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Abstract

Virtual Reality (VR) is a growing frontier of immersive consumable content. It provides an
additional layer of immersion, namely presence, which can be described as the feeling of
being somewhere, in this case, inside a virtual environment, thus accepting it as real. We
utilise existing game design, VR, and perception models and theories to create prototypes that
test the effect of realism in the representation of the player avatar on the felt presence in VR.
We consider the concepts of “game feel”, “presence”, “scales of realism” and the “Uncanny
Valley” theory when building the framework for this study. Furthermore, we create three
prototypes with increasing levels of visual polish and three test groups (N = 36 adults) are
made to play through one of the prototypes each. Galvanic skin response (GSR) is used to
measure arousal response, a measure used to quantify degrees of presence. Participants are
instructed to interact with two stimuli that share the same behaviours, first a virtual toy car
and then a virtual spider. The instructions for the interactions with each stimulus are identical.
Results from t-tests and linear mixed-effects modelling (LMM) show indications of
effectiveness of increased player avatar visual polish on producing higher arousal response
readings, suggesting an increased sense of presence. Additionally, some behavioural patterns
that emerged suggest a heightened sense of embodiment. We argue that the findings validate
the implementation of higher visual fidelity in player avatars, in pursuit of impacting a
subject’s level of arousal when exposed to a virtual spider. This has implications for game
designers, psychotherapists, and researchers who aim to use VR to induce an immersive state
in individuals.

Key words: Virtual Reality (VR), Virtual Environment (VE), Polish, Visual Presence,
Arousal, Player Avatar, Scales of Realism.
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Sammanfattning

Virtuell verklighet (engelska: “Virtual Reality”) är ett växande område av konsumerbara
innehåll som medverkar till att användaren ska kunna försvinna bort i en artificiell verklighet.
Den engelska termen “immersion” är välanvänd inom speldesign och syftar inom denna
kontext på ett uppslukande av användarens uppmärksamhet när de interagerar med ett
datorspel. Virtuell verklighet bidrar med ytterligare ett lager av “immersion” nämligen genom
närvaro (engelska: “Presence”). Närvaro hänvisar till känslan att befinna sig på en viss plats, i
detta fall i en virtuell miljö. Vi har nyttjat sedan tidigare kända modeller och teorier relaterade
till speldesign, virtuell verklighet och kognitiva förmågor som utgångspunkt för att utveckla
tre prototyper. Målet med dessa prototyper är att testa vilken effekt en mer realistisk
representation av en användares virtuella kropp (engelska: “Player Avatar”) kan ha på den
upplevda närvaron i en virtuell verklighet. De tre prototyperna har avsikten att öka den
visuella detaljrikedomen (engelska: “Polish”) på en skala från en abstrakt representation av
en mänsklig kropp till en mer realistisk och faktisk representation. Deltagande i experimenten
bestod av N = 36 vuxna individer, uppdelade i tre testgrupper. Vi använder galvanisk
hudrespons (“GSR”) för att mäta fysiologiska responser, vars data vi använder för att
kvantifiera olika grader av närvaro. Deltagarna är instruerade att interagera med två olika
stimuli, som innehar samma beteendemönster, först en virtuell leksaksbil och sedan en
virtuell spindel. Resultaten från t-testerna och de linjära modellerna med blandade effekter
(engelska: “Linear Mixed-Effect Modelling” eller “LMM”) gav indikationer på att en högre
visuell trofasthet av deltagarens virtuella kropp resulterade i en större fysiologisk respons
vilket kan tolkas som att deltagarna upplevde en större närvaro. Vidare upptäcktes vissa
upprepade beteendemönster som kan tolkas som indicier på att deltagarna upplevde en högre
nivå av förkroppsligande i korrelation till de mer visuellt imponerande prototyperna. Vi
lägger fram argumentet att fynden i denna studie validerar implementationen av en högre
visuell trofasthet i spelarnas virtuella kroppar med syftet att påverka deltagarens fysiologiska
respons när de exponeras för en virtuell spindel. Detta har implikationer för speldesigners,
psykoterapeuter och forskare som eftersträvar att inducera ett sorts uppslukande tillstånd
bland individer.

Nyckelord: Virtual Reality (VR), Virtual Environment (VE), Polish, Visual Presence,
Arousal, Player Avatar, Scales of Realism.
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1.0 Introduction

1.1 Virtual Reality & Player Avatar

Players that engage with Virtual Reality (VR), may experience that their attention becomes
completely directed towards the new virtual environment (VE) they are presented with. It can
become their new perceived reality. While the VE is not completely accurate to the real and
tangible world outside the constraints of VR, it can make them become temporarily distracted
from its existence. Despite the players knowing of the artificial nature of the VE, their brains
seem to be able to ignore it in favour of feeling more immersed in the VR experiences.

In a VR experience, it is common to have some form of virtual representation of the player's
body, i.e., the player avatar. Whether it is just a pair of virtual hands or a full body, the player
avatar is used as a means to communicate to the player where they are in relation to the VE
and how they might engage with it. Furthermore, the player avatar becomes the vehicle in
which they interact with the surroundings presented to them and the main way they can see
their real world actions translated into the virtual world.

VR experiences implement widely different representations of the player avatar in terms of
complexity and accuracy to a player’s real-world body equivalent. Players that engage with
VR might notice a more or less pronounced sense of immersion depending on the avatar they
are embodying. E.g., a player might feel more threatened in a horror VR game if their player
avatar is representative of their real-world body. In contrast, another player might feel less
engaged in a VR basketball game if their player avatar only consists of hands that lack visual
complexity and animation.

To try and get a better understanding of the importance of visual representations of the
players body in VR, this study explores the relation between how the player’s VR body
(player avatar) is shown, and their arousal response to a presented stimulus as measured by
psychophysiological arousal and behaviours. Arousal entails a physical change in our body’s
autonomic nervous system as a response to a stimulus (such as an increase of skin
conductance through the activation of our sweat glands) (Farnsworth, 2018), which may be
caused by fear or stress in relation to being exposed to a spider.

1.2 Research Question

The current study therefore examined:

“How do different visual representations of a player avatar in Virtual Reality affect
player arousal?”

Our hypothesis was that an increased polish level in visual representation of the player avatar
results in a heightened arousal response when interacting with a presented stimulus. A virtual
spider was used as a stimulus because of its established effectiveness in inducing an arousal
response as shown in previous studies (Juvrud et al., 2018; Miloff et al., 2016; Brice et al.,
2021). In contrast, a virtual toy car was used as a more neutral stimulus to collect comparable
data between the stimuli interactions.
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1.3 Research Goal

The main goal of this study was to attempt to determine how the representation of a VR
player avatar changes their arousal response when exposed to a traditionally arousal inducing
scenario. The results of this research will prove useful to VR developers in their endeavours
to implement avatars and avatar behaviour for VR players in such a way that increases the
concept of visual presence for the players. This, in addition, has implications for game
designers, psychotherapists, and researchers who aim to use VR to induce an immersive state
in individuals. By focusing on visual presence, we also set up a groundwork for future studies
attempting to explore the other two building-blocks of presence, i.e., auditory, and haptic
presence. The results of this study can potentially map out the relevance of varying amounts
of visual polish of a player avatar, for a developer striving towards visual presence as a
“game feel” per Swink’s definition of said term: “Real-time control of virtual objects in a
simulated space, with interactions emphasized by polish” (2009, p. 6). In extension, this
could help developers find a point of diminishing return in terms of development time
allocation.
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2.0 Background

2.1 Context

The research conducted was inspired by the previous studies of Juvrud et al. (2018), Miloff et
al. (2016) and Brice et al. (2021) in terms of the methods and tools used to gather and
structure data. The concept of “polish” and “game feel” (Swink, 2009) helped us create and
define different levels of visual realism, i.e., a scale of realism, that was used to conduct our
experiments. To define what constitutes visual, haptic, and auditory realism in terms of
polish, we considered the “The Four Illusions of VR” (Choong, 2016) as well as how to
create presence as per the guidelines of Don’t Break the Spell (Sparks, 2017).

2.2 Building-blocks of Presence

As technology progresses and hardware becomes more capable of representing ideas in a
more graphically impressive, interactive and realistic way, the distinction between what’s real
and not becomes more vague. There is no doubt that video games are providing an increasing
number of immersive experiences as time passes. With computers becoming more powerful,
new methods arise and old methods are being expanded upon to help developers achieve the
goal of increased presence, i.e., the feeling of “being there” (Gromer, 2018). A fairly new and
growing aspect of that development is VR and one thing this technology improves upon
compared to traditional video games is the concept of presence.

“For VR to be compelling, your brain needs to accept the virtual world as real. At least to the
extent that you’re actually there, not that the things you’re seeing are necessarily real, which
is another discussion.” (Butler, 2022).

