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ABSTRACT
Effects of Scaling Shoulder Width in Virtual Reality on

Reachability and Pass-through-ability Affordances

Perceiving affordances, the action-possibilities of a system in an environment, is a
survival key for the system (Gibson, 1966). Changing invariants for the system
shapes its affordance perception (Warren & Whang, 1987). Pass-through-ability of
an aperture, as a perceived affordance, is determined by the fit between the apparent
aspects of the environment (e.g., perceived gap) and the perceived body scale.
Changing body perception in real life depends on using tools such as a wheelchair or
a long stick (Higuchi, Cinelli, Greig, & Patla, 2006; Higuchi, Cinelli, & Patla, 2009).
Here, in order to understand the effects of body scaling on the affordance of pass-
through-ability and reachability, we conducted a virtual reality and a simulation
study. Participants were assigned to different virtual shoulder widths scaled to their
real size (narrow, normal and wide). In the experiment, they were asked to walk
naturally to pass through an aperture without colliding and reach a target on a table.
The success rate of passing through an aperture and the speed were similar in all
conditions, which implied that participants adapted their virtual bodies. We also
showed that participants were closer to the target when assigned narrow compared to
a normal-size shoulder, suggesting that participants thought their body became
smaller, so they moved closer to the target. In order to control the adaptation for
conditions, we also conducted a perceptual judgement experiment. Also reflected in
the perceptual judgements, participants with narrow virtual shoulders thought that
they had smaller shoulder width, an effect not observed in the wide shoulder

condition, which together demonstrate an asymmetry in the effects of body scaling.



OZET
Sanal Gergeklikte Omuz Genisligini Olgeklendirmenin Erisilebilirlik ve

Gegilebilirlik Saglarliklar1 Uzerine Etkisi

Bir sistem igin ¢evresindeki olasi eylemleri tanimlayabilmesi, baska ifadeyle
saglarlik algisi hayatta kalabilmesi agisindan 6nemlidir. Sistemin, gevrede var olan
bazi degismeyen parametreleri tizerinde degisiklik yapmak sistemin saglarlik algisini
da degistirmektedir. Gegilebilirlik saglarligi sistemin algiladigi aralik ile kendi beden
algis1 arasindaki iliskiye baglidir. Gergek hayatta beden algisinin degisikligi
tekerlekli sandalye veya uzun bir ¢ubuk kullanimina bagli olarak
degistirilebilmektedir. Bu tez ¢aligmasinda ise, viicut 6lgeklendirmenin gegilebilirlik
ve uzanabilirlik saglarlig1 iizerindeki etkilerini anlamak igin bir sanal gergeklik ve
simulasyon ¢alismasi gerceklestirilmistir. Katilimcilar, ger¢ek omuz biyiikliiklerine
gore dlgeklendirilmis farkli sanal omuz genisliklerine (dar, normal ve genis)
atanmistir. Deneyde, bir araliktan dogal bir sekilde ¢carpmadan gegerek bir masa
tizerindeki hedefe sag elleri ile ulagmalari istenmistir. Tiim deney durumlarinda
araliktan devirmeden gegme oranlari ile araliktan gecerkenki hizlar benzer
bulunmustur. Bu sonug, katilimcilarin atanan sanal bedenlerine uyumlandiginin bir
gostergesi olmustur. Ayrica, katilimeilarin normal durumlarina gore daha dar omuz
atandiklarinda hedefe daha yakin bir mesafede durdugu gosterilmis, bu sonug
katilimcilarin viicutlarinin sanal ortamda kii¢iildiigiinii diisiindiiklerine isaret etmistir.
Kosullara uyumu kontrol etmek igin yapilan algisal yargi kontrol deneyi de dar sanal
omuz durumundaki katilimcilarin daha kii¢iik omuz genisligine sahip olduklarini
diisinerek karar aldiklarini, genis omuz kosulundakilerde ise bir etki olmadigini,

sanal bedene uyumda bir asimetri oldugunu gostermistir.
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CHAPTER 1

INTRODUCTION

In order to engage correctly and safely with the environment, biological systems
perceive the environment with respect to their bodies. Thus, survival in the
environment depends upon the body perception and bodily interactions with the
environment. These interactions can be described in terms of the system or agent's
action possibilities. Gibson coined the term “affordances” to explain what the
environment offers to the system (Gibson, 1966). If we consider the system-
environment relationship through the concept of affordances, instead of using metric
measurements and features that depend on metric evaluations to describe the objects
in the environment of the system, an agent can perceive affordances that objects offer
with respect to its body through the fixed quantities (invariants) determined by the
environment. To give an example, in order to act on a cylindrical shaped mug with a
handle on a table, a human does not evaluate features of it, such as its shape and size.
It rather perceives affordances the mug affords, such as to be touchable, graspable,
fillable and rollable. If the object starts to be bigger than the hand, the grasp-ability
of the object with respect to the person disappears. If it is too small, it begins to lose
its fillability affordance.

