnämnden i Lund [75]).
The committee required that participants that have a tendency of getting MS should be excluded.
After adding this exclusion condition and some other changes (one change involved explaining
the purpose of the study clearer in the participant invitation letter). After making the changes,
the application got approved. The major ethical considerations for the user study were:

• Short exposure time

• Excluded people with a tendency of getting MS

• Confidential handling of collected data

3.2 Implementation
To be able to answer the research questions, a game-like application was created with the ability
to show content in both TM as well as ETM.

3.2.1 Engine
The application was created in Unity 3D. Unity has many features to increase productivity
when creating games one of them being the editor. The Unity editor lets the developer easily
create a scene by dragging game objects where they want it and quickly add behaviours to the
objects through components. There exist other similar game engines such as Unreal Engine
[76], developed by Epic Games, and CryENGINE [77], developed by Crytek. Unity was chosen
because both the authors had prior experience with the engine. Unity version 5.5 was used, and
C# was chosen as the scripting language.

3.2.2 Viewer Environment
The user needed an environment to be in while observing the content on the virtual screen. Since
the illusion of being stationary was strived after, an environment that the user could recognise
from real life and feel like they are sitting down in was required. A virtual cinema was created
since it met all the requirements and a large screen could naturally be placed in the front. The
cinema was modelled and textured to feel like a real-life theatre. See Figure 3.5 for an image of
the virtual theatre.
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Figure 3.3: Picture of the virtual cinema from the back, the blue rectangle in the middle of
the picture represents the viewer location. The cinema in the picture is lit and the screen
can also be seen in the picture.

The cinema consists of a large room with an inclined floor, 260 chairs, lights in the roof and on
the sides, two exit doors and a large screen in the front.

The user sits stationary in the location shown in Figure 3.5 through the whole experiment, the
user can not move in the cinema apart from with the head. The user can look around him/her in
all directions. All head movements are done using input from the HMD.

When the user starts the experiment the screen is black and displays instructions, the cinema is lit
(like in Figure 3.5). When the instructions have been read the user starts the tutorial, the screen
opens up presenting the game content, at the same time the lights are dimmed down. The only
lights active while playing the game are the spotlights on the side walls, using Unity’s global
illumination they still give some light to the rest of the room. All lights in the cinema are baked
to save performance.

The screen has an aspect ratio of 2.35:1 which is a standard in widescreen cinema [78]. This
aspect ratio was chosen to enforce the feeling that you are in a cinema. The screen is 18.33 metres
wide and 7.8 metres high, these dimensions were also selected to represent a real life theatre as
well as to allow the screen to take up most of the viewport when looking straight at the screen.

3.2.3 Game Environment
A game environment was also required since the purpose of this study is to test the experience in
a game-like setting. A space environment was therefore created for the purpose of this study. A
space environment was chosen because it would only require a few amount of assets to create.
The space environment was also chosen since meteors could be used as a natural element for pop
out objects. Unity provides a couple of complete environments in their asset store [79]. These
environments were considered for this study but since full control was desired a new environment
was created. A setting in space also allowed for full control over how rotations and movement
occurred.

The meteors in the game environment both helped to populate an other somewhat empty scene
and was also a great addition to have a natural element which could travel through the screen in
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Figure 3.4: Overview of the game and the path which the player followed with marked
start and end. The path takes 6 minutes and 24 seconds to travel.

the ETM. The adding of a sound source to the meteors helped increase the sensation of objects
coming close to you.

Planets were added to the scene as it was a natural addition to the space scene and gives reference
points to the player and adds more to the scene for the player to explore.

To increase the game like feel a spaceship was added which the camera follows. The task in the
game which consists of looking at scrap and thereby collecting them was an addition to give the
player a way to interact with the experience and helps to make it feel less like a cinema where
you just watch.

All game objects were placed on the same position for the different conditions to create an
environment that looks the same using both modes. The particle systems uses the same seed so
that it always creates particles on the same location for both modes.

Figure 3.5: View from the user’s perspective
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3.2.4 Instructions and Tutorial
When the user starts the VR application, they are located in the cinema, and the virtual screen
presents a welcome text and some instructions on how to continue to the next screen. The next
screen introduces the user to their objective. After both introduction screens have been read by
the user, a tutorial is started which introduces the user to the spaceship parts which is the user’s
objective to collect. After the user has collected two spaceship parts as part of the tutorial the
user can then start the demo. Screenshots of all instruction screens and tutorial screens can be
found in Appendix F.

3.2.5 Demo
After the tutorial had been completed, the user started the demo where the user followed a
spaceship through the game environment. The ship moved on a predetermined path and the user
collected spaceship parts by looking at them and pressing a button on a controller. The demo is 6
minutes and 24 seconds long. This length was chosen because although the user study does not
aim to induce SS, it should still be possible to get SS to be able to answer the second research
question. Previous research shows that most participants noticed moderate SS after about 5
minutes [47]. Therefore a demo length of 6 minutes and 24 seconds should be enough.

The spaceship moves on a predetermined path because if the user was given full control over
the ship, it could affect the results. There is a known relationship between user displacement
and simulation sickness, rotations and acceleration are known to increase the risk of getting SS
(e.g. [80], [11]). This relation means that the user could rotate and accelerate more on one of the
sessions and thereby report a higher SS score on one of the modes even though the visualisation
technique did not affect SS. Disabling this control from the user should eliminate this unwanted
variable.

After the demo is done, the screen closes and presents a text saying the demo is over and that the
user should remove their headset.

3.2.6 Questionnaire Application
The ethics committee had strict requirements of how the experiment was conducted and the data
collected. The computer used for the experiment should not have an internet connection to verify
the data being secure. Since the web could not be used, solutions such as Google Forms [81] was
ruled out. A decision to create an application which meets the needs of the user study was made.
A simple graphical user interface was set up in Windows Presentation Foundation (WPF) [82].
This application lets the user enter a username which then is saved to a textfile and paired with a
unique identifier (UID). This UID is the name of the folder created for each user and helps direct
all data to be saved in the correct folder. When the user has completed the last questionnaire for
the user study their username is removed from the textfile. This removal makes the data hard to
track to an individual test subject.

The questionnaires are read to the application in an XML format and support two different types
of questions, text questions and multi-choice questions. This makes it easy to change things in
the questionnaire without needing to recompile a new version. In a single XML, you can define
multiple surveys which should be answered on the same occasion. Each of these questionnaires
then gets saved to a comma separated value file (csv) with the same name as defined in the XML
file. This choice of file format makes for easy data handling when analysing the data.
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All the information is saved to a different computer over a local area network (LAN) to enable
participants to start filling out questionnaires while the computer with the main experiment is
being used.

To know which version, ETM or TM, that should be utilised for a new test subject a text file
altering between zero and one was created. A map with the corresponding name of the version
was then automatically set up for the user in their unique map. This folder name was then used
the second time to determine which mode was to be run.

3.2.7 Demo Application

A small application which starts the correct version of the demo, ETM or TM, was created. This
allowed the user to enter their username which then started the correct version of the demo.

3.2.8 Head Tracking

To increase the feeling of being connected to the three-dimensional game the need for the
head tracking movement to show greater impact in the game world was necessary. Since the
environment mostly consists of objects far away, it is hard to see any real result of the regular
head tracking when leaning left or right. By taking the positional data of the primary camera,
which is the position of the HMD in the virtual world, and translating it with a factor of 20 a
greater result from moving the head is achieved. By adding a function which makes the cinema
look at the ship when the side translation happens a result which makes it possible to look around
objects and get a more three-dimensional perspective.

3.2.9 Pop Out Objects

Objects flying out through the screen is a key addition to the ETM demo. First of all, there are
many particles which can travel through the screen. To prevent particles travelling through other
parts of the cinema than the cinema display itself, a solution which consists of several collision
boxes which are placed on all walls except in front of the screen was constructed. By setting the
particle system to collide with the said colliders and kill the particles on collision no particles
will enter the cinema through any other area than the display. This solution works great in this
particular demo application. In the case of the larger meteors which are also present in the demo,
there is no check whether they should go through the walls or not since there is a predefined path
the ship always follow. The meteors were placed along the route to never clip through the walls
of the cinema. This placement was also to ensure all participants received the same experience.