As specified by Sparks (2017) “Presence in VR is especially difficult to create, easy to ruin,
and nearly impossible to get back once it’s gone”. Creating a convincing presence requires
many different building-blocks and the way they behave are vital to the player’s conceived
presence. Furthermore, Sparks (2017) defined three of these categories in depth; visual,
auditory, and haptic presence, as well as their sub-categories. For this study, visual presence
was the building-block that was explored. While auditory and haptic presence were not being
tested, their definitions were included to explain more clearly what constitutes presence in a
VE.

2.2.1 Visual Presence

Visual presence consists of both technical and visual sub-categories and is the most important
of the three categories. By properly implementing them in a VE, the chance of players feeling
nauseous (e.g., due to locomotion, tracking and latency issues) is reduced and the chance of
them temporarily accepting the VE as real is increased (Choong, 2016). Choong also brings
up “The Illusion of Self-Embodiment” as one the “The Four Components of Presence” and
explains that one does not need to be in their exact body “to feel and understand things
closer” (2016). Thus, the illusion of self-embodiment is established as a means of building
visual presence.
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Furthermore, Sparks (2017) listed a few sub-categories related to establishing a visual
presence:

● “Locomotion — How do you move around in the virtual space?”
● “Tracking — Where are your head and controllers or hands as they move in and

through the virtual space?”
● “Latency — Does the image move along with your head?”
● “Persistence — Do objects blur as they move?”
● “Resolution — How detailed are the images?”
● “Field of view (FOV) — How much of the virtual world can you see at a time? How

wide and tall is your peripheral vision?”
● “Comfortable eyebox and headphones, with minimal or no cords. Is the headset

light and comfortable enough to be forgotten?” (Spark, 2017).

2.2.2 Auditory Presence

To create a convincing environment, audio can play a big part. The concept of
binaural/stereoscopic soundscapes relays information to the player about the sound source’s
location in relation to the player in a 3D space. If certain audio effects are implemented to
player movement (e.g., tapping noises when the virtual hands bump into other game objects),
auditory presence is increased.

2.2.3 Haptic Presence

This includes small vibrations of the hand controllers indicating when your virtual hand
touches, passes through, or interacts with a virtual object. Admittedly these vibrations aren’t
very apparent, but they communicate small aspects of the experience to the player and might
even notify them of things they can’t hear or see. They engage the brain on yet another level.
In our experiments, haptics were not explored. In a follow-up study however, this might come
in the form of vibrations being felt through physically interacting with the arousal inducing
stimuli (steps, interactions with objects etc.).

2.3 Game Feel & Polish

In the book Game feel: A game designer’s guide to virtual sensation (Swink, 2009), it is
suggested that a “game feel model for interactivity” is a tool to determine more easily what
defines the concept of game feel. While there is no standard definition of game feel, Swink
suggested using three building-blocks: real-time control, simulated space, and polish (2009,
p.2). Real-time control is established by Swink as the first building-block of game feel and he
defined it as “an uninterrupted flow of command” and “precise, continuous control over a
moving avatar” (2009 p.3,4). Secondly, simulated space is defined as the “physical
interactions in virtual space, perceived actively by the player. This means collision detection
and response between a real-time controlled avatar and objects in a game world. It also
means level design” (2009 p.4).

Finally, polish is explained as “any effect that artificially enhances interaction without
changing the underlying simulation” (2009 p.5). Furthermore, polish is by Swink divided into
five types of effect. It is explained that “The end goal for a polish effect is the same in every
case—to convey some sense of the physical properties of an object (weight or mass or
whatever) by offering clues when objects interact and move” (2009, p.155). The five types of
polish are by Swink (2009, p.155) defined as “animation, visual effects, sound effects,
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cinematic effects and tactile effects”.

Given the focus on visual and behavioural enhancements of the player avatar in the
prototypes created for this study, animation as a means of polish was deemed relevant. While
visual and cinematic effects contribute to the building-block of visual presence, they were not
the primary focus of the study and were thus not explored further than what was needed for
the basic simulation to function. Polish effects such as sound and tactile effects were
excluded since they relate more to the other two building-blocks of presence, auditory and
haptic presence. These two building-blocks of presence were not tested in this study.

With the three building-blocks of game feel in mind, Swink’s final definition of game feel is
as follows; “Real-time control of virtual objects in a simulated space, with interactions
emphasized by polish” (2009, p. 6). One intention of this study is to see how improving upon
game feel, specifically in terms of the visual polish in the representation of the player avatar,
affects player presence within our virtual setup. To measure an abstract concept such as
presence, player arousal response is analysed across three prototypes with different levels of
player avatar visual polish.

2.4 Arousal

According to Segen's Medical Dictionary. (2011), “arousal is the constellation of
physiological changes - e.g., increased muscle tension, tachycardia, and secretion of
catecholamines - which help prepare the body for expenditure of a large amount of energy;
also known as the fight-or-flight response”. The reasoning behind implementing a virtual
spider as an arousal inducing stimulus was because it has effectively been used in past studies
with similar setups and goals as a means of bringing out a distinct arousal response in
participants. Juvrud et al. (2018) concluded in their similar study, that participants showed a
heightened arousal response to a virtual spider, in contrast to other virtual objects, such as a
ball and a beetle.

2.5 Scales of Realism

To achieve visual realism from a technical standpoint, Sparks’ (2017) guidelines on achieving
visual presence (see 2.2.1) was taken into consideration. These steps, however, only cover the
technical execution of the set-up, more so than the artistic representation of the in-game 3D
assets. To establish noticeable changes in the levels of polish of the player avatar’s visual
representation (from abstract to realistic) we looked at the scale of realism as proposed by
Ribbens (2008) in his paper Perceived realism in video games.

Ribbens (2008) explained that “A first possible constituent of perceived video game realism,
‘factuality’, refers to the literal congruence between the diegetic world on the computer
screen and the real world of everyday life”. Following that logic, we designed our scale of
polish for the experiment in such a way that it started with an avatar representation that has
little to no coherence with the overall theme and realism level of the virtual room, other
assets, and their visual properties. Then, increasing that realism with each iteration, with the
avatar becoming more and more like what is expected from a human body in terms of how it
looks and behaves.

However, based on the “Uncanny Valley” theory originally presented by Mori (2012), an
interesting counter argument is presented. With the “Uncanny Valley” theory in mind, Slater
et al. (2009) suggested that “should the level of displayed realism improve “too much,” this
could lead to degradation in response, because human observers would be more likely to
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notice small imperfections”. If this statement proves to be true, there is the possibility that the
arousal response in our participants may, to some degree, have been affected by them reacting
to the smaller imperfections of the higher fidelity versions of the player avatar, rather than the
intended stimulus presented to them.

2.6 Summary

A few theories covering different topics of research have been assembled to help structure the
study and to help analyse and explain the nature of the experiments’ final outcomes. The
conducted research of this study was inspired by the previous work of Juvrud et al. (2018),
Miloff et al. (2016) and Brice et al. (2021) (2.1).

Visual presence (2.2) is a concept applicable to VR games and simulations. It is related to the
player’s temporary conviction that the visual stimuli presented to them (in this case, the
objects surrounding them in the VE), have become their new perceived reality. To help grasp
the building-blocks of visual presence, articles by Sparks (2017) and Choong (2016) provide
valuable definitions.

Furthermore, the ambivalent concept of ‘game feel’ (2.3) was considered. While often
defined differently depending on who’s being asked, Swink (2009) summarised it as a
combination of three things: real-time control, simulated space, and polish.

The notion of arousal response (2.4), as explained by Segen's Medical Dictionary. (2011) was
brought up and explained to define the physical response to stimuli that is presented to the
participants throughout the experiments.

To determine a scale of realism (2.5) for the prototypes, Ribbens (2008), Mori (2012) and
Slater et. al (2009) helped define the concept of visual realism through their different
theories.

11



3.0 Method for Data Collection

3.1 Overview

In our experiments, the participants were subjected to a virtual spider with similar attributes
(visuals and movement) to those of a real spider in a VE. The experiment consisted of three
VR prototypes, with three test groups testing one of the prototypes each. Each prototype
improved the visual polish of the player avatar in terms of looks and behaviour (i.e., its
response to player input). The participants were not informed that the correlation between the
visual representation of their player avatar nor that their arousal responses were being tested.
They were however informed that they were going to be exposed to a virtual spider. As visual
polish was increased with each prototype, more body parts (such as arms, hands, fingers,
torso, and legs) were introduced. These body parts allowed for more natural movement
through different animations (e.g., the virtual hands can open and close, and the in-game
character’s legs move when walking or crouching).

Fig 1. Prototype A
Note. Player interacting with spider in
Prototype A.

Fig 2. Prototype B
Note. Player interacting with spider in
Prototype B.