Affordances of objects can vary with respect to the body of the biological
system (Gibson, 1979). Throughout the development, for example, whereas a solid
object at a certain height is an obstacle for a nine-month-old baby, it is “climb-able”
by the age of two and ceases to be an obstacle by the age of seven. An adult agent
perceives the affordance of such an object as “jump-over-able”. When considering

different biological systems, we can also see that affordances of the same object can



vary. For instance, a mug is graspable for a person but climbable for an ant. These
possible ways of interactions are determined by the relationship between an agent
and the environment.

The aim of this thesis is to investigate the effects of scaling of shoulder
widths on two affordances, namely the pass-through-ability and the reachability, in a
VR environment. So, the thesis has mainly three different components. The first
component is about body perception. The second one is about affordance perception.
The last one is the relationship between body perception and affordance perception

in the VR setting.

1.1 Perception of the body schema and body embodiment
The plasticity in the somatosensory cortex allows us to have a flexible perception of
our body parts. The homunculus representation to represent flexibility that comes
with plasticity was proposed by Lanier (2006), suggesting that each body part is
represented in a different somatosensory area, but the representations can be altered
(Ramachandran & Hirstein, 1998; Ramachandran & Blakeslee, 1999). For instance,
limb losses in accidents lead to a change in the somatosensory area such that the
representation of the lost limb is replaced by the representation of another body part.
The homunculus figures that show motor and somatosensory mapping of the body
parts were originated from Penfield & Boldrey (1937). In these figures, body parts
are represented in a way that the body part size corresponds to the neuronal
representation in the somatosensory or motor cortex.

When perceiving our body parts, we use different sensory information which
come from different modalities. Disrupting visual information may lead to

phenomena in which people perceive objects as their body parts. One of such



phenomena is the Rubber Hand Illusion (RHI) (Botvinick & Cohen, 1998). In RHI,
people see a rubber hand which is stroked with a brush while their corresponding
hand - which is not in their visual field - is also stroked at the same speed. Following
this adaptation period, people perceive the rubber hand as their real hand. The
phenomenon appears not only with a rubber hand but also a virtual one (Slater,
2008). The index for the RHI is the proprioceptive drift of the perceived hand
position. The studies demonstrate that the perceived hand position shifts toward the
rubber hand position (Botvinick & Cohen, 1998; Slater, 2008). Even though the
proprioceptive information signals the unbiased position of the hand, these results
suggest that people rely on the combination of both visual feedback and
proprioceptive feedback while perceiving their body parts in space. In the RHI,
change in the visual feedback leads to a change in the perception of the position of
the body part. The phenomenon was also replicated in a virtual reality study
(Aldhous, Hetherington, & Turner, 2017). Moreover, the effect was found was to be
similar with the original RHI.

When it comes to the embodiment of the avatars in VR, there are many
studies that investigate the relationship between an avatar and a user. Depending on
the body type and shape of an avatar, an adaptation period, where users interact with
the virtual environment with immerse sensory feedback allows them to embody the
body of the avatar. Sensory feedback does not only depend on the visual information
but also the tactile information that can be used in the virtual reality. In other words,
interaction in a virtual environment becomes similar to the one in the real-life. In
fact, people perceive that the body they use in the virtual reality environment as their
real body even when using avatars with different identities than their own, with

different age, gender or race (Banakou, Groten, & Slater, 2013; Salmanowitz, 2018;



Slater et al., 2010). Moreover, people can also adjust their behaviors when
controlling an avatar which does not have a facial expression to express their feelings
(Roth et al., 2016).

Body embodiment is not just a phenomenon with virtual bodies that can have
a particular form. People can also adjust their movements within an avatar which
pushes the limits of homuncular flexibility. After Lanier (2006) proposed the
homuncular flexibility, he started using different avatars, which shared similarities
with animals in his informal studies. He observed that people could find new action-
motor mappings to control extra limbs assigned in virtual reality. In a formal study
conducted by Won et al. (2015), the authors showed that people with novel virtual
avatars could remap their movements into the real world to perform better in a task in
the virtual reality. For instance, people assigned to 3-armed avatars adapted to the
avatar and performed better than those who controlled 2-armed avatar in a virtual
task in which using the third hand had an advantage.