3.2.10 Theatre Mode

The regular TM was achieved by letting a second camera render to a texture which then was
applied to the cinema screen. The camera was placed at the position of the viewer and directed at
the middle of the screen to give the same perspective of the game as in ETM. The size of the
texture is 1203 pixels wide and 512 pixels high, there is no noticeable change in image quality
when changing between TM and ETM. The texture uses an eight samples anti-aliasing which
is the same as for the final rendered image. The colour format of the texture is ARGB float to
ensure that no loss of image quality happens when swapping to TM.
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3.2.11 Enhanced Theatre Mode
The implementation of the ETM is fairly similar to the TM. The largest difference being the
display is more of a window than a classic two-dimensional screen. The wall behind the screen
is being ignored. Ignoring this is achieved by letting the screen in the cinema paint to a stencil
buffer. The wall shader then ignores all pixels that have a value of one written to the stencil
buffer, meaning they are behind the display. To prevent planets being drawn inside the cinema,
the planets used this same technique but were instead only drawn if they were located behind the
screen.

3.2.12 Screen Settings
To be able to easily test different screen settings a screen settings menu was implemented. From
this menu, the developers could quickly change settings like screen size, distance to the display,
screen curvature, and screen position while in VR. These settings were not available for user
study participants but solely for testing purposes. While it was possible to curve the screen, no
screen curvature was activated in the experiments since most cinema screens are flat in real life.

3.2.13 Path
For the ship to smoothly follow a path, a bézier curve was used. A bézier curve editor from the
Unity asset store was used as a basis [83], support for controlling rotation and visualising speed
was added. The rotation is controlled by setting a rotation in angles for every bézier point. This
angle rotates the ship in the local Z-axis (roll). A rotation weight can also be set for every point
which controls where the rotation should take place in the area between two points. The speed is
visualised using cubes along the curve. The further distance between the cubes, the faster the
ship travels in that section. This addition was implemented to easier create a smooth path and
accelerations which felt natural to the user. A route with varying speeds and rotation intensity
was then set up to simulate how a player could behave if they had control over the ship. The
changes in speed and rotation is believed to be able to induce SS if played in full VR. This is
believed since similar rotations and accelerations used in other studies has induced SS [42]. Also,
when the player is moved without any physical movement, SS is likely to occur (e.g. [34], [47]).

3.2.14 Aim
For the players to easily be able to aim at the scrap objects (also referred to as spaceship parts)
in the game the main camera’s forward vector which is dependent on how the players head is
rotated was chosen as the aiming device. This technique makes it very easy and intuitive for the
players to aim where they want and requires no experience in any genre of games. When a player
looks at a scrap object, the outline of the object starts pulsating to indicate this is an object they
should collect. The detection of what the player is looking at is done by ray-casting from the
camera along its forward vector. If an object is hit and is a scrap object and the "collect" button
is pressed the scrap object is removed from the scene. For the player to quickly know exactly
where the middle of the field of vision is a reticule in the form of a small dot was added.

3.2.15 Sounds
In the demo, there are four different sounds, all sounds are listed in Table 3.2 with the creator,
where they were collected, and License.
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Usage in demo Creator License
Background music digifishmusic [84] Attribution [85]
Spaceship engine sound InSintesi [86] Attribution [85]
Spaceship part collected PocApp Studios [87] Free use
Wind sound from meteors entering cinema InspectorJ [88] Attribution [85]

Table 3.2: Sounds used in the demo. The column to the left describes how the sounds were
used in the demo. The column in the middle lists the creators and where the sound is
collected from. The column to the right presents the license for each sound

The background music was added to make the demo feel more like a game. The background
music adds a fair part of immersion which could conceal the change of immersion between TM
and ETM if the change is relative small. But since the aim was to compare the techniques in a
game setting and most games include some kind of background sound background music was
added. The space ship engine sound is very subtle and changes pitch depending on how fast the
ship is travelling. The spaceship part collected sound was added to give some feedback to the
user when they collect the spaceship part. This sound is played every time the user collects a
spaceship part. The wind sound is played from each meteor that will enter the cinema. A doppler
effect is added to to make it more realistic. This sound is added to make pop out objects more
evident.

3.3 Experiment
The experiment were held in a controlled environment in the Department of Creative Technologies’
lab room. Only one experimenter and one participant were present in the room during the
experiment.

3.3.1 Questionnaires
Questionnaires were used as a qualitative method to collect data from the participants. The
questionnaires administered are discussed in the following two subsections.

3.3.1.1 Simulation Sickness Questionnaire
To be able to measure the change in SS symptoms the SSQ was used. The questionnaire was
administered both before the exposure of the demo and after the demo. This method was used to
calculate the change in the symptoms the exposure had on the participant.

The SSQ consist of 16 questions and each question is answered by using the scale, None, Slight,
Moderate, and Severe.

The SSQ score is a score which measures the SS symptoms of the user and is a way of quantifying
the SS symptoms. It is more often used as a measurement of how the symptom severity have
changed during the exposure than how they are feeling. There is no SS scale which can define
how the user is feeling based on the score and therefore the change in score obtained from before
the exposure in comparison to the one obtained after was used.

To calculate the total SSQ score per user, each question in the questionnaire is grouped into at
least one of the subcategories (Nausea, Oculomotor, and Disorientation). This grouping was
done in the works by Kennedy et. al. and puts each symptom into a larger group. The grouping
can be found in Appendix C. Formula 3.1 was used to calculate the SSQ score for each participant.
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This formula is the standard one used when calculating SS using the SSQ and was developed
alongside the SSQ in the work by Kennedy et. al. [64].

Nausea ∗ 9.54 +Ocumolotor ∗ 7.58 + Disorientation ∗ 13.92 (3.1)

3.3.1.2 Game Experience Questionnaire
The Game Experience Questionnaire (GEQ) was used to calculate the UX of the user. It was
administered after each session and a total of two times. The GEQ was used since it is a
well-accepted tool for measuring UX and is quick and easy to fill out. There is no total score
which can be calculated for the GEQ, but instead, each subcategory gets an average which can
then be used to compare against the same subcategory of another session. The questionnaire
used in the study is a modified version of the GEQ, and instead of the seven components defining
UX present in the original version, there is only four. This choice was made because the removed
elements, Competence, Imaginative immersion and challenge, should not be affected in this
study.

The modified GEQ used in the study consist of 13 questions and each question is answered using
the scale, Not at all, Slightly, Moderately, Very, and Extremely. The original GEQ has the same
scale except instead of the element Very where it uses fairly. This change was made since the
leap between fairly and extremely is broad. Many users in the pilot study were confused about
the original scale since there was no in-between value.

3.3.2 Experiment Setup
The setup consisted of a stationary chair, a desktop computer, an Xbox controller, a headset and
an Oculus Rift DK2. The chair was a standard computer chair with its wheels removed. The
chair could be raised and lowered to match the height of the users head to the tracking camera.
The chair was placed on three planks to keep the chair stable and to act as a marking to where it
should be placed. The planks were marked where the legs were supposed to be located if the
chair was to be moved. Marks were also made on the floor in case the planks were moved. The
back of the chair was located 1 metre from and directly in front of the camera to ensure that the
user was in the tracking area and when the user was sitting straight, they would be positioned in
the middle of their virtual seat in the cinema. An Xbox controller was used to be able to interact
with the demo. Only the ’A’ button on the controller was used. A headset was also used to play
audio to the user, a Steelseries Siberia v2 was used as headset since it fits comfortably on top of
the Rift and provides good quality audio.

The computer was running Windows 10 and the components can be seen in Table 3.3.

Graphics card: NVidia Geforce GTX 980
Processor: Intel i7-6700k
Memory: 16GB RAM
Mother Board: Asus Z170-A

Table 3.3: The most relevant computer components of the computer used in the
experiments.
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Figure 3.6: Image of the experiment setup.

3.3.3 Pilot study
A pilot study was conducted to better understand how the design of the experiment could be
received. This gave information about if the wording of the questions were clear, if the data
collection worked as expected, and flaws which might have been overseen could be found. Six
people took part in the pilot study which consisted mostly of other students as well as one teacher.

In the pilot study a few flaws were found, first of all the font size in the questionnaire application
was increased to help readability. The scale of the GEQ’s second largest value was changed from
fairly to very since the leap from fairly to extremely seems much larger than any other values on
the scale. The number of spaceship scrap the participant is to collect was increased since most
participant were able to collect nearly all of the scrap in the first third of the demo.

3.3.4 Data Collected During the Experiment
During the experiment the application collected data on the participant’s performance and
behaviour. The data collected from the experiment was the following:

• Total head rotation in degrees

• Total head movement in metres

• Number of collected space ship parts

• List of head rotation per second in degrees collected every second

• List of head movement per second in metres collected every second

• List of collected space ship parts

Head rotation and movement was collected because there is a well known relationship between
head transformation and SS. More head movement and rotation often leads to an increased risk
of SS [48]. The head transformation over time was also interesting since previous experiments
have shown that people that are simulation sick tend to move their head less, this data could then
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reveal when in the demo the user started to feel SS. The space ship data was also interesting since
there could be a relation with how many parts were collected and immersion and SS.