Fig 3. Prototype C
Note. Player interacting with toy car in
Prototype C.
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Their arousal responses were monitored and collected using a galvanic skin response (GSR)
device that was attached to them throughout the VR experiment. Additionally, participants’
willingness to interact with the virtual spider were observed and recorded. The prototypes
were created in the game engine Unity (v. 2020.3.20f1). Approximately 120 hours were
invested from each of the two test conductors into the creation of the three prototypes.
Further, digital art software, namely, Blender (v. 2.9), Photoshop (v. 22.5.1) and Substance
Painter (v. 2021.4.3) was used to either create or modify existing game art assets. C# was
used as the programming language in Visual Studio (v. 2019) for Unity. For source control
purposes, GitHub Desktop (v. 2.9.15) was used. The collection of data was done using
iMotions (v. 9.2), and data analysis was done using Google Sheets and SPSS 20.

The terms ‘participant’ and ‘player’ were used to distinguish between certain nuances in
whether referring to an individual partaking in our study (participant) or referring to an
individual interacting with VR content in general (player), which in extension also included
our prototypes.

3.2 The Three Prototypes

In each prototype, the participant had a few ways that they could control their player avatar.
By walking around the room in real-life (thus moving the VR headset in real physical space),
they could move their in-game player avatar accordingly. The same applied to the two hand
controllers the participant was holding. By moving each controller, the participant also
moved their in-game player avatar’s hands, allowing them to push objects around. For this
experiment, the participant made use of no more than two of the available inputs on each
controller. The ‘Trigger’ and ‘Grip’ buttons” of the controller could both be used to grab
objects presented to the participant. Depending on the prototype being played, initiating a
grab action using these buttons played a different animation based on which input was being
used (‘Trigger’ for pinching and ‘Grip buttons’ for gripping) (3.2.2, 3.2.3). Due to the
positioning of these buttons on the controllers, pressing them and initiating said animations
closely emulated the participant’s actual finger placements. E.g., if the participant gripped the
controller, the ‘Grip’ button was pressed and the player avatar's hands produced a gripping
animation.

It is worth noting, the hands were the only part of the player avatar that had collision boxes,
i.e., they could collide with other objects in the VE, instead of passing through them.
Collision boxes were invisible but created the illusion that the VE had tangibility since it
introduces a layer of intractability between the player avatar and the virtual objects.

3.2.1 Prototype A - Abstract Avatar Representation

The first prototype was visually abstract and did not allow for any intricate movement of the
fingers. The player had no body parts except two rectangular boxes that represented their
hands. Collision boxes for those hands covered the same area as the rectangular boxes and
remained constant. Furthermore, the hands had a grey texture to further disassociate them
from the way a realistic human hand looks. Interactable objects attached to the player’s
virtual hand(s) when grabbed but there were no animations for the hands.
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Fig 4. Prototype A - The Player’s Point of View
Note. A comparison between the player’s hands in Prototype A and their real-life equivalents.

3.2.2 Prototype B - Simplified Humanoid Avatar Representation

The second prototype introduced fingers and simple animation (hands that opened and closed
based on the player pressing a button). Collision boxes for the hands covered a part of the
palm and fingers but did not perfectly represent the shape of the hand. Collision boxes
remained constant. Interactable objects attached to the player’s virtual hand(s) when grabbed
and this resulted in the hands producing grip-like poses (see Fig. 5). The player now had arms
that bended and an upper torso but no legs. All the textures were now more human-like but
they consisted of a solid colour, thus eliminating the finer intricacies of a realistically lit
human hand. If the player reached too far away from the body, the hands detached from the
wrists. Furthermore, inverse kinematic (IK) techniques were utilised to make the avatar’s
elbows bend similarly to the player’s real-world equivalent.

Fig 5. Prototype B - The Player’s Point of View
Note. A comparison between the player’s hands in Prototype B and their real-life equivalents.

3.2.3 Prototype C - Advanced Humanoid Avatar Representation

Finally, the third prototype was the most visually realistic of the three. This time, certain body
parts of the player avatar were created with photogrammetry technology and were, as a result,
of higher fidelity, both in terms of polygon count and amount of detail in the textures (see
Fig.8). The fingers also animated with an increased precision. Collision boxes for the hands
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covered the hand shape more accurately than the previous prototype, with the collision boxes
changing depending on the state of the hand (closed or opened). Interactable objects attached
to the player’s virtual hand(s) when grabbed and this resulted in the hands producing either
grip-like or pinch-like poses (see Fig.7), depending on the player’s controller inputs
(‘Trigger’ or ‘Grip’). Finally, if the player decided to walk around using their real legs, the
player avatar would display a multi-directional walk cycle animation inside of the VE. The
walk cycle animation would change based on what direction the player was walking
(forwards, sideways, diagonally, or backwards). The hands did not detach when the player
reached too far away from their virtual body. For this version, IK techniques were also
implemented to both the player’s virtual elbows and knees.

Fig 6. Prototype C - The Player’s Point of View
Note. A comparison between the player’s hands in Prototype C and their real-life equivalents.

Fig 7. Pinching Pose Fig 8. Lower Body
Note. Player avatar hands producing Note. Player’s point of view as they looked
a pinching pose in prototype C. on their lower body.
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3.2.4 Limitations & Ethical Considerations

Given the short timeframe of the study, every sub-category that together constituted visual
presence were not isolated for in-depth research. While polish related aspects of the player
avatar such as polygon count, texture fidelity and movement capabilities varied between the
tests, it was not possible to conclude exactly which change caused higher arousal responses
without doing more isolated in-depth testing of each parameter. The player avatar’s visual
presence and its effect on player arousal were tested. Furthermore, the use of VR eye tracking
may have supplemented the research by yielding more detailed information on the source(s)
of arousal during the virtual experience. However, such equipment was not accessible during
the time of testing.

In addition, certain compromises were made regarding the player avatar’s virtual body
representation. It is likely that not all participants that tested prototype B & C found the more
humanoid player avatars to be representative of their own identity, in terms of proportions,
skin colour and choice of clothing. In a more elaborate test setting, the possibility of the
participant being able to customise these variables to better suit their identity could be a
considerate and fruitful inclusion. Several factors such as availability, convenience, time
restrictions and performance, were taken into consideration when the choice of 3D models
were chosen.

A consent form was filled out by the participant prior to the experiment, informing them
about the spider and the fact that they would be interacting with it, as well as collecting their
consent to partake in the study. They were also informed that they could withdraw from (or
pause) the experiment at any point, without having to provide a reason. The consent form
also provided information about the data collection methods in use and that the participants’
personal information would be dealt with in accordance with GDPR standards. Each
participant was provided with a personal copy of the consent form that also contained the
contact information of the test conductors, in case the participant wanted to reach out and
have their data excluded from the study. All data was anonymized and no personal
information was connected to the identity of the participants.

3.3 Test Groups

We wanted to avoid situations in which data accuracy diminished due to participants
becoming desensitised after a prolonged exposure to the arousal stimuli. Thus, we created
different test groups for each level of player avatar polish. That way, we could collect the
average data points from each group and more accurately study the results. To keep the
sample groups as homogenous as possible in relation to their arousal response to spiders, the
groups were randomised. Given the timeframe, the test groups contained as many participants
as possible and each group contained the same number of participants (N = 12 adults). Any
participant that had an extreme reaction that deviated too much from the rest, could be
considered an anomaly and removed from the results. The collected data mapped out arousal
responses at each level of polish (one per test group), showing averages of arousal that we
speculated were different. By comparing that data, we were able to make conclusions on the
effects of polish in terms of player avatar representation, and its correlation to player arousal
levels.

The testing took place in Campus Gotland’s VR room with tools provided by the Game
Design Department of Uppsala University. The participants were above 18 years of age and
had to give consent to the test before being exposed to it. Participants were primarily
collected through advertising, both locally in Visby and online through local Discord servers
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(social communication platform). The original estimate for an optimal number of participants
across all three prototypes was in the range of 25-35 people, although 10-15 people was
deemed acceptable. This estimation was done with consideration to the time frame available
for the study.

3.4 Data Collection Tools

To monitor and collect data in relation to the players’ arousal responses throughout the VR
experience, a GSR/heart rate monitoring device (iMotions Shimmer3-1B0F) was strapped to
the non-dominant arm of the participant to increase comfort and mitigate distraction. Three
sensors were attached to three different parts of the participant's body. Two sensors on the
participant’s fingers (middle ring finger and pinkie finger) measured the GSR data.
Throughout the experience, the willingness of the participant to engage with the spider in
terms of their proximity, and interaction level were also observed. The collection of data
related to arousal was done through a combination of hardware and software developed by
iMotions.

3.4.1 Galvanic Skin Response

The GSR monitoring device recorded changes in electrical phasic activity (peaks and
declines) that were caused by sweat glands autonomously producing sweat in relation to
arousal inducing stimuli. Farnsworth (2018) explained that “changes in phasic activity can be
identified in the continuous data stream as these bursts have a steep incline to a distinctive
peak and a slow decline relative to the baseline level”.