Studies on body image are not limited to VR. With the use of different
objects and tools, we can alter the body perception of people. In order to investigate
such adaptations, researchers conduct studies about affordance perception. For
example, the stick held to reach an object causes dramatic changes in the body
perception (Sposito, Bolognini, Vallar, & Maravita, 2012). Macaque studies have
also suggested that there is a change in the somatosensory region of the macaques to
represent the tip of the stick (Iriki, Tanaka, & lwamura, 1996). There is also an
extension in the peripersonal space (PPS), which is the area in which an agent can
reach or be reached by a tool to an object, affecting the judgment of whether to reach
to an object. These studies demonstrate that an agent constantly updates the

representations of the outer world with respect to their bodies and base their



perceptual judgments on the interaction with the environment instead of using fixed
metrics when perceiving their own bodies

VR and tool-use studies show that the perception of body is dynamic and
flexible as discussed above. Thanks to this flexibility, people can succeed in tasks in
the virtual environment by adapting to a new virtual body and learning to use limbs
they don’t have in real life. One thing that needs to be considered during the
adaptation process, though, is that the new virtual limb or the tool they are adapted to

use should be relevant to the task.

1.2 Effects of manipulating actions on affordance perception
As seen in a human’s developmental progress, affordance perception changes, and
objects start offering new types of affordances, while losing some to the agent. When
having an older body, a heavier or a shorter one, people perceive stairs as steeper
(Eves, 2014). Physical conditions also affect affordance perception. When people
are exhausted or have low physical fitness, they judge slopes steeper. Carrying heavy
loads also has similar effects (Bhalla & Proffitt, 1999). Moreover, participants
perceive jumpable gaps longer when wearing ankle weights, whereas the judgments
are not affected for the un-jumpable gaps (Lessard, Linkenauger, & Proffitt, 2009).
Affordance perception is also changed by the tool use but in an indirect way.
When using a tool, the representation for the related body part and peri-personal
space (PPS) representation are updated. For instance, Canzoneri and his colleagues
(2013) found the PPS is extended along the tool use axis. Moreover, the body part
used for the tool is perceived as narrower and longer like the shape of the tool.
However, in order to have such an effect, active tool use is necessary. Another

condition for such an effect is that the function of the tool must be relevant to the



action during the task (Bourgeois, Farne, & Coello, 2014). So, tool use reshapes not
only the body representation but also the PPS that encodes the close-distance
environment.

Tool use changes the reachability affordance and depth perception, but only
when the subject plans for a reaching action (Witt, Proffitt, & Epstein, 2005). This
suggests that representation of the environment depends on the intentions and
abilities to act. Moreover, somatosensory mapping of the body parts and their
positions are constantly updated by the interaction between the agent and the
environment (Sirigu, Grafman, Bressler, & Sunderland, 1991). The neuroscientific
study conducted by Iriki and his colleagues (1996) showed that the neural
representation of the hand of a macaque in the somatosensory cortex was reshaped
after the tool use. During the action phase, the visual receptive field was also

adjusted to cover the expanded reach area accessible by the tool.

1.3 Pass-through-ability affordance
The pass-through-ability affordance helps the system to change its location without
any collision between obstacles in the environment and the body. In other words, the
ability to perceive the pass-through-ability of apertures helps one follow another
secure and efficient trajectory. Navigation through such environments needs some
adjustments in the body posture and gait so that a biological system can pass through
narrow apertures or follow a different trajectory if passage is not possible. So, in
order to select an efficient and safe trajectory for a task, the ability to perceive the
pass-through-ability of apertures in advance is necessary.

Studies about pass-through-ability affordance in humans started with Warren

and Whang (1987). They asked participants to walk at their natural speed when



passing through apertures. They found that participants made some adjustments in
their posture and gait when the ratio between aperture width and shoulder width is
smaller than 1.3. This implies that people leave some safety margin to account for
lateral body sway during their movements. The strategies that people follow when
passing through narrow apertures are slowing down to reduce body sway, rotating
the shoulders, or passing sideways (Higuchi et al., 2006).