All demo data collection started when the tutorial was completed and the user had started the
journey phase, the data collection stops directly when the end of the path has been reached and
the cinema screen is closed. When the application is shutdown, all data is saved into several
comma separated values (CSV)-file. All lists are saved into separate files and the rest is saved
into one file.

3.3.5 iMotions
iMotions [89] is a biometric research platform that lets the user integrate many different biosensors
such as eye tracking, facial expression analysis, GSR, and more into one platform. iMotions also
provides features to be able to visualise the recorded data, analyse the data and control the data
quality live.

iMotions was used in this project to collect, visualise, and analyse HR and GSR data during
and after the user experiment. iMotion require a study to be set up and stimuli added to be
able to collect data. Three different stimuli were added to the study, one image with exposure
time set to two minutes, one image set to manual exposure time (the experimenter presses a
button to advance to the next stimuli), and one image set to 6 minutes and 24 seconds exposure
time (the length of the demo). The images consisted of just a single colour and served solely
as a way for the experimenter to know which part of the experiment was being measured at the
moment. The first image represents the configuration stage, where a baseline was derived from.
The second image represents the stage between baseline and the demo where the participant
reads instructions and follows the tutorial, and the third image represent the demo stage were
the participant play through the demo. This separation into three stages were made to make the
analysis of the data easier. Since the participant was wearing the HMD when the data collection
started these images were not visible to the participant.

3.3.6 Experiment Procedure
After welcoming the potential participant to the lab environment, they were first guided to sit
down and answer a couple of questions. The participant were asked if they have a normal
stereopsis and explaining the meaning of this. As a guiding question they were asked if they
are able to see 3D effects at the cinema. If they did not have a normal depth perception they
were excluded from the study since it could potentially affect the result. If they had a normal
depth perception they were asked if they have a tendency for getting MS, if they answered yes
then they were excluded from the study. This was to prevent inflicting an unnecessary amount of
discomfort.

In the next part of the study the participant had the opportunity to ask questions about the study.
The participant were reminded that they had the option to abort their participation at any time
without having to give a reason.

They were then given a written consent form which if they agreed to sign proceeded the
experiment.

The participant were then seated at a computer to fill out the first set of questionnaires, a general
information and a SSQ questionnaire, see Appendix A.1 and A.2.

GSR was measured by connecting one GSR electrode at the base of the participant’s index finger
and one at the base of the middle finger. The HR sensor were strapped around the thumb. This

25



sensor placement was chosen since it was recommended in the GSR pocket guide by iMotions
[90]. The participant does not have to use both hands during the experiment, meaning the hand
which the sensors were connected to could be static through the experiment. After the sensors
had been placed, a verification was done by checking the live GSR and HR data. The verification
included checking for a stable reading of the data and that the bluetooth connection was strong.
The iMotions user interface shows the percentage of packages successfully sent over bluetooth
and if it were to be any lower than 100% adjustments would have to be made. The participant
were instructed to hold the hand where the sensors had been applied still through the experiment
either resting it on the table in front of them or in their lap.

After that the participant were asked to put on the HMD and were helped to adjust the straps to
make sure the fit was good. The participant were asked to adjust the HMD until the text on the
displays were clear, since having the focal point in the middle is key to get a clear image. When
they reported the image was clear the audio headset was applied.

To be able to monitor the live data and control the HR and GSR data collection, the experiment
supervisor sat at a separate computer connected with TeamViewer [91] to be able to view and
control the participant’s computer. TeamViewer were set to only accept LAN connections to
eliminate the risk of any unauthorised to connect to the computer.

After all equipment had been applied a final check of the sensor data quality was made since the
process of applying the equipment could have moved the sensors. The participant was then told
that a sensor configuration would be made and instructed to close their eyes and relax for two
minutes. This was made to find a base line for the HR and GSR data.

They were handed the Xbox controller and were then free to start the demo whenever they liked.
After the demo was completed a second set of questionnaires were given for the participant to fill
out. When these questionnaires were completed the session was over.

The second session on another day were conducted in the same way, although the first part with
the consent form and the exclusion questions were not needed. The only difference to the second
time was the addition of a questionnaire after the experiment which asked specifically about the
different additions and how the participant experienced these.

The entire procedure can be seen in figure 3.7
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Figure 3.7: Procedure of the experiment for one session.
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4 RESULTS

In chapter 4 the results from the experiment is presented. In section 4.1 the demographics of the
participants are presented. Section 4.2 discusses the temperature measured in the experiment
environment. Section 4.3 contains data collected from the GEQ. Data collected from the SSQ are
presented in Section 4.4. Section 4.5 presents the data collected from the GSR sensor. Section
4.6 presents the HR data collected from the sensor. Player performance is presented in section
4.7. Head rotation and head movement is presented in the corresponding sections 4.8 and 4.9.
Finally, in Section 4.10, all statistical significance testing done in the study is presented.

4.1 Demography
A total of 23 persons participated in the user study. Data gathered through pre-questionnaire A.1
are here presented. The participants consisted of 18 males and five females ranging from 19 to
30 years old with a mean age of 23.3.

Figure 4.1: Number of hours per week
spent playing video games.

Figure 4.2: Particip prior experience
with VR.

Figure 4.1 presents the participants gaming habits. The question asked was: "How often do you
play video games?". Possible answers are presented in the x-axis and number of participants
in the y-axis. Figure 4.2 presents the participants previous experience with VR before this
experiment. Possible answers are presented in the x-axis.

4.2 Environment Temperature
Since significant changes in temperature could affect the GSR data readings, the temperature
in the experiment room was always measured for each session. The mean temperature can be
seen in Table 4.1. The temperature stayed stable throughout the whole test period and should not
affect the GSR data, especially since a GSR baseline was collected for each session. The raw
temperature data can be found in Appendix B.10.

Mean (°C) 21.05
Standard Deviation 0.4519
Min (°C) 20.30
Max (°C) 22.10

Table 4.1: Mean temperature in °Celsius measured after each session from the
environment where the experiment took place. The table also shows estimated standard
deviation, lowest measured value, and highest measured value.

29



4.3 Game Experience Questionnaire
Data collected from the GEQ is presented here. Each figure corresponds to one question in the
questionnaire in Appendix A.3. Each chart shows the collected answers per mode per question.
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Figure 4.3: The average GEQ score per mode grouped by the different subcategories

The GEQ score is calculated by taking each question of a subcategory and calculating the average
from all participants for both TM as well as ETM. Figure 4.3 displays the average data for each
subcategory and are grouped by the mode. The different subcategories grouping can be found in
Appendix D.
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4.4 Simulation Sickness Questionnaire
Data gathered through the SSQ are here combined and presented. The SSQ can be found in
Appendix A.2. Each question in the questionnaire is represented by a figure below. The SSQ was
taken before and after the demo since participants could come in to the test with some of the
symptoms already present. For each mode, both pre (before the demo) and post (after the demo)
answers are shown to see the difference in the reported symptoms.
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Figure 4.4: The average SSQ score per mode grouped by the different symptoms
subcategories.

The score in Figure 4.4 is the adjusted score meaning the score collected before the exposure
is deducted from the score after. This method ensures that only the score which the exposure
have affected the user is being looked at. As can be seen from Figure 4.4 the average SSQ score
acquired is higher in the TM. The results also show a decrease over the different subcategories
when looking at ETM.

4.5 Galvanic Skin Response
Figure 4.5 shows the mean normalised GSR value for participants when they tested the TM
respectively the ETM version. A simple normalisation method was used (where the mean value
from the demo was divided with the mean value from the baseline period for every participant).

Figure 4.5: Mean normalised GSR for TM (blue bar) and ETM (Orange bar), the error
bars visualise the estimated standard deviation.

The figure shows that the mean measured GSR were slightly higher for participants when they
played the ETM than when they played the TM.
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TM ETM
Mean normalised GSR 1.1990 1.3121
Standard deviation 0.3980 0.4173
Highest 1.8801 2.4844
Lowest 0.1572 0.7716

Table 4.2: Mean normalised GSR per mode.

Table 4.2 shows that both highest and lowest mean normalised GSR values were the highest for
ETM.

Even though comparing the mean GSR gives an idea of which mode gave the highest level of
arousal, iMotions recommend a different analysis method [90]. They recommend looking at
event-related GSR peaks. Figure 4.6 plots the mean normalised GSR over time, where simply
the average for all participant’s normalised GSR value per timestamp has been calculated for
both TM and ETM. Figure 4.6 also shows when meteors collided with the cinema, in TM the
meteors simply got clipped by the screen and disappeared and in ETM they entered the cinema
and flew past the participant.