From the collected GSR data of each participant, three data variables were extracted for
further analysis. First, peak count (pc), refers to the number of peaks of the GSR electrical
activity for a set period. Secondly, peaks per minute (ppm), indicates the average frequency
of peaks per minute recorded for a set period. Thirdly, mean peak amplitude (amp), refers to
the average peak height of the electrical activity for a set period.
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3.5 Test Overview & Process

This section presents the process of the experiment from start to finish, in an attempt to build
a model that could be replicated for future studies.

3.5.1 Participant Consent

Once a participant arrived at the testing location, they were given a participation ID. Then
they were asked to fill out a digital consent form that covered the contents of the experiment
and were finally asked to sign two additional physical copies (see Appendix A). By signing
the consent form, they agreed to being exposed to a virtual spider in a VE while having data
related to their bodily arousal (GSR) collected. This also helped us exclude anyone we may
not have wanted to expose to the tests because of ethical reasons (i.e., diagnosed
arachnophobes). The participants were informed that the experiment could be stopped or
paused by them at any time, without them having to provide a reason why.

3.5.2 Preparation

Once the shimmer device was attached to the participant and properly connected to the
iMotions software on a PC, tests were made to make sure the arousal values were being read
properly. Next, the HTC Vive Pro 2 headset was placed on the participant’s head and adjusted
for comfortability. While in VR, the participant found themself standing in SteamVR Home,
an interactive hub area that can launch games. In this area, the participant had time to get
accustomed to the novelty of VR while also being able to reset their standing position to
better accommodate their real-life height. At this time, instructions on how to use the VR
controllers were given.

Based on the participant’s participation ID, one of the prototypes was launched and the
participant found themself in front of a table, within the VE of the prototype. Every time a
new participant partook in the experiment, the next-in-line prototype was selected. This
cycling of prototypes was used as an attempt to randomise the test group participation as
much as possible. Once placed in VR, the participant was instructed to not interact with any
of the virtual objects placed upon the table. Instead, they had approximately 1 minute to
observe the room, the virtual objects, their player avatar and get accustomed to controlling
their virtual body. Comparable data was collected by measuring the participants’ arousal
responses as they performed similar tasks on the two distinct stimuli. They interacted with a
toy car at first (used as a control stimulus), which was replaced with a spider at a later point
in the experiment. This allowed the participants to further familiarise themselves with the VR
controls before they interacted with the spider which was aimed at bringing out a heightened
arousal response compared to the toy car.
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3.5.3 Inside the VR Simulation

The participant was presented with a table on which they could find a wooden stick and a
glass container trapping a moving object (the main stimulus). The simulation started with a
wooden toy car (neutral control stimulus) trapped in a glass container. At a later point, the toy
car was replaced with a spider (meant as a higher arousal inducing stimulus). The toy car and
the spider shared the same mechanical characteristics, i.e., movement behaviour, speed, and
collision detection. The only difference between the two game objects was the way they were
visually presented, i.e., their models, textures, and animations.

Fig 9. Toy Car Fig 10. Virtual Spider Fig 11. Eratigena Atrica
Source: Copyright 2011
by Parent, G.

Both the toy car and the spider used a pathfinding algorithm to remain on the table, i.e., if
they reached the specified end of the navigation area set on the table, they would select a new
point on the table to walk towards. The same principle was applied if either stimulus collided
with the glass container, stick or the player’s virtual hands. Collisions with the stick and
hands, however, resulted in an instant change of destination from the stimuli, while collision
with the glass container generated a slower response. This was implemented in an attempt to
capture a more sporadic behavioural pattern of the spider, which enhanced the illusion of it
being a real, living arachnid.

The toy car and spider also shared a few similar visual attributes such as colour and scale.
The 3D models of the two stimuli were chosen based on convenience and performance. The
spider is modelled after the giant house spider (Eratigena Atrica) species of spiders, one that
is common in Sweden where the study was conducted. Compared to the toy car, which did
not display any animations while moving, the spider displayed a full body walking animation.

The room itself was a neutral interrogation room with muted colours and fluorescent type
lights in the ceiling that illuminated the room. This particular room was selected as an attempt
to avoid scenarios where participants would become distracted by other stimuli, i.e., vibrant
colours. The two game objects would respawn on the table if the participant were to throw or
place them on the floor. To increase visibility, the table’s colour was chosen in a way to
increase contrast between the two stimuli and the surface that they drove or walked on.
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Fig 12. Table with Objects
Note. The participant found themself in
front of a table with a wooden stick, glass
container and wooden toy car on top of it.

A set of commands (see Appendix B) were provided, and the participant was asked to
comply as closely as possible. One of the test conductors provided commands verbally to the
participant while the other test conductor controlled the virtual simulation and placed event
markers in the iMotions software at events deemed interesting for observation.

3.5.4 Event Markers

Several events, related to the different instructions given to the participant, were highlighted
throughout the test. Every time one of these events occurred, an event marker was placed on
the recorded timeline. These event markers helped visualise what caused certain spikes in
relation to the recorded GSR data and divided the experiment into different sections. Each
type of event marker was given a specific colour to distinguish them more easily on the
timeline.

The markers could be summarised as the following:
Table 1. Description of Event Markers

Touch
(Blue)

Whenever the participant touched the toy car or spider with the stick or their
virtual hands.

Pick-Up
(Orange)

Whenever the participant picked up the toy car or spider.

Drop
(Red)

Whenever the toy car or spider was dropped on top of the participant
(controlled by the test conductors).

Switch
(Pink)

When the simulation switched the main stimulus presented from a toy car to a
spider.

Anomaly
(Green)

Whenever something out of the ordinary happened (e.g., a computer
glitch/malfunction or unwanted external interference) that may have influenced
the participant’s arousal.
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Fig 13. Event Markers
Note. Event markers placed on the timeline inside of iMotions.

3.5.5 Final Questionnaire

When the experiment was completed or stopped, participants were asked to fill out a data
collection form with a general anxiety disorder test (GAD-7) and a fear of spiders
questionnaire (FSQ) (Szymanski & O’Donohue, 1995, p.32-33) included. This collected
useful information about the participants, mapped out their perceived fear of spiders and
helped determine if any participants may have had higher sensitivity to the virtual spider.
There were also questions related to the participant's sensitivity towards motion sickness so
that the individuals that yielded unreliable arousal responses due to nausea could be
pinpointed. The questionnaire also collected information regarding the participant’s past VR
experiences as well as the amount of time they spent playing video games on a weekly basis
(see Appendix E).
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4.0 Results

4.1 Results Introduction

In a virtual interrogation room, a participant was provided with instructions to interact with
two different stimuli with identical behaviours: a toy car and a spider. Their player avatar
looked and behaved differently depending on what test group they belonged to. When
exposed to either stimulus, observations were made by the test conductors to see whether
having a virtual body that more closely represented the participant's real-life equivalent made
them feel more or less engaged with the stimulus and its surroundings. Their arousal response
was collected through GSR and their behaviours were monitored to answer the research
question:

“How do different visual representations of a player avatar in virtual reality affect
player arousal?”

The intended outcome when developing the initial stages of this study was to set it up in such
a way that allowed the collection of comparable variables across the different prototypes.
Considerations were made to ensure that the data would have accuracy and integrity in
relation to the posed research question. By assembling the gathered results in spreadsheets,
both empirical data (such as different GSR values) and observations done through video and
audio recordings of the participants’ behaviour, the different variables were compiled for the
sake of creating charts that suggest certain correlations (see Appendix E).

4.2 Test Groups & Participant Statistics

During 5 days of testing, a total of 36 individuals participated across 3 different test groups.
The age of the participants ranged between 19-34 years and the mean age of the participants
was 24 years. Each test group contained 12 participants. In total, 27 of the participants were
male and 9 were female.

4.2.1 GAD-7 & FSQ Scores

The mean participant score on the GAD-7 test was 5,72 out of 21 which for an individual,
would classify as having mild anxiety disorder. GAD-7 score distribution is reported (see
Table 2).

Table 2. GAD-7 Score Distribution
Total

Level of
Anxiety

No Anxiety
Disorder

(0-4)

Mild Anxiety
Disorder

(5-9)

Moderate
Anxiety
Disorder
(10-14)

Severe Anxiety
Disorder
(15-21)

Number of
Participants

20 8 5 3
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The mean participant score on the FSQ was 41,8 out of 126. This score is comparable to an
arachnophobe that has gone through treatment to decrease the intensity of their
arachnophobia. The FSQ score values’ correlation to degrees of spider fear are based on a
FSQ analysis done by Muris, P. & Merckelbach, H. (1996). FSQ score distribution was
reported (see Table 3).