The perception of pass-through-ability can be achieved across a wide variety
of conditions, but these perceptions may differ. For instance, Warren and Whang
asked participants to judge whether they could pass or not through an aperture from a
fixed distance. The threshold ratio between aperture and shoulder width for such
judgement is 1.15, which is smaller than the critical 1.3. Furthermore, the threshold
increases when running, carrying an object or walking with another person (Chang,
Wade, & Stoffregen, 2009; Wagman & Malek, 2007; Wagman & Taylor, 2005).
Disabled people who use wheelchair extensively and so that have experience for
locomotion can take into account their extended bodily dimensions for pass-through-
ability affordance (Higuchi et al., 2006; Higuchi, Takada, Matsuura, & Imanaka,
2004).

Warren and Whang (1987) found that changing eye-height information in the
system led to some errors in pass-through-ability perception. This suggests that
people make their judgements based on their fixed ratios with the environment. Fath
and Fajen (2011) considered three sources of visual information used in the system to
determine the pass-through-ability of apertures and its perception. These three
sources were eye height-scaled information, head-sway-scaled information and

stride-length-scaled information. All this information was body-scaled. Their study



found that even when the eye height-scaled visual information is not available, the

system can still make good perceptual judgements.

1.4 Reachability affordance

Reachability affordance refers to how far an agent can extend its reach; thus,
reachability perception provides a metric for agents to scale close distances. The
perception of reachability changes after tool use or manipulating the visual feedback
of the hand position of an agent. For instance, when using a tool, targets which are
out of the reach by hand appear to be closer (Witt et al., 2005). A tool which helps
an agent extend its reach reshapes the perception of the agent so that it leads to a
decrease in the apparent distance to the target object. In other words, tool-use
changes the representation of the reaching limb of the agent so that it represents the
entire tool or the end-effector (Ackroyd, Riddoch, Humphreys, Nightingale, &
Townsend, 2002; Berti & Frassinetti, 2000; Pegna et al., 2001).

When it comes to reachability studies in VR, Day et al. (2019) compared the
usage of normal avatars and altered body avatars, which have longer arms than the
normal ones, for a reaching task. Their results showed that participants adjusted to an
altered avatar only when they got feedback during their actions to complete the task.
Moreover, calibration took place more quickly if there was feedback such as tactile
or visual to have them feel the transition from the normal to the altered avatar.
Another worth to mention study conducted by Joy and her colleagues (2021) shows
that the participants do action planning faster in a reachability task when they control
hands which offer less affordances than normal hands after an adaptation period.
Overall, people can adjust to novel body limbs and update their actions and motor

planning accordingly.



1.5 Perception in virtual reality

Affordance perception studies depend on external tools and objects to manipulate the
agent body to investigate the perception in a controlled manner. However, since
using external objects is a limited method to study affordance perception, as seen in
the literature, there are some cases in which affordance perception cannot be
investigated without changing the agent’s body. So, in such cases, virtual reality
offers a precious tool. With the developing technology and possibilities, Using VR
paradigms in studies helps us control some variables in a way that it is not possible in
real life. With the increase of hardware and users that support virtual reality
environments, it has become much easier to control the desired variables by
designing a completely different environment than the reality. Virtual reality not only
allows us to manipulate the environment but also modify an agent’s virtual body and
see its effects through the embodiment of the avatar.

If the reality of the environment in an experiment performed in VR is properly
adjusted, a participant's actions are closer to reality as they interact better with all the
stimuli in this environment. In this way, participants have an experience independent
of their real environment. Thanks to the tracking devices used in VR which transfer
the actions of the agent’s body directly to the VR environment, it is also possible to
conduct action and perception studies in a better way.

In VR, not only can we change the body and environment but also, we can
manipulate effects of actions which participants perform in real life. However, there
are still issues to be considered when conducting an experiment in the virtual
environment. Apertures that afford pass-through-ability in virtual reality environment

are larger than in real world (Fath & Fajen, 2011). Moreover, people perceive



distances in virtual reality as closer than normal in real life (Knapp & Loomis, 2004;
Thompson et al., 2004). Therefore, the ranges used for control are chosen wider than
normal. If participants perceive that the environment in virtual reality is similar to the
one in real life, the distance perception in the former is similar to the one in the latter
(Geuss, Stefanucci, Creem-Regehr, & Thompson, 2010). In order to match the
environments, Geuss and his colleagues created a 3D virtual replica of the
experimental setting. They measured perceived affordances with judgments of
distance and size. They found that affordance judgments were not significantly
different for the virtual environment and the real world.