Figure 4.6 shows that the mean GSR for when participants used the ETM is always higher than
when using the TM to view the demo. Some extra peaks can also be observed in the ETM line
when meteors entering the cinema. To more clearly visualise the GSR peaks from meteors Figure
4.7 was created. The blue line in Figure 4.7 represents the difference between TM and ETM in
mean normalised GSR over time. This was acquired by simply subtracting the GSR for ETM by
GSR for TM.

Figure 4.6: Mean normalised GSR over time per mode. The blue line represents TM and
the orange line represents the ETM, the black vertical lines represent the time when
meteors collided with the cinema
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Figure 4.7: Mean normalised GSR over time difference. The black vertical lines represent
the time when meteors collided with the cinema

4.6 Heart Rate

For the HR data, six more participants had to be excluded because of faulty recorded data, which
means there are 16 participants’ data left. Table 4.3 describes the mean normalised HR per mode.
Normalisation was done by dividing the average HR from the demo with the average HR from
the baseline (same as with GSR). As seen in Table 4.3, the difference in HR was very small for
the different modes with ETM slightly higher than TM.

TM ETM
Mean normalised heart rate 1.0151 1.0327
Standard deviation 0.0544 0.0444
Highest 1.1483 1.1392
Lowest 0.9492 0.9673

Table 4.3: Mean normalised HR per mode. Estimated standard deviation, highest and
lowest values.

4.7 Collected Spaceship Parts

Table 4.4 describes the mean number of collected spaceship parts per mode.

Figure 4.8 shows how many of each spaceship part were missed when playing the demo in TM
and ETM. Worth noticing is that spaceship part 10 and 24 were missed in ETM in a higher grade
than in TM.
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TM ETM
Number of parts 23.3043 22.2608
Standard deviation 0.9261 1.7637
Highest 25 25
Lowest 22 17

Table 4.4: Mean number of collected spaceship parts for TM and ETM

Figure 4.8: Number of missed spaceship parts per spaceship part. The x-axis shows the
part’s ID, there were 25 parts in total. The y-axis shows the number of parts missed

4.8 Head Rotation
Table 4.5 presents the mean total head rotation for all participants separated into TM and ETM.
Figure 4.9 shows mean head rotation over time for all participant separated into TM and ETM.
The raw data for head rotation can be found in Appendix B.6.

TM ETM
Head Rotation (Degrees) 3252.201 3486.278
Standard deviation 1623.648 1806.655
Highest 7626.395 7704.511
Lowest 1179.004 1198.719

Table 4.5: Mean head rotation per mode.
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Figure 4.9: The mean head rotation over time separated into TM and ETM. The blue line
represents TM and the orange line represents ETM. The black vertical lines marks at what
time meteors collided with the screen.

4.9 Head Movement
Table 4.6 shows the mean total head movement for all participants separated into TM and ETM.
Figure 4.10 presents the mean head movement over time for all participants separated into TM
and ETM. The raw data for head movement can be found in Appendix B.7.

Figure 4.10: The mean head movement over time separated into TM and ETM. The blue
line represents TM and the orange line represents ETM. The black vertical lines marks at
what time meteors collided with the screen.
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TM ETM
Head Movement (Metres) 6.7085 6.9325
Standard deviation 2.7243 2.99
Highest 14.9472 13.4104
Lowest 3.2623 3.1833

Table 4.6: Mean head movement per mode.

4.10 Statistical Significance Test
To test the collected data for significance, a paired two sample for means t-test was used. T-test
is a test that can be used to compare means of two samples and determine if there exists any
statistical significance between them. A paired t-test is used when the same group of participants
are measured for both conditions, just like in this study.

Repeated measures one-way Analysis of Variance (ANOVA) was also considered to be used as
an analysis method. But since there are only two variables in the data analysed and a paired t-test
method is already implemented in EXCEL, a t-test was chosen over ANOVA.

For the tests, two hypotheses were constructed - the null hypothesis and one alternative hypothesis.
The null hypothesis suggests that there is no difference in the means between the groups of
data and the alternative hypothesis suggests that there is a difference. To accept the alternative
hypothesis the null hypothesis has to be rejected. To be able to reject the null hypothesis a critical
value of α = 0.05 was chosen. If the p-value returned from the t-test is less than α, the null
hypothesis can be rejected with a 95% certainty. The null hypothesis is presented in Equation 4.1
and the alternative hypothesis is presented in Equation 4.2. H0 is the null hypothesis, H1 is the
alternative hypothesis, and µi is the population mean where i is the view mode.

H0 : µT M = µET M (4.1)

H1 : µT M , µET M (4.2)

4.10.1 Galvanic Skin Response
To test the null hypothesis that the TM (M = 1.20, SD = 0.40) and ETM normalised GSR means
(M = 1.32, SD = 0.42) were equal, a paired two sample t-test was performed. The null hypothesis
of equal resilience means was accepted, t(21) = −1.05, p = 0.31. Thus, the normalised GSR
mean for TM was not statistically significantly different than the ETM mean.

4.10.2 Heart Rate
To test the null hypothesis that the TM (M = 1.02, SD = 0.05) and ETM normalised HR means
(M = 1.03, SD = 0.04) were equal, a paired two sample t-test was performed. The null hypothesis
of equal resilience means was accepted, t(15) = −1.91, p = 0.075. Thus, the normalised mean
HR for TM was not statistically significantly different than the ETM mean.

39



4.10.3 Simulation Sickness Questionnaire
The result from t-test performed on the data presented in Appendix B.4 and B.5. The full t-test
results produced by Excel can be found in Appendix E.1-E.4. The results show that there exists a
statistical significance within the participants in the oculomotor subcategory.

Total SSQ Nausea Oculomotor Disorientation
P-value 0.0979 0.1246 0.0403 0.6497

Table 4.7: P-values for total SSQ and for the different subcategories.

4.10.4 Game Experience Questionnaire
The full set of data which the t-test was performed on can be found in B.11 and B.12. The
t-test test on the different subcategories of the GEQ in Table 4.8 shows, there exists a statistical
significance within the participants in the tension subcategory.

Negative affect Positive affect Sensory and Flow Tension
imaginative immersion

P-Value 0.5390 0.5888 0.2660 0.4911 0.0164

Table 4.8: P-values for the different subcategories in the GEQ

4.10.5 Collected spaceship parts
Since the number of collected spaceship parts for part number 10 and 24 were very different
between TM and ETM it was tested for statistical significance. Since the possible outcome of
collecting a spaceship part is on a nominal scale (Collected or missed), chi-square test using a 2
x 2 contingency table were used instead of an t-test. Group 1 were set to "TM" and group 2 to
"ETM". Category 1 were set to "Collected" and category 2 to "Missed". When performing a
chi-square test on spaceship part 10 the result is a chi-square statistic of 7.2157 and a p-value of
0.007227. When performing the same test on spaceship part 24 the chi-square statistic is 16.7183
and the p-value is 0.000043. This result indicate that there is a statistical significance in collected
spaceship parts for part number 10 and 24. The complete result and input for spaceship part 10
can be found in Appendix B.8 and for part 24 in Appendix B.9.
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5 DISCUSSION

In this chapter, the results are discussed in the same order as in the results. Additionally, Section
5.8 presents the personal preferences between the modes. In Section 5.9 and 5.10 the ethical and
sustainable aspects are discussed.

5.1 Game Experience
At the start of the study, it was believed the ETM would give a higher level of UX according to
the GEQ than the TM mode. It was believed because the addition of stereoscopic 3D in itself
should yield a higher UX [15]. Pop-out objects are not something which have been individually
researched before but the common use of stereoscopic 3D in today’s many high budget movies
utilises the same principle except they are bound to be between the user and the screen. This
usage encouraged the theory which was set up that the addition of pop-out object would help
even further increase the UX. The last addition which was the exaggerated head movement were
believed to help increase the UX since it was thought to help enforce the fact that it was a window
into the game world instead of the game being rendered to a virtual display.

Looking at the average score which the GEQ yielded in the user study no major differences can
be seen. There is an overall increase in all the different subcategories both the ones which are
positive, meaning a higher overall UX as well as the ones which should lower the UX. This result
could be interpreted as all of the additions together made a combination which was too much for
the user and did increase the UX in the way it was meant but also lowered other aspects of UX
such as how easily annoyed or irritable they felt during the user study.

Comparing the user’s answers where they could freely answer what they preferred, see Appendix
B.3, many of the users which reported they enjoyed the ETM a lot and was very positive. Their
GEQ score does not, however, reflect this. The lack of correlation between several of the
participant’s text answers and their GEQ score could be since the two different sessions were run
on separate days to ensure no lingering of SS would be present. This waiting period could lead
to the preferred mode getting a lower score since they could not remember their last scoring of
the same item of a question. Meaning that the UX might be experienced as better but the score
given is worse.