Table 3. FSQ Score Distribution
Total

Self-reported Fear of
Spiders

Non-Arachnophobe
/ Slight Fear of

Spiders (18 - 39,8)

Arachnophobes
After Treatment*

(39,9 - 89,0)

Arachnophobe
(89,1 - 126)

Number of
Participants

22 10 4

Note. *The participants that partook in this study were never asked if they had gone through
any type of arachnophobia treatment. This score range is only a comparison to the
arachnophobes in Szymanski’s & O’Donohue’s (1995) study that were reported to have a
lower score after experiencing treatment for their arachnophobia.

4.2.2 Test Group A: Abstract Avatar Representation (Prototype A)

The mean age of group A was 22,8 years. Out of the participants, 11 were male and 1 was
female. Average amount of VR experiences reported in the past was 1-10 times among the
participants. The mean weekly time range playing any type of video game reported was
10-20 hours. Across Group A’s participants, 58,3% expressed that they did not easily become
motion sick while travelling in a vehicle, while the remaining 41,6% answered the opposite.
When asked if they had experienced nausea in VR before, 50% disagreed, 41,6% agreed and
8,3% had not experienced VR before. The mean GAD-7 score of test group A was 5,67 out of
21 which for an individual, would classify as mild anxiety disorder. Based on the
self-reported responses about their own perceived fear of spiders, the participants of group A
had a mean FSQ score of 44,7 comparable to an arachnophobe that has gone through
treatment to decrease the intensity of their arachnophobia. GAD-7 and FSQ score
distributions were reported (see Table 4 & Table 5).

Table 4. Group A GAD-7 Score Distribution
Group A
Level of
Anxiety

No Anxiety
Disorder

(0-4)

Mild Anxiety
Disorder

(5-9)

Moderate
Anxiety
Disorder
(10-14)

Severe Anxiety
Disorder
(15-21)

Number of
Participants

7 3 1 1

Table 5. Group A FSQ Score Distribution
Group A

Self-reported Fear of
Spiders

Non-Arachnophobe
/ Slight Fear of

Spiders (18 - 39,8)

Arachnophobes
After Treatment

(39,9 - 89,0)

Arachnophobe
(89,1 - 126)

Number of
Participants

6 5 1
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4.2.3 Test Group B: Simplified Humanoid Avatar Representation (Prototype B)

The mean age of group B was 24,8 years. Out of the participants, 7 were male and 5 were
female. On average, the participants had experienced VR in some form somewhere between
1-10 times in the past. Average amount of VR experiences reported in the past was 1-10
times among the participants. The mean weekly time range playing any type of video game
reported was 5-10 hours. Across Group B’s participants, 50% expressed that they did not
easily become motion sick while travelling in a vehicle, while the remaining 50% answered
the opposite. When asked if they had experienced nausea in VR before, 58,3% disagreed,
16,6% agreed and 25% had not experienced VR before. The mean GAD-7 score of test group
A was 7,08 out of 21 which for an individual, would classify as mild anxiety disorder. Based
on the self-reported responses about their own perceived fear of spiders, the participants of
group B had a mean FSQ score of 44,2 comparable to an arachnophobe that has gone through
treatment to decrease the intensity of their arachnophobia. GAD-7 and FSQ score
distributions were reported (see Table 6 & Table 7).

Table 6. Group B GAD-7 Score Distribution
Group B
Level of
Anxiety

No Anxiety
Disorder

(0-4)

Mild Anxiety
Disorder

(5-9)

Moderate
Anxiety
Disorder
(10-14)

Severe Anxiety
Disorder
(15-21)

Number of
Participants

5 3 3 1

Table 7. Group B FSQ Score Distribution
Group B

Self-reported Fear of
Spiders

Non-Arachnophobe
/ Slight Fear of

Spiders (18 - 39,8)

Arachnophobes
After Treatment

(39,9 - 89,0)

Arachnophobe
(89,1 - 126)

Number of
Participants

8 1 3

4.2.4 Test Group C: Advanced Humanoid Avatar Representation (Prototype C)

The mean age of group C was 22,4 years. Out of the participants, 9 were male and 3 were
female. Average amount of VR experiences reported in the past was 1-10 times among the
participants. The mean weekly time playing any type of video game reported was 10-20
hours. The mean weekly time range playing any type of video game was 5-10 hours. Across
Group B’s participants, 75% expressed that they did not easily become motion sick while
travelling in a vehicle, while the remaining 25% answered the opposite. When asked if they
had experienced nausea in VR before, 58,3% disagreed, 33,3% agreed and 8,3% had not
experienced VR. The mean GAD-7 score of test group A was 4,42 out of 21 which for an
individual, would classify as no anxiety to mild anxiety disorder. Based on the self-reported
responses about their own perceived fear of spiders, the participants of group C had a mean
FSQ score of 36,7 comparable to a non-arachnophobe / person with slight fear of spiders.
GAD-7 and FSQ score distributions were reported (see Table 8 & Table 9).
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Table 8. Group C GAD-7 Score Distribution
Group C
Level of
Anxiety

No Anxiety
Disorder

(0-4)

Mild Anxiety
Disorder

(5-9)

Moderate
Anxiety
Disorder
(10-14)

Severe Anxiety
Disorder
(15-21)

Number of
Participants

8 2 1 1

Table 9. Group C FSQ Score Distribution
Group C

Self-reported Fear of
Spiders

Non-Arachnophobe
/ Slight Fear of

Spiders (18 - 39,8)

Arachnophobes
After Treatment

(39,9 - 89,0)

Arachnophobe
(89,1 - 126)

Number of
Participants

8 4 0

4.3 Collected GSR Data

By using the GSR monitoring device, data was collected across the entire VR experience and
compiled in a way that showed the three collected GSR variables (pc, ppm & amp, see 3.4.1)
across stages delimited by the placed event markers (see 3.5.4). The event markers were used
to divide the experiment into different interaction stages (see Table 10) based on the tasks
provided to the participant.

Table 10. Interaction Stages
Total For the duration of the entire interaction with a stimulus.

Stick For the duration of the interaction with a stimulus, while using the stick.

Hands For the duration of the interaction with a stimulus, where the participant used
their hands to stop it in its path (doesn’t include pick-up stage).

Pick-Up For the duration of the interaction with a stimulus, where the participant used
their hands to stop it in its path (doesn’t include pick-up stage).

Drop For the duration in which the participant experienced the stimulus being
dropped on them.

Depending on what stimulus was being interacted with, either C or S (toy car or spider) were
added as a prefix to the variables, e.g., “C_pc_total” (total amount of GSR peaks during the
entire toy car interaction).
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The following is a list of the compiled data variables across all participants without prototype
distinction:

Table 11. Peak Count
Peak Count

(PC)
PC Total PC Stick PC Hands PC Pick-Up PC Drop

Car (C) C_pc_total C_pc_stick C_pc_hands C_pc_pick-up C_pc_drop

Spider (S) S_pc_total S_pc_stick S_pc_hands S_pc_pick-up S_pc_drop

Table 12. Peaks Per Minutes
Peaks per
Minute
(PPM)

PPM Total PPM Stick PPM Hands PPM Pick-Up PPM Drop

Car (C) C_ppm_total C_ppm_stick C_ppm_hands C_ppm_pick-up C_ppm_drop

Spider (S) S_ppm_total S_ppm_stick S_ppm_hands S_ppm_pick-up S_ppm_drop

Table 13. Peak Amplitude
Peak

Amplitude
(Amp)

Amp Total Amp Stick Amp Hands Amp Pick-Up Amp Drop

Car (C) C_amp_total C_amp_stick C_amp_hands C_amp_pick-up C_amp_drop

Spider (S) S_amp_total S_amp_stick S_amp_hands S_amp_pick-up S_amp_drop

4.3.1 Toy Car vs. Spider

Throughout the entirety of the interaction with each stimulus, tests showed that interacting
with either the toy car or the spider did not have any significant difference in the produced
GSR signal (pc_total, ppm_total or amp_total), across all participants. Total means for these
measures were recorded (see Table 14).

Table 14. Total GSR Data Means by Stimuli

PC Total Mean (SD) PPM Total Mean (SD) Amp Total Mean (SD)

Car 19,97 (12,8) 6,5 (3,85) 10,144 (11,58)

Spider 18,9 (12,9) 6,2 (3,4) 11,3 (10,67)
Note. SD refers to standard deviation.

Results from t-testing showed a significant difference between peak mean amplitudes for the
‘car drop’ compared to the ‘spider drop’ interaction stage, t(23) = 2.97, p = .007, with ‘spider
drop’ producing higher peak amplitudes across all participants (C_amp_drop < S_amp_drop).
A near-significant difference was found between amplitudes for ‘car pick-up’ and ‘spider
pick-up’ interaction stages, t(23) = 1.36, p = .092, and peaks per minute between ‘car hand’
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and ‘spider hand’ interaction stages, t(22) = -1.33, p = .098. Picking up the spider resulted in
higher mean amplitudes than doing the same to the toy car (C_amp_pick-up <
S_amp_pick-up), while stopping the toy car with the hands resulted in a higher mean ppm
than doing so to the spider (C_ppm_hands > S_ppm_hands). Means for these measures
(amp_drop, amp_pick-up & ppm_hands) were recorded (see Table 15).