Performing statistical significance tests for each subcategory of the GEQ displays that there is
statistical significance between the groups in the subcategory of Tension. The tension subcategory
is of a negative character and getting a statistical significance in this cluster shows in a way that
ETM is inferior of displaying content in this regard.

5.2 Simulation Sickness
The SS was believed to be at the same level across both TM as well as ETM. This was believed
since the fundamental design of the TM which helps keep the SS down is still present in ETM.
There were minor concerns that the ETM would heighten the level of SS symptoms since the
effect the additions would have on this were hard to foresee.

Looking at Figure 4.4 it can be seen the result is the opposite of the initial beliefs and the
ETM is seemingly lowering the symptoms of SS in almost every aspect. The only subcategory
which ETM increases the level of SS comparing to the score gathered before the exposure is the
Disorientation category. This category still, however, have a lower score in ETM than in TM.
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The average SSQ score not only tells the lack of increase of SSQ symptoms but most people
were feeling less SS symptoms after the exposure of ETM than before.

Since the ETM is showing a lower SSQ score than ETM, it is believed this could be a result of
the Pop-out objects. When the TM is used, there is nothing which makes the user put any focus
inside the cinema and it is easy to develop tunnel vision and only see what is on the virtual screen.
This fixation could potentially lower the beneficial effect of the static environment around the
user. In ETM objects enter the cinema through the display which could help the user break the
tunnel vision and recouple with the static environment thus lowering the SS symptoms.

The category which pops out the most and also shows statistical significance between the versions
is the oculomotor subcategory. This subcategory contains symptoms such as general discomfort,
headache, and so forth, see Appendix C. Due to the nature of these symptoms which could occur
in many cases and not only linked to SS it is believed that many of the symptoms could be felt
because of stress. The small experiment gets the participant to sit down and relax even for just
a few minutes and could help relieve these symptoms. This effect should however be evenly
distributed since half of the participants start with one version and the other half with the other.
One of the factors which could be helping lowering this subcategory is the pop-out object, as
described in the previous paragraph, and it might be that these have a greater impact on these
particular symptoms and therefore a statistical significance is acquired.

Performing statistical significance tests for the total SSQ score as well as each subcategory shows
no statistical significance for any of the subcategories 4.7 except for oculomotor.

5.3 Galvanic Skin Response

5.3.1 Normalised Mean GSR
At the beginning of the study, it was believed that the normalised mean GSR would be higher
for ETM than TM since the stereoscopic 3D effect could bring a higher engagement [92]. The
pop-out objects could also bring a higher arousal and engagement since the user would not expect
game objects to fly into the cinema and this surprise could be shown in the GSR reading. Also,
the exaggerated head movement was believed to increase GSR because of the increased parallax
effect. Adding these three additions together was thought to give a significant increase in GSR.

From the normalised mean GSR presented in Figure 4.5 and table 4.2 it can be seen that the
the mean GSR from ETM where a little higher than from TM. This result suggests that the
participants experienced a higher arousal level when playing the ETM.

This data itself does not propose if the participants experienced a higher UX with the ETM.
Earlier works mentioned in Section 2.9 suggests that GSR can also indicate level of SS. The
increased GSR could also be a result of negative feelings such as irritation or anger. Together
with the GEQ and SSQ-score conclusions can be drawn whether the increase in GSR was
positive/negative or a result from increased SS. Since the mean GEQ score did have a small
increase in all subcategories, it is possible that the increase in GSR is connected with the increase
in GEQ score. It is hard to determine if the increased arousal is positive or negative from the
GSR and GEQ data since there was an increase in both negative and positive categories from the
GEQ.

As discussed in Section 2.9, SS could possibly affect GSR. For this study the result from the SSQ
suggests that most people did not experience any SS in the ETM. Therefore the increase in GSR
should not be connected with SS.

42



However, this difference in GSR is slight and when looking at the t-test result presented in section
4.10.1 it can be seen that the difference between the modes does not represent any statistical
significance.

5.3.2 GSR Peaks
For most vertical lines in Figure 4.7 there seems to be an increase in GSR. This increase suggests
that participants had a higher level of arousal and engagement when meteors entered the cinema.
However, this is very hard to see since there seem to be peaks spread out all over the demo. So
the peaks at the vertical lines could just be a coincidence.

5.4 Heart Rate
When looking at the HR data presented in 4.6 it can be seen that the normalised mean for ETM
is slightly higher than for TM. This increase - just as the GSR - also suggests that participants
experienced a greater level of arousal when playing the demo using the ETM mode. However,
the difference is slight, and it did not yield any statistical significance as shown in section 4.10.2.

5.5 Collected Spaceship Parts
At the beginning of the study, it was believed that the number of collected spaceship parts would
be the same for ETM and TM. This relation was believed since the spaceship parts looked the
same and were positioned at the same location for both modes.

In table 4.4 it can be seen that the number of parts collected was almost the same for the modes
with TM a little higher. However, when looking at Figure 4.8 it can be seen that the difference
in missed spaceship parts for the part with ID 10 and 24 was immense between the modes.
When using the TM, only two participants missed spaceship part 10 and when using ETM 10
participants missed it. Only one participant missed part 24 when using TM and 14 missed in
ETM. As presented in Section 4.10.5 the difference in collecting spaceship part 10 and 24 does
represent a statistical significance. The two spaceship parts have in common that they do not use
much space on the screen. However, there are other spaceship parts which use an equal amount
of screen space. A possible explanation for why the difference is so big for spaceship part 10
could be because four meteors are entering the cinema in ETM in a short period when part 10 is
visible. These meteors could distract the user and therefore cause them to miss collecting this
specific part in ETM. However, this explanation is not true for part number 24 since no meteors
are present when this part is visible. Why this spaceship part is not collected in ETM as much as
in TM is unknown, and further studies would be needed to conclude why this happens.

5.6 Head Rotation
The mean head rotation result can be found in section 4.8 and it can be seen that the average head
rotation for ETM is a little higher than for TM. This result could be because the participants who
noticed the pop-out objects tended to follow them with their gaze a bit when they entered the
cinema, which led to a higher total head rotation.

5.7 Head Movement
At the beginning of the study, it was believed that the head movement for ETM would be higher
than for TM. This variance was believed since the exaggerated head movement could encourage
participants to move the head more than in TM.
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However, only one participant noticed the exaggerated head movement so not a large difference
between head movement was found for the two modes (as seen in table 4.6). Just as for head
rotation, the head movement for ETM is a little higher than for TM. This result is believed to
be connected since head movement is obtained from the position of the Oculus. So when the
participant rotates their head, the Oculus is moved and therefore picking up head movement.

5.8 Personal Preferences
A few questions were included after the final session so the participant could answer more freely
what they thought about the different modes B.5. These answers show that many of the persons
who noticed the pop-out object were very positive about them and overall the participants who
chose to write a preference on which mode they preferred, were conclusive that they liked ETM
over TM.

5.9 Ethical Aspects
In other studies, some participants had to abort their participation due to severe SS symptoms (e.g.
[34], [47]). Due to our ethical considerations which can be seen in 3.1.3, none of the participants
had to abort their participation from the user study. None of the participants complained about
SS, and all showed up for the second session which indicates that no severe discomfort was
experienced.

5.10 Sustainable Development
Since the use of virtual screens in a game setting have never been evaluated in any research before
in the sense of UX and SS, this study adds to the knowledge base in VR. This work, therefore,
can be used to educate the society further in the area of VR, UX, and SS.

One of this work’s aim is to broaden the user base of consumer appropriate HMDs and make the
VR medium more user-friendly for those sensitive to SS. This development, in a way, improves
the impartiality of the society.

Apart from these two aspects mentioned above and the ethical aspects, sustainable development
is not considered to be relevant in this study mainly because the study incorporates a software
solution. Therefore environmental sustainability aspects are not directly related. Neither does
this study touch on any financial aspects.
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6 CONCLUSIONS

This study set out to further develop TM to give developers a way to use classic game design
with traditional input methods without neglecting the UX. TM is known to reduce SS symptoms
in comparison to VR where the user sees the world through the characters eyes. By adding
additional elements to the existing TM it was believed to increase the UX while keeping the
beneficial traits of TM. This belief was evaluated by conducting a user study where the user
was travelling by a fixed course and could look around using head movements. The objective
was to collect different pieces of spaceship parts which were floating in space. During the
experiment GSR, HR, head rotation, head movement, and player performance was collected. SS
was measured using SSQ which was administered before and after the exposure. TM, as well as
ETM, were used on separate occasions for each participant to avoid lingering of any SS. UX was
measured using selected questions from the GEQ.