Table 15. Amp Drop, Amp Pick-Up & PPM Hands Means by Stimuli

Amp Drop Mean (SD) Amp Pick-Up Mean (SD) PPM Hands Mean (SD)

Car 17,69 (18,33) 11,06 (12,24) 7,33 (4,174)

Spider 32,48 (31,74) 14,53 (16,47) 6,73 (3,45)
Note. SD refers to standard deviation.

4.3.2 GSR Variable Breakdown by Prototype

Results from one-way ANOVA testing showed no significant difference in nearly all GSR
measures (pc, ppm & amp throughout the different interaction stages), between Prototypes A,
B and C. An interesting observation, however, is that a significant difference was found
between toy car and spider mean amplitudes across all interaction stages of prototype C, t(7)
= 2.36, p = .050. Thus, prototype C yielded a more pronounced difference in GSR amplitudes
in general, than the two other less visually polished prototypes. Additionally, it is worth
noting that while these amplitude values in prototype C seemed to be higher with spider
interaction across most interaction stages, this was not the case across the ‘Stick’ stage
(C_amp_stick > S_amp_stick). GSR amplitude means across prototypes were recorded (see
Table 16).

Table 16. GSR Amp Data by Interaction Stage & Stimuli across Prototypes

Prototype A Prototype B Prototype C

Amp Total
Car Mean (SD) 11,58 (15,53) 9,87 (10,12) 8,55 (7,06)

Spider Mean (SD) 9,7 (10,3) 10,88 (11,87) 14,27 (10,44)

Amp Stick
Car Mean (SD) 12,96 (18,4) 9,08 (9,18) 11,16 (7,81)

Spider Mean (SD) 13,31 (16,18) 10,13 (9,15) 4,84 (3,08)

Amp Hands
Car Mean (SD) 15,3 (17,34) 9,73 (8,67) 5,67 (3,59)

Spider Mean (SD) 9,25 (11,1) 10,07 (6,04) 10,52 (10,36)

Amp
Pick-Up

Car Mean (SD) 10,57 (13,86) 13,37 (13,15) 9,3 (9,19)

Spider Mean (SD) 12,81 (16,2) 15,95 (18,68) 15,69 (16,24)

Amp Drop
Car Mean (SD) 19,05 (16,26) 13,54 (17,14) 21,69 (23,86)

Spider Mean (SD) 32,85 (30,21) 32,11 (39,05) 32,36 (29,21)
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4.3.3 FSQ Effect on GSR Readings

We utilised Linear Mixed-Effects modelling (LMM) using SPSS 20 to handle both repeated
task-level data, as well as repeated measures of the toy car or spider condition. LMM was
determined to be more appropriate than repeated measures analysis of variance
(RM-ANOVA), as LMM is a robust modelling framework for the analysis of repeated
trial-level data when there are variable contributions from each participant (e.g., missing
data) (McCulloch, 2011). Thus, instead of determining an arbitrary cut-off for excluding
individuals with low trial data, we were able to consider all available data. GAD-7 and FSQ
scores were significantly correlated between each other (see Table 17). FSQ was determined
more useful by the LMM algorithm and was thus used for further correlation analysis with
the GSR data.

Table 17. GAD-7 & FSQ Correlation

GAD-7 FSQ

GAD-7 Pearson
Correlation

1 ,426**

Sig. (2-tailed) ,010

N 36 36

Note. **Correlation is significant at the 0.01 level (2-tailed).
Yellow highlights data of importance.

LMM showed a main effect of FSQ over ppm, F(46.61) = 6.34, p =.015, and a superseding
three-way interaction between prototype, interaction stage, and FSQ, F(109.92) = .979, p
=.049. A main effect of FSQ over pc & amp was also found (p < .05).
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4.4 Behavioural Data

Certain observations were made regarding how the participants approached interacting with
the toy car and spider stimuli based on the instructions they were given. By analysing the
recorded footage of each test, 14 different behaviours (7 per stimulus) were measured (see
Table 18). When interacting with the toy car (C) and spider (S), the participant was not
informed that their behaviour was being monitored.

Table 18. Behaviour Variables
Hesitation Count* Number of times the participant hesitated to follow the given

instructions.

Back-Away Count Number of times the participant hesitated to follow the given
instructions.

Glass Hand Count Number of hands used to interact with the glass container.

Stick Grab Location* Location at which the stick was grabbed when asked to hold it
and touch the stimulus with it.

Hand Touch Count Number of hands used to interact with the stimulus.

Hand Block Attempted Whether the participant tried blocking the stimulus with both
hands.

Grab Proximity Distance at which the stimulus was held away from the body.

Note. *Although data was collected for all these behaviours, both “Hesitation Count” and
“Stick Grab Location” were deemed measures of interest as they showed significant
differences from data analysis testing. For data collected from all behaviours (see Appendix
C).

Observations were made regarding the participants’ willingness to comply with the given
instructions. Instances of hesitations were thus recorded when interacting with each stimulus.
Each audible discontentment or delayed action (more than 1 second) from the participants
were counted as an instance of hesitation. Means and standard deviations of hesitations were
reported (see Table 19). The results from the t-tests showed a significant difference between
the spider and toy car in hesitation for all participants, t(35) = -3.75, p < .001. A significantly
superior number of hesitations is observed when interacting with the spider compared to the
toy car (spider hesitation mean > toy car hesitation mean). While there was some difference
in reported “Hesitation Count” means between the toy car and spider across prototypes,
results from t-tests showed no significant difference across prototypes A and B. In contrast a
significant difference was found in prototype C, t(11) = -2.93, p < .0134.
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Table 19. Hesitation Mean by Stimuli across Prototypes

Prototype A Prototype B Prototype C

Hesitation Count
Car Mean (SD) 0,25 (0,45) 0,583 (1,66) 0,083 (0,277)

Spider Mean
(SD)

1,33 (1,97) 1,33 (2,29) 1,75 (2,14)

Note. SD refers to standard deviation.

When asked to grab the stick, it was noted which part of the stick was grabbed by the
participant when interacting with each stimulus (1 = tip of the stick, 2 = close to the tip, or 3=
middle or front of the stick). Means and standard deviations of the “Stick Grab Locations”
were reported (see Table 20). Results from a two-way ANOVA and Post Hoc test showed a
significant difference in “Stick Grab Location” for the spider, and not the toy car, across the
prototypes, F(35) = 5.46, p = .009. As we switch from prototype A to B then C, a significant
change was noted regarding where the participant decides to grab the stick when interacting
with the spider (Prototype A “Stick Grab Location” spider mean > Prototype B “Stick Grab
Location” spider mean > Prototype C “Stick Grab Location” spider mean). Additionally, in
the more visually advanced prototype C, participants more often grabbed the very tip of the
stick, rather than holding the middle or the front of the stick for both interactions with the toy
car and spider.

Table 20. Stick Grab Location by Stimuli across Prototypes

Prototype A Prototype B Prototype C

Stick Grab
Location

Car Mean (SD) 2,416 (0,79) 2 (0,76) 1,66 (0,85)

Spider Mean (SD) 2 (0,74) 1,583 (0,65) 1,16 (0,44)

Note. ‘Stick Grab Location’ on a scale from 1-3 (1 = tip of the stick, 2 = close to the tip, or 3
= middle or front of the stick). SD refers to standard deviation.
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5.0 Discussion

5.1 A Closer Look at GSR

The study effectively shows physiological differences in the autonomous arousal response
generated by the two stimuli (toy car & spider) across all participants of prototype A, B & C,
during certain stages of interaction. Across the entire interaction with either the toy car or
spider, no significant differences in the participants’ mean values of peak count, peaks per
minute, or amplitude (see Table 14) were discovered. The participants did, however, show
near significant differences during the ‘Hands’ and ‘Pick-up’ interaction stages, and
significant differences during the ‘Drop’ interaction stage (see Table 15). When interacting
with the spider during these more hands-on interaction stages, participants displayed nearly
significant higher amounts of GSR peaks per minute and GSR amplitudes for the ‘Hands’ and
‘Pick-up’ interaction stages respectively, and significantly higher GSR amplitudes for the
‘Drop’ interaction stage compared to the toy car stimulus. This suggests that the participant’s
arousal response is affected by the stimuli and differs depending on the type of interaction
they are carrying out.

When looking for an effect caused by the visual polish levels of the prototypes (A, B & C) on
arousal response, there were mostly no significant differences (see 4.3.2). This goes against
what we had originally theorized would be the outcome of enhanced visual polish across
prototypes (see 1.2). One possible reason for this outcome, could be that too much focus was
placed on “polish”, rather than “simulated space” and “real-time control” (Swink, 2009) (see
2.3). While we did change the intricacy of the collision properties of the player avatar across
prototypes, it only applied for the player avatar’s hands (see 3.2). In the study conducted by
Miloff et al. (2016) that inspired our study in terms of the method used, a spider that could
crawl on different parts of the body of the player avatar (e.g., the arms and neck), was
implemented. If similar intricacies in interaction possibilities had been added to the player
avatars of prototypes B & C, it is possible that the “simulated space” aspect of game-feel
(Swink, 2009) would have improved and possibly yielded more variance in the GSR readings
across prototypes.

Arousal response did not seem to significantly increase across all GSR variables when
improving visual polish of the player avatar. This may indicate that visual polish of the player
avatar might not play as big a role as we had originally thought in increasing physiological
arousal response, and perhaps subsequently, visual presence. Similarly, differences in arousal
responses between interactions with the toy car and spider did not seem to increase
significantly when iterating through the prototypes. The only exception to this case was GSR
amplitude response for participants in prototype C.

Prototype C showed interesting and surprising results in terms of the produced GSR
amplitude data when compared to the results of prototype A & B. Unlike the first two
prototypes, participants experiencing prototype C showed a significant difference in GSR
amplitude values between interactions with the toy car & spider (see 4.3.2 & Table 14). GSR
amplitude differences were evidently more pronounced in prototype C compared to the
others, with ‘S_amp’ (spider amplitude) values being nearly all significantly superior to
‘C_amp’ (car amplitude) values (see Table 16). This suggests that at higher visual polish
levels of the player avatar, some physiological arousal responses become more apparent,
possibly even appearing at certain thresholds of said visual polish. Another argument could
be made that the “Uncanny Valley” effect (Mori, 2012), may have increased the GSR
amplitude readings, in the more realistic prototype C, due to a sense of unease resulting from
the player avatar failing to convince the participant in its representation of a realistic human
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body (see 2.5). However, if that is the case, those heightened readings would not likely only
be limited to the ‘S_amp’ values but would include ‘C_amp’ values which is not the case.
Due to this, the heightened GSR amplitude values of prototype C are perhaps instead, a result
of the participant feeling a “congruence between the diegetic world on the computer screen
and the real world of everyday life” (Ribbens, 2008).

On another note, there was only one exception to the heightened ‘S-amp’ values, namely
‘S_amp_stick’ (GSR amplitude when using the stick to interact with the spider). This GSR
variable was significantly lower than ‘C_amp_stick’ (GSR amplitude when using the stick to
interact with the toy car). While surprising at first because of its opposition to the other
results discussed in this section, the results of ‘S_amp_stick’ might be connected to certain
behavioural patterns of the participants that were observed.

5.2 Behaviours, Observations & Patterns

Observations of the participants’ choices and compliance when going about completing
certain tasks, resulted in some noteworthy findings. E.g., as the visual polish of the player
avatar was increased, a significant change was noted regarding where the participants decided
to grab the stick. Participants seemed to create more distance between themselves and the
spider by grabbing the very end of the stick in the more visually advanced prototypes (see
Table 20). This could explain the deviating nature of the ‘S_amp_stick’ variable in prototype
C (see 5.1), given its lower value compared to ‘C_amp_stick’ (an unexpected result when
looking at the other ‘S_amp’ and ‘C_amp’ values in prototype C). Holding the stick from the
tip, increasing the distance between the participant and the stimuli, may have created a sense
of security for the participants when interacting with the spider. Subsequently, this may have
resulted in such a low amplitude variable value compared to the other amplitude variable
values in prototype C.

Additionally, grabbing the stick closer to the tip as the polish level increases between
prototypes may demonstrate a correlation between accuracy of player avatar representation,
sense of identity, and the precision of actions taken. A participant using a player avatar with
no fingers or animations for holding, might not think about the exact manner they will hold
the stick. Another participant with those capabilities for their player avatar may feel more in
control and thus use their virtual limbs with more accuracy and intention.

The amount of hesitation instances in relation to stimuli interactions, offer further
reaffirmation of the spider’s effectiveness in triggering an arousal response, when compared
to the toy car. A significant difference was found in hesitation instances between the toy car
and spider, with the spider leading to more instances of hesitation amongst all participants
(see Table 19). In addition, a significant difference was found in prototype C while the same
cannot be said for prototypes A & B. This same pronounced difference was noticed with GSR
amplitude means for prototype C. While this could be due to the small sample size of the
study, participants in prototype C had the lowest mean FSQ score, which is a point that
should be taken into consideration (see Table 9). This suggests that the higher amount of
hesitation instances was instead, a result of improved visual polish (Swink, 2009) and a
heightened sense of visual presence in terms of its sub-categories locomotion, tracking &
resolution (Sparks, 2017) (see 2.2.1).
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5.3 FSQ Impact on Arousal

The goal of this study was to explore how increasing the visual polish of the VR player avatar
affects player arousal in VR and, in extension, explore how increased visual polish of the
player avatar relates to a player’s perceived visual presence. While significant positive
differences in arousal response results were generated by the prototypes, FSQ was found to
have a stronger, significant positive effect on these readings. It seems a higher FSQ score
translates to higher mean GSR variables across all participants. It is logical that a participant
who is more fearful of spiders, produces heightened arousal readings when exposed to a
virtual spider. The reason why this also applies to arousal readings when exposed to the toy
car might be due to the participants being warned about the presence of a virtual spider in the
consent form. This might have had an impact on the GSR values measured during exposure
of the toy car, due to them anticipating the spider. A take away from these results is that no
matter how visually accurate the player avatar is to the player’s real body when interacting
with a stimulus, their arousal response seems to be more significantly affected by any
pre-existing receptiveness to said stimulus.
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6.0 Conclusion

6.1 Research Summary

We set out to answer the following question:

“How do different visual representations of a player avatar in Virtual Reality affect
player arousal?”

This was done in an attempt to provide useful results and insights for VR developers into how
visual polish of the player avatar could affect the amount of presence felt by a player in VR,
thus helping them make decisions when implementing player avatars. To accomplish that, we
focused on exploring visual presence by exposing three test groups to three separate
prototypes. We effectively built three prototypes with increasing amounts of visual polish of
the player avatar. In addition, we set up a groundwork that can benefit future studies wanting
to explore similar topics, such as how the inclusion of auditory and haptic elements to the
player avatar affects presence.

Arousal response (GSR) helped us demonstrate effects of certain differences across
prototypes on the participant’s physiological reactions. E.g., in prototype C, interacting with
the spider produced significantly higher GSR amplitudes compared to the toy car. Measuring
GSR also provided a valid way to make assumptions regarding the level of presence
experienced across the prototypes.

The use of a virtual spider was effective in triggering a greater arousal response when
compared to the toy car, in all prototypes. This was relevant when doing certain comparisons
between GSR data and behavioural data as some effects of improved visual polish were more
visible when comparing reactions to both the toy car as the neutral control stimulus and the
spider as a more active stimulus. Although the research question focuses on arousal response,
behavioural patterns also emerged from the experiments, making for some interesting
discoveries in relation to a sense of self-embodiment of the player avatar. E.g., participants in
the more visually advanced prototypes tended to further distance themselves from the spider
by grabbing the stick by the very tip when engaging with the spider.

Higher scores on the self-reported spider fear questionnaire (FSQ), strongly correlated with
an increase in all the measured GSR values (peak count, peaks per minute, amplitude) with
both stimuli across all the prototypes. While this was not intended, it does have a logical
explanation. While it was our intention to design the prototypes in a way that would garner
the biggest variance in GSR readings across prototypes, participants’ fear of spiders had a
stronger effect on GSR values than the prototypes themselves. Thus, the sense of visual
presence is possibly overshadowed by the inherent fear of spiders in certain participants.

6.2 Continued Research

In this study, only visual stimuli were provided as a means of triggering arousal responses
from the participants. This was done to encapsulate the essence of ‘visual presence’ (see
2.2.1), one of the building-blocks of ‘presence’ as presented by Sparks (2017). Higher levels
of presence can be achieved by introducing the other two building-blocks, i.e., auditory, and
haptic presence. Given the scope of this study, these other two building-blocks of presence
were excluded. However, a similar study with slight modifications could possibly yield
interesting results in terms of how the overall presence in VR is affected by exposing
participants to varying levels of polished audio and haptic feedback. In these hypothetical
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studies, the visual stimuli such as the environment and player avatar would logically have to
remain a constant across all prototypes. That way, the theorised impact of audio and haptic
feedback can be isolated and more easily analysed for any conclusive results.

Additionally, a study can be carried out where visual, auditory, and haptic presence are
layered to see to what extent arousal responses change based on presence complexity. While
ultimately not deemed relevant for this study, answers were collected regarding participants’
suggestions on VR improvements (see Appendix D) which strongly suggested a preference
in need for the inclusion of haptic feedback above everything else.