The results of the experiment showed that the UX were not significantly improved, and some
subcategories were acquiring a lower score compared to TM. A t-test analysis proved that
statistically significant difference existed in the subcategory Tension which is of a negative
character. However, this is not enough to prove that the UX as a whole is decreased.

According to the presented results, the following conclusion to RQ1 can be established:

• Under a controlled environment and over a short duration, the experiment results did not
provide sufficient evidence to conclude that the additions of real 3D, pop-out objects and
exaggerated head movement affected the user experience in a gaming application compared
to TM.

The results of the experiment regarding the SS showed that there was no statistically significant
difference between the groups. The results, however, show that the average SSQ score is lower
using ETM than TM.

According to the presented results, the following conclusion to RQ2 can be established:

• Under a controlled environment and over a short duration, the experiment results did not
provide sufficient evidence to conclude that the additions of real 3D, pop-out objects and
exaggerated head movement affected the SS in a gaming application compared to TM.
However, there is a trend which suggests that SS was decreased in ETM.
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7 RECOMMENDATIONS AND FUTURE WORK

In Chapter 7 future works are presented. In Section 7.1 an improvement on how the questions
could be collected is presented. Section 7.2 presents a possible solution to how better GSR
data could be collected. Section 7.3 introduces an idea for future work to make it easier to
collect biometric data of emotions for VR studies. In Section 7.4 and 7.5 proposals to a different
approach to a similar study is presented. Section 7.6 presents a proposal for future work where a
theory which resulted from this study could be evaluated.

7.1 Show Participant’s Answer From Previous Session
From looking at some of the participant’s text answers, it is evident which mode was most
preferred. However, this preference was not always mirrored in the GEQ answers. Some
participants clearly stated that they preferred one of the modes in the text answers, but according
to the answers in the GEQ, the other mode was preferred. This pattern could be because the
participants did not remember what they replied in the first session. To counter this problem,
it could be a good idea to in the second session give the answers from the first session to the
participant. Then they could use the answers from the first session as a baseline and then simply
state if the mode in the second session were better or worse than the first one by picking a more
positive or negative answer to each question.

7.2 Minimising Unrelated Stimuli
When looking at the GSR data presented in 4.6 and 4.7 it can be seen that there are very many
peaks all over the chart. This sporadic distribution of peaks makes it hard to analyse event-related
peaks since it is hard to know if one peak is related to one event or just there because of other
unrelated stimuli. For example, through the live GSR data it was clear that some participants
experienced a higher arousal level when picking up spaceship parts. It is believed that minimising
the number of irrelevant stimuli (e.g. sounds and spaceship parts) could give a more stable GSR
chart and therefore easier to find peaks related to pop-out objects.

7.3 Measuring User Experience in Virtual Reality Using Biometric Data
As an objective measurement for user experience, GSR was used in this study. But since GSR
only determines the level of arousal and not the type of emotion conclusions can not be made if
the level of arousal is positive or negative. This conclusion can only be made by combining the
result with subjective data and therefore losing the advantages of objective data. In other studies,
GSR has been used together with a facial expression recognition system to determine what type
of emotion the user is experiencing. However, this system requires a camera to record the user’s
facial expression and with a HMD strapped to the face the camera would not be able to capture
major parts of the face. Therefore a solution that works for VR would be useful for future studies
about VR where emotions will be measured.

7.4 Relation Between Enhanced Theatre Mode And Full Virtual Reality
While this study focus on the relation between TM and ETM it would also be interesting to
compare ETM or an improved version of ETM to fully immersive VR (where the user sees the
world through the characters eyes). It would be interesting to see the difference in UX and in SS
for that combination as well.
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7.5 Isolate each Addition
This study evaluated all three additions (real 3D, pop-out object, and exaggerated headmovements)
at once. It would also be interesting to evaluate each addition separately in different demos.
By doing this, it would be easier to determine which of the additions affected UX and SS the
most. It would also be possible to test the different additions in different demos, for example, the
exaggerated head movement would maybe be more suitable in a different demo (e.g. in a first
person shooter where you can lean around walls to peak behind them).

7.6 Does Attention to the Cinema Decrease Simulation Sickness?
One theory for why ETM decreases the mean SS was that the pop-out objects drew more attention
to the cinema and therefore reminding the user that they were actually sitting still. It could be
interesting to evaluate this theory by for example have the user play a game in TM and between
intervals have the user interact with the cinema environment in some way.
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APPENDIX A: QUESTIONNAIRES

A.1 General Information

1



A.2 Simulation Sickness Questionnaire

2



3



A.3 Game Experience Questionnaire

4
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A.4 Text Questions
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APPENDIX B: PARTICIPANT DATA

B.1 Normalised Mean Galvanic Skin Response Per Participant

Participant ID TM ETM
1 1.8276 1.019
2 0.8746 0.8187
3 0.6954 1.2969
4 1.3728 1.1526
5 1.0998 1.6257
6 0.1572 1.4579
7 1.2855 1.0173
8 1.0911 1.1467
9 0.9806 1.5639
10 0.7518 0.7716
11 1.3831 1.0991
12 1.1525 2.4844
13 1.888 0.906
14 1.2748 1.1641
15 1.1477 1.164
16 1.3701 1.3548
17 0.8801 2.3183
18 1.5352 1.3601
19 1.8207 1.4771
20 1.2696 1.3134
21 1.3919 1.2194
22 1.1285 1.1361

Table 1: Normalised mean GSR for every participant.
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B.2 Normalised Mean Heart Rate

Participant ID TM ETM
1 1.0109 1.0386
2 0.9891 1.0139
3 0.9525 0.9923
4 0.9587 1.0201
5 0.9639 1.0184
6 1.0312 0.9808
7 0.9647 0.9945
8 0.9492 0.9673
9 1.0592 1.0621
10 1.0364 1.0967
11 1.0246 1.0073
12 0.9862 1.0619
13 1.0542 1.0219
14 1.0771 1.0538
15 1.1483 1.1392
16 1.036 1.0543

Table 2: Normalised mean HR for each participant.
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B.3 Text Answers

ID Mode Did you notice any change in depth of the content shown on the cinema screen?
(Compared to the,first experiment session) If yes,
what did you notice? Which one did you prefer and why?

1 ETM
2 ETM

3 ETM I noticed that the objects remianed in the cinema screen in the 2nd game
whereas objects came beyond the screen in the 1st. I loved the 1st one!

4 ETM In the first experiment I noticed rocks traveling past me and this time
they didn’t do that.

5 TM object came att me. I prefed the secund one it felt more cooler
6 ETM first one. The shipp was very bad att the last one.
7 TM

8 ETM
The second time felt more clear compared to the last time. It was
probably because this time my eye got more adopted to the blurredness on the
screen or may be there was actually a change.

9 TM

10 TM The objects were going out of the cinema screen this time giving a much
better 3D effect.

11 TM
12 TM
13 ETM
14 ETM
15 ETM

16 TM

It felt like things had more realism with how you looked at them it felt
less flat and you definitly could feel more how the ship moved. The second
part because it helped trick my brain into thinking that I was actually
moving more.

17 TM I prefared the second one I am now less irratated in eyes and head. The
second attempt I felt that the pereferi" sight was better

18 ETM I preferred the second one. Although I can’t explain it I felt it had
more depth around the space ship

19 TM Some objects entered the cinema/went through the screen. Perhaps that
happened as well yesterday but I didn’t notice it at the time.

20 TM second one
21 ETM
22 TM Some bigger objects with shadow effects.

23 TM
I was thinking that the test I was taken for the second time is somewhat
much in depth when compared to the first one and was also thinking that the
second time played game was somewhat lengthy.

Table 3: Answers collected from participants after playing the second session. The
question is presented in the first row. Mode is referring to the mode used in the first
session. Empty cell means that the participant did not notice the effect or did not answer.
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ID Mode
Did you notice any
objects entering the cinema in any of the experiment sessions?
If yes, did you prefer objects entering or not entering? Why?

1 ETM
2 ETM

3 ETM I totally prefer the objects entering out
of the screen. It gives real experience of travelling in the space.

4 ETM It felt more real to have the objects
moving past me.

5 TM
6 ETM

7 TM
Yes but only during second. It becomes
more immersive. It makes the cinema feel more like an opening to game world
than just a flat screen.

8 ETM Objects entering gave a more convincing
visual picturing of what I was watching was actually real.

9 TM The stars felt like they entered the
cinema when the flew past and it was a nice touch

10 TM
11 TM

12 TM it felt a bit weird because the objects
were looking to be penetrating thru the seats infront

13 ETM
14 ETM
15 ETM

16 TM
YES! Things seemed a lot more real and up
and personal when things moved up close and I could see them leave the
screen.