For any future studies using a similar method to the one of this study, the collection of
behaviour variable data can be improved by giving certain objects more advanced properties.
E.g., the stick can be divided into separate collision areas and depending on where the
participant grabs it, a different variable is saved (1, 2, 3…) for further analysis. This would
save time during the data analysis process and would also be a more reliable way of
measuring certain behaviours. Automating marker placements using API in iMotions is also
worth exploring as it would make carrying out experiments on a larger scale more
manageable. When instructing the participants, limiting each interaction stage to a specific
time interval would create a more uniform experiment across all participants regarding the
collected GSR data variables. Given that certain participants had some degree of anticipation
of the spider, we suggest that participants of future studies are exposed to the active stimulus
(e.g., a spider) first rather than the neutral control stimulus (e.g., a toy car).

6.3 Final Words

VR technology covers a wide field of topics and has many practical applications. The
positive impacts that emerge when people use VR for recreational, educational, or
rehabilitating purposes are undeniable. There are seemingly exponential advancements and
discoveries in terms of hardware functionality, game design practices and social interactions
in virtual environments.

As previously said, VR is a new and growing aspect of immersive experiences. Compared to
traditional video games, the technological properties of VR allow for another dimension of
immersion, i.e., presence. Research on VR is still in its early stages. The potential of VR
reaching some form of indistinguishable visual coherence with reality is a fascinating
prospect. While it may take a while to get there, results of this study are positive and suggest
that increasing the realism in representation of oneself in VR is a possible next step in
reaching new heights in presence and VR research.
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Appendix A

Fig 14. Digital Consent Form
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Fig 15. Written Consent Form
Note. The written consent form was only available in Swedish, but a translation was provided
for anyone that needed it at the time of signing.
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Appendix B

The following is a list of instructions and commands used by the test conductors to guide the
test:

1. Make sure Shimmer and Webcam signals are working.
2. Start recording the experiment.

3. “Please do not interact with anything yet”.
4. 1:00 minute cool-down.
5. Explain controls.

6. “Please get closer to the table and take a look at what's inside the glass container
without lifting it.”

7. “Please lift the glass container.”
8. “Using the glass container, try to trap the car.” (2 times)
9. “Place the glass container aside and pick up the stick.”
10. “Using the stick, touch the car gently for a while.”
11. “Place the stick aside.”
12. “Using your hands, try interrupting the car's movement”.
13. “Pick up the car and observe it.” (5 seconds)
14. “Look at the ceiling and hold the car close to your eyes in your view.” (drop)
15. “Repeat the last step.”
16. “Put down the car on the table.”

17. “Please look forwards towards the wall facing you.” (switch)

18. “Take a look at what's inside the glass container without lifting it.”
19. “Please lift the glass container.”
20. “Using the glass container try to trap the spider.” (2 times)
21. “Place the glass container aside and pick up the stick.”
22. “Using the stick, touch the spider gently for a while.”
23. “Place the stick aside.”
24. “Using your hands, try interrupting the spider's movement.”
25. “Pick up the spider and observe it.” (5 secs)
26. “Look at the ceiling and hold the spider close to your eyes in your view.” (drop)

27. Wait a bit and end the recording.
28. Help the participant to remove the equipment.
29. Ask the participant to fill out the survey.
30. Offer the participant some cookies.
31. Sanitise and charge equipment.
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Appendix C

Mean VR & Gaming Experience

On average, the participants had experienced VR in some form, somewhere between 1-10
times in the past. Out of all the participants, 4 had no prior experience with VR. The mean
weekly time range they spent playing any type of video game was 5-10 hours. Linear
Mixed-Effects modelling (LMM) tests showed no significant effect of a player having
experience with VR, over any of the recorded GSR or behavioural variables.

Fig 16. VR Experience Pie Chart

Fig 17. Gaming Habit Pie Chart

Motion Sickness Susceptibility

Across all participants, 61,1% expressed that they did not easily become motion sick while
travelling in a vehicle, while the remaining 38,9% answered the opposite. The participants
were also asked if they had previously become nauseous while in a VR setting; in which
55,6% disagreed, 30,6% agreed and 13,9% could not know about their susceptibility to
nausea in VR since they hadn’t experienced VR before.
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Fig 18. Motion Sickness in Vehicles Pie Chart

Fig 19. Nausea in VR Pie Chart
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All 7 Categories of Behavioural Data Collected

Fig 20. Hesitation Count Column Chart
Note. Hesitation (C & S): Observations were made
regarding the participants’ willingness to comply
with the given instructions. Audible discontentment or
delayed actions from the participants were counted as
an instance of hesitation.

Fig 21. Back-Away Count Column Chart
Note. Back-Away (C & S): Every time the participant
physically moved their whole body away from the
stimulus because of surprise or discomfort, one
instance of ‘backing away’ was counted.
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Fig 22. Glass Hand Count
Note. Number of Hands Used (C & S): The participant
either used one or both hands when interacting
with the stimuli.

Fig 23. Stick Grab Location Column Chart
Note. Stick Grab Location (C & S): When asked to grab
the stick, it was noted which part of the stick was
grabbed by the participant (very end of the tip, close to
the tip or the middle of the stick).
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Fig 24. Hand Touch Count Column Chart
Note. Hand Touch Count (C & S): When asked to
engage with the stimuli by using their hands,
it was observed how many hands (1 or 2)
the participant would use.

Fig 25. Hand Block Attempt Column Chart
Note. Block Attempt (C & S): It was observed whether
the participant tried to either trap or block the stimuli
by cusping it with both of their hands.
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Fig 26. Stimuli Proximity to Player Avatar Face when Grabbed
Note. Grab Proximity (C & S): When asked to grab
the stimuli, observations were made in regard to how
close the participant would hold each stimulus to their
face, i.e. either close distance (few centimetres away
from their face), mid distance (few decimetres away
from their face, albeit elbow remains bent) or far
distance (arm fully extended away from their face).

Fig 27. Mean Behavioural Response Data for Spider and Car
Note. Compilation of all the collected behavioural data.
“i” = instance (uncapped).
“b” = binary value (max 2).
“d” = distance (max 3).
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Table 21. Collection of Correlations

FSQ C_pc_total C_amp_total S_pc_total S_amp_total C_ppm S_ppm

FSQ Pearson
Correlation

1 ,277 ,311 ,482** ,331 ,197 ,387

Sig. (2-tailed) ,132 ,089 ,007 ,080 ,287 ,062

N 36 31 31 30 29 31 24

C_pc_total Pearson
Correlation

,277 1 ,774** ,781** ,607** ,964** ,666**

Sig. (2-tailed) ,132 <,001 <,001 <,001 <,001 <,001

N 31 31 31 30 29 31 24

C_amp_total Pearson
Correlation

,311 ,774** 1 ,596** ,531** ,793** ,781**

Sig. (2-tailed) ,089 <,001 <,001 ,003 <,001 <,001

N 31 31 31 30 29 31 24

S_pc_total Pearson
Correlation

,482** ,781** ,596** 1 ,567** ,758** ,751**

Sig. (2-tailed) ,007 <,001 <,001 ,001 <,001 <,001

N 30 30 30 30 29 30 24

S_amp_total Pearson
Correlation

,331 ,607** ,531** ,567** 1 ,645** ,317

Sig. (2-tailed) ,080 <,001 ,003 ,001 <,001 ,131

N 29 29 29 29 29 29 24

C_ppm Pearson
Correlation

,197 ,964** ,793** ,758** ,645** 1 ,666**

Sig. (2-tailed) ,287 <,001 <,001 <,001 <,001 <,001

N 31 31 31 30 29 31 24

S_ppm Pearson
Correlation

,387 ,666** ,781** ,751** ,317 ,666** 1

Sig. (2-tailed) ,062 <,001 <,001 <,001 ,131 <,001

N 24 24 24 24 24 24 24

Note. **. Correlation is significant at the 0.01 level (2-tailed).
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Table 22. Collection of Correlations II

GAD-7 FSQ

GAD-7 Pearson
Correlation

1 ,426**

Sig. (2-tailed) ,010

N 36 36

FSQ Pearson
Correlation

,426** 1

Sig. (2-tailed) ,010

N 36 36

Note. **Correlation is significant at the 0.01 level (2-tailed).

Table 23. FSQ to GSR Total Correlations
FSQ C_pc_total C_amp_total S_pc_total S_amp_total C_ppm S_ppm

FSQ

Pearson
Correlation

1 ,277 ,311 ,482** ,331 ,197 ,387

Sig. (2-tailed) ,132 ,089 ,007 ,080 ,287 ,062

N 36 31 31 30 29 31 24

Note. **. Correlation is significant at the 0.01 level (2-tailed).

Fig 28. Scatter Plot of S_pc_total by FSQ
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Appendix D

Fig 29. VR Improvements by Participant Opinions

Appendix E

Data collection survey.pdf
ThesisData-SpreadSheet May 23rd 2022
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