17 TM I could see objects at the ends of the screen easier. The content felt overall
less blurry also."

18 ETM

19 TM

It wasn’t annoying but it was odd that
some went through the screen and others stopped at the screen. Made me lose
focus on finding the objectives for a second as I was wondering whether it
was deliberate or a mistake.

20 TM yes entering
21 ETM
22 TM

23 TM Some of the asteroids and the stars were
entering into the cinema screen.

Table 4: Question asked to see if the participants noticed the object entering the cinema
and if they enjoyed it.
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ID Mode
Did you notice any
change in screen size compared to the first session.
If yes, did you prefer screen size from this session or the first? Why?</

1 ETM
2 ETM
3 ETM

4 ETM I dont know if I just imagine it but
some parts in the corners were harder to catch in the second round

5 TM
6 ETM
7 TM
8 ETM
9 TM
10 TM
11 TM
12 TM

13 ETM
I prefer the first as it is easy for me
to focus on the blurred area. The second one I need to move my head with big
movement to focus on the blurred area

14 ETM

15 ETM The first. It felt like the game covered
a wider area of my field of view.

16 TM

17 TM Having object entering the cinema felt
more estetically pleasing.

18 ETM I believe the second one was larger
prefer the second one as I felt more into the game.

19 TM
20 TM
21 ETM
22 TM
23 TM

Table 5: Question asked to make sure they did not just said the noticed everything and
enjoyed it more, there were no difference in the screen size.
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ID Mode
Did you notice any
difference when moving your head in any of the sessions?
If yes, what did you prefer and why?

1 ETM
2 ETM
3 ETM

4 ETM Same as before don’t know if I just
imagine it but the sensability felt different.

5 TM
6 ETM

7 TM
Yes and I think I prefer it. It gives
the same impression as tilting your head and adjusting your perspective from
inside a window.

8 ETM
9 TM
10 TM

11 TM

In first session I keep moving my head
intentionally to be a part of game and to enjoy more. I felt no dizziness but
today I came with a different plan and did not move my head intentionally. So
today I felt little dizzinen my head . So I think its good to let your boday
na dhead to be a part of game.

12 TM
13 ETM
14 ETM
15 ETM

16 TM The second time felt more smoth I felt
like I had more control over the courser

17 TM They sceen might have been bigger hard
to say. However the depth of the screen felt more optimized and crisp.

18 ETM
the second one felt more realistic which
I liked but I felt the first one was easier to aim towards objects in the
distant corners. With that said I liked the second one the most.

19 TM
20 TM
21 ETM
22 TM
23 TM

Table 6: Question asked to find out if they noticed the exaggerated head movement.
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B.4 SSQ Score TM

ID Nausea Ocumolotor Disorientation TotalSSQ
1 -9,54 0 0 -35,6796
2 28,62 7,58 0 135,388
3 0 0 27,84 104,1216
4 0 7,58 0 28,3492
5 19,08 7,58 0 99,7084
6 -19,08 15,16 0 -14,6608
7 47,7 15,16 13,92 287,1572
8 0 0 13,92 52,0608
9 0 0 27,84 104,1216
10 9,54 -7,58 13,92 59,3912
11 0 -7,58 0 -28,3492
12 0 0 -13,92 -52,0608
13 9,54 15,16 27,84 196,4996
14 9,54 0 0 35,6796
15 -9,54 0 -13,92 -87,7404
16 -28,62 -7,58 -27,84 -239,5096
17 0 0 0 0
18 0 0 -13,92 -52,0608
19 0 15,16 55,68 264,9416
20 19,08 0 0 71,3592
21 0 0 0 0
22 0 7,58 0 28,3492
23 9,54 -15,16 55,68 187,2244

Table 7: SSQ score per subgroup and calculated total SSQ, TM version.
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B.5 SSQ Score ETM

ID Nausea Ocumolotor Disorientation TotalSSQ
1 0 -7,58 0 -28,3492
2 9,54 0 13,92 87,7404
3 19,08 15,16 55,68 336,3008
4 -9,54 7,58 0 -7,3304
5 0 0 0 0
6 -19,08 7,58 27,84 61,1116
7 0 0 0 0
8 0 0 -13,92 -52,0608
9 19,08 7,58 13,92 151,7692
10 -9,54 0 0 -35,6796
11 19,08 0 -13,92 19,2984
12 -19,08 -22,74 -13,92 -208,4676
13 0 0 13,92 52,0608
14 -9,54 -7,58 0 -64,0288
15 9,54 -15,16 -13,92 -73,0796
16 0 -15,16 13,92 -4,6376
17 0 0 0 0
18 0 7,58 0 28,3492
19 9,54 15,16 27,84 196,4996
20 -9,54 0 13,92 16,3812
21 -47,7 -15,16 -27,84 -339,218
22 -19,08 -15,16 0 -128,0576
23 -19,08 -15,16 27,84 -23,936

Table 8: SSQ score per subgroup and calculated total SSQ, TM version.

14



B.6 Head Rotation

Head Rotation
Participant ID TM ETM
0 2638.565 4307.845
1 3424.219 6668.566
2 2043.048 4258.4
3 2558.405 2752.277
4 3403.757 4705.571
5 2736.136 2422.772
6 2488.365 2695.159
7 1721.096 1708.592
8 3946.371 3728.095
9 3579.862 2411.691
10 2287.024 2298.26
11 7626.395 6752.61
12 3271.978 4208.784
13 6870.721 7704.511
14 4410.909 5391.355
15 4302.582 2585.082
16 2414.542 1551.898
17 4978.726 3322.682
18 1246.956 1198.719
19 3892.64 3446.558
20 1653.772 1447.56
21 1179.004 1447.278
22 2125.555 3170.138

Table 9: Head rotation in degrees while playing the demo.
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B.7 Head Movement

Head Movement
Participant ID TM ETM
0 5.231267 9.389141
1 7.258182 12.80532
2 4.028169 7.120231
3 5.271121 5.367244
4 6.464654 7.969314
5 5.622526 5.097888
6 5.400022 5.484567
7 4.01136 3.975957
8 8.526456 7.97308
9 6.165439 4.332533
10 5.106606 5.021793
11 14.94715 13.41035
12 6.486901 7.65297
13 10.76238 12.58363
14 7.900909 9.968346
15 8.386694 5.437027
16 5.5692 3.879194
17 10.09117 6.890425
18 3.262259 3.183313
19 7.293529 6.650624
20 4.251057 3.911753
21 3.400933 4.048811
22 8.856539 7.294297

Table 10: Head Movement in metres while playing the demo.
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B.8 Chi-Square Result Spaceship Part Number 10

Spaceship
Part Number 10

Collected Missed Marginal Row Totals
TM 21 (17) [0.94] 2 (6) [2.67] 23
ETM 13 (17) [0.94] 10 (6) [2.67] 23
Marginal Column Totals 34 12 46 (Grand Total)

Table 11: Chi-square result for spaceship part number 10. The table provides the following
information: the observed cell totals, (the expected cell totals), and [the chi-square
statistic for each cell]. The chi-square statistic is 7.2157. The p-value is 0.007227.

B.9 Chi-Square Result Spaceship Part Number 24

Spaceship
Part Number 24

Collected Missed Marginal Row Totals
TM 22 (15.5) [2.73] 1 (7.5) [5.63] 23
ETM 9 (15.5) [2.73] 14 (7.5) [5.63] 23
Marginal Column Totals 31 15 46 (Grand Total)

Table 12: Chi-square result for spaceship part number 24. The table provides the following
information: the observed cell totals, (the expected cell totals), and [the chi-square
statistic for each cell]. The chi-square statistic is 16.7183. The p-value is 0.000043.
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B.10 Room Temperature

Session ID Temp Session ID Temp
1 21.2 24 20.8
2 20.7 25 21.1
3 20.7 26 20.6
4 20.5 27 20.7
5 20.7 28 21.8
6 20.5 29 20.3
7 20.8 30 20.9
8 20.9 31 20.6
9 21.8 32 21.2
10 21.6 33 20.9
11 20.9 34 20.6
12 21.3 35 20.8
13 21.8 36 20.7
14 22.1 37 21.2
15 21.8 38 20.7
16 21.6 39 20.9
17 21.1 40 20.7
18 21 41 21.3
19 21.1 42 21.6
20 21.9 43 20.8
21 21.9 44 20.7
22 20.9 45 20.9
23 20.7 46 20.6

Table 13: Raw data of room temperature in °Celsius. Each row represents one session and
the sessions are sorted after time. The first row represents the first session and the last row
represents the last session.
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B.11 GEQ Subcategory Data TM

ID Negative effect Flow Positive effect Tension Sensory and imaginative
immersion

1 1 2,8 2 0 2,5
2 0,5 2,2 3 0 2,5
3 1,5 1,8 4 0 2
4 0,5 2 3 0 2,5
5 0,5 1,6 2,5 0 2,5
6 1 2 2,5 0 2
7 1 2,6 3 1 3,5
8 1 2,2 3 1 1
9 0 3,2 3,5 0 2,5
10 2 0,2 1,5 0 2
11 1 2,4 3,5 0 3,5
12 1,5 0,4 2 0 2
13 0 2,6 3 0 2,5
14 1 1,6 3 0 2
15 0,5 2,2 3 0 2
16 2 0,4 1,5 0 1
17 0,5 2,2 3,5 0 2,5
18 0,5 2,2 3 0 2
19 1 1,8 2,5 0 1
20 0,5 2,2 2,5 2 2
21 0,5 3,2 3,5 0 3
22 0 3,2 3,5 0 2,5
23 0 3 3 0 3

Table 14: The average value of each subcategory in the GEQ per participant (ID) using
TM.
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B.12 GEQ Subcategory Data ETM

ID Negative effect Flow Positive effect Tension Sensory and imaginative
immersion

1 1,5 2,6 2 0 2
2 1 2,2 3 0 2,5
3 1 1,6 3 0 2
4 1 2,6 3 1 2,5
5 0,5 2 3 0 2
6 1 2,4 3 1 2,5
7 1 1,8 3,5 3 2,5
8 1 2,2 3 1 2
9 1 2,2 2,5 1 2
10 1 1 2 0 2
11 1 2,6 3 0 3,5
12 0 2,8 3,5 2 3,5
13 1 2,8 3,5 0 3
14 0,5 1,2 2,5 0 2
15 0,5 2,6 2,5 1 2
16 1,5 1 2 0 1
17 0,5 3 3 1 3
18 0,5 0,6 3 0 2
19 2,5 2,2 2,5 0 1,5
20 0,5 2 2,5 1 2
21 0,5 3,2 4 0 3
22 0 3,6 4 0 3,5
23 1 2,4 3 1 3

Table 15: The average value of each subcategory in the GEQ per participant (ID) using
ETM.
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APPENDIX C: SSQ SYMPTOMS GROUPING

Symptoms Nausea Oculomotor Disorientation
General discomfort 1 1
Fatigue 1
Headache 1
Eye strain 1
Difficulty focusing 1 1
Increased salivation 1
Sweating 1
Nausea 1 1
Difficulty concentrating 1 1
Fullness of head 1
Blurred vision 1 1
Dizzy (eyes open) 1
Dizzy (eyes closed) 1
Vertigo 1
Stomach awareness 1
Burping 1
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APPENDIX D: GEQ SYMPTOMS GROUPING

Questions Negative Flow Positive Tension Sensory and
imaginative
immersion

I was fully occupied
with the game 1

I thought about other things 1
It was aesthetically pleasing 1
I forgot everything around med 1
I felt bored 1
I enjoyed it 1
I felt annoyed 1
I lost track of time 1
I found it impressive 1
I was deeply concentrated
in the game 1

I lost connection with the
outside world 1

I felt irritable 1
I felt good 1
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APPENDIX E: STATISTICAL SIGNIFICANCE TEST RESULTS

E.1 Adjusted SSQ T-test Result

t-Test: Paired Two Sample for Means

ETM TM
Mean -0,6667 49,75176
Variance 17278,35 13924
Observations 23 23
Pearson Correlation 0,374975
Hypothesized Mean Difference 0
df 22
t Stat -1,72845
P(T<=t) one-tail 0,048959
t Critical one-tail 1,717144
P(T<=t) two-tail 0,097919
t Critical two-tail 2,073873

E.2 Adjusted Nausea T-test Result

t-Test: Paired Two Sample for Means

ETM TM
Mean -3,31826 3,733043
Variance 236,7021 237,7813
Observations 23 23
Pearson Correlation 0,054587
Hypothesized Mean Difference 0
df 22
t Stat -1,59666
P(T<=t) one-tail 0,062304
t Critical one-tail 1,717144
P(T<=t) two-tail 0,124607
t Critical two-tail 2,073873
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E.3 Adjusted Oculomotor T-test Result

t-Test: Paired Two Sample for Means

ETM TM
Mean -2,30696 2,306957
Variance 106,7372 64,95071
Observations 23 23
Pearson Correlation 0,411856
Hypothesized Mean Difference 0
df 22
t Stat -2,1792
P(T<=t) one-tail 0,020153
t Critical one-tail 1,717144
P(T<=t) two-tail 0,040307
t Critical two-tail 2,073873

E.4 Adjusted Disorientation T-test Result

t-Test: Paired Two Sample for Means

ETM TM
Mean 5,446957 7,262609
Variance 330,0922 420,4654
Observations 23 23
Pearson Correlation 0,527306
Hypothesized Mean Difference 0
df 22
t Stat -0,46043
P(T<=t) one-tail 0,324865
t Critical one-tail 1,717144
P(T<=t) two-tail 0,64973
t Critical two-tail 2,073873
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E.5 Game Experience Questionnaire Negative Affect T-test Result

t-Test: Paired Two Sample for Means

ETM TM
Mean 0,869565 0,782609
Variance 0,277668 0,336957
Observations 23 23
Pearson Correlation 0,274592
Hypothesized Mean Difference 0
df 22
t Stat 0,624004
P(T<=t) one-tail 0,269521
t Critical one-tail 1,717144
P(T<=t) two-tail 0,539042
t Critical two-tail 2,073873

E.6 Game Experience Questionnaire: Positive Affect T-test Result

t-Test: Paired Two Sample for Means

ETM TM
Mean 2,913043 2,847826
Variance 0,310277 0,418972
Observations 23 23
Pearson Correlation 0,560461
Hypothesized Mean Difference 0
df 22
t Stat 0,548554
P(T<=t) one-tail 0,294418
t Critical one-tail 1,717144
P(T<=t) two-tail 0,588835
t Critical two-tail 2,073873
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E.7 Game Experience Questionnaire Sensory And Imaginative Immersion T-
test Result

t-Test: Paired Two Sample for Means

ETM TM
Mean 2,391304 2,26087
Variance 0,43083 0,451581
Observations 23 23
Pearson Correlation 0,659757
Hypothesized Mean Difference 0
df 22
t Stat 1,141329
P(T<=t) one-tail 0,133002
t Critical one-tail 1,717144
P(T<=t) two-tail 0,266005
t Critical two-tail 2,073873
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E.8 Game Experience Questionnaire Flow T-test Result

t-Test: Paired Two Sample for Means

ETM TM
Mean 2,2 2,086957
Variance 0,549091 0,712095
Observations 23 23
Pearson Correlation 0,529197
Hypothesized Mean Difference 0
df 22
t Stat 0,700266
P(T<=t) one-tail 0,245551
t Critical one-tail 1,717144
P(T<=t) two-tail 0,491101
t Critical two-tail 2,073873
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E.9 Game Experience Questionnaire Tension T-test Result

t-Test: Paired Two Sample for Means

ETM TM
Mean 0,565217 0,173913
Variance 0,620553 0,241107
Observations 23 23
Pearson Correlation 0,439394
Hypothesized Mean Difference 0
df 22
t Stat 2,598076
P(T<=t) one-tail 0,008208
t Critical one-tail 1,717144
P(T<=t) two-tail 0,016415
t Critical two-tail 2,073873

E.10 GSR T-test Result

t-Test: Paired Two
Sample for Means

TM ETM
Mean 1.199019 1.312147
Variance 0.158439 0.174107
Observations 22 22
Pearson Correlation 0.225554
Hypothesized Mean Difference 0
df 21
t Stat -1.04542
P(T<=t) one-tail 0.153857
t Critical one-tail 1.720743
P(T<=t) two-tail 0.307714
t Critical two-tail 2.079614

Table 16: Result from t-test when run on the normalised mean GSR
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E.11 Heart Rate T-test Result

t-Test: Paired Two Sample for Means

TM ETM
Mean 1.015138 1.032694
Variance 0.002962 0.001976
Observations 16 16
Pearson Correlation 0.742126
Hypothesized Mean Difference 0
df 15
t Stat -1.91322
P(T<=t) one-tail 0.037501
t Critical one-tail 1.75305
P(T<=t) two-tail 0.075003
t Critical two-tail 2.13145

Table 17: Result from the t-test when run on the normalised mean HR data
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APPENDIX F: INSTRUCTIONS AND TUTORIAL

Figure 1: First instructional image in the game application which again tells them they
can abort their participation at any time.

Figure 2: An images presented to the participant shortly explaining how the game will be
played out.
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Figure 3: The interactive tutorial which teaches the user how to collect the spaceship parts.

Figure 4: Final image presented when the tutorial is completed and when the user presses
A the game starts.
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