We can perceive distances with respect to the horizon that exists in the real
world and optical flow created by movements of either an agent or an object. When
we remove an invariant such as horizon line in a virtual environment, it has been
observed that people can pass through apertures in the virtual environment even
without the eye-height information, which is important in the perception of pass-
through-ability (Fath & Fajen, 2011). Other information used in the study are
invariants that emerge dynamically depending on body movements. Thanks to the
dynamic stride-length-scaled and head-sway-scaled information, an agent can find
whether an aperture affords pass-through-ability. In this way, the perception of the
ability to pass through an aperture using dynamic information, which is obtained
from the environment in different ways, and scaled according to the body, can be

achieved without the knowledge of eye-height, which is statically processed.

1.6 Motivation of the study
This study aimed to investigate the effects of scaling shoulder widths on the

reachability and pass-through-ability affordances. The novelty in our work was to

10



directly change the body morphology, rather than using external tools to change the
affordance perception as has been done in the previous studies. In order to do that,
we designed a virtual reality experiment, where we assigned participants different
virtual shoulder widths scaled to their real shoulders. The task of the participants was
to pass through apertures which were scaled to virtual shoulder widths and reach a
target on a virtual table. In order to check whether participants had an understanding
of their new body dimensions, we conducted a perceptual threshold experiment
similar to the one in Warren and Whang (1987) study.

In the second part of the study, we conducted a simulation experiment to test
the replicability of the results in the VR experiment on a 2-dimensional gaming
platform. Due to the COVID-19 pandemic, the experiment was implemented in a
simulation and published online. This simulation experiment also allowed us to

check the effect of horizon on the pass-through-ability and reachability affordances.
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CHAPTER 2

VR EXPERIMENT

2.1 Participants

Twenty participants (14 male, 6 female) participated in the VR Experiment.
Participants were mostly undergraduate students from Ozyegin University. They
were recruited via convenient sampling on a voluntary basis. They received 3 extra
course credits in exchange of their participation. All observers had normal or
corrected-to-normal vision (the VR headset has the required space inside to be worn
with eyeglasses) and were naive to the purpose of the experiment. Ages of
participants were in the range between 20 to 35 years old with a mean of 23. There
were 4 participants who reported that they had VR experience before; the number of
hours they experienced, however, was less than an hour except for one of them.
Eighty-five percent of the participants were right-handed, and the rest were left-
handed. The study was compliant with the university research ethics requirements
and approved by the Ozyegin University Ethics Coordinating Committee (see
Appendix A). Confidentiality and anonymity were ensured by saving data using the
initials of participants’ names. The consent form and instructions were given in

Turkish.

2.2 Stimuli and apparatus

Stimuli were 3D models, most of which were downloaded from the Unity Asset
Store and Sketchfab. Two side-by-side walls were used to create an aperture in the
virtual environment. The bricks that made up these walls were created using the

Blender 3D modeling software. Stimuli for the VR experiment were presented using

12



an HTC Vive Pro Full Kit. The system was connected to a desktop computer, MSI
Aegis 3 with hardware specifications of Intel i7-7700 CPU, 16GB DDR4 RAM and
1070 GTX 8 GB graphics card.

Paradigms for the VR experiment were implemented in Unity 3D Game
Engine, version 2019.1.0f2 with C# programming language. To control the headset
and remote controllers, we used SteamVR 2.0 Unity Plugin. Unlit shader types
allowed stimuli to have the same perceived color from different angles.

Stimuli were presented from a head-mounted display. The virtual
environment lacked the horizon line to disrupt the distance perception of the
participants (Fath & Fajen, 2011; James J Gibson, 1979). In each trial, participants
saw two building blocks and a table without legs behind the blocks. For participants
to interact with the environment, such as with building blocks, a box collider was
assigned to participants. The reference point of the collider was the position of the
head mounted display with respect to the origin of the virtual environment. The
width of the box collider represented the shoulder width in the virtual world.

Participants reached the target on a virtual table with a right-hand controller.

2.3 Procedure

Participants were given an informed consent form prior to the experiment. They were
assigned into four different experimental groups. The group naming convention
depends on the order of the shoulder-length conditions that the participants took;
namely the normal-narrow, narrow-normal, wide-normal and normal-wide. In the
VR experiment, in a virtual open environment, in which there was no horizon,
participants saw an aperture between the walls. Behind the walls, there was a virtual

table without legs. In each trial, the aperture between the walls was scaled to the

13



virtual shoulder width, which was also scaled to the shoulder width of a participant.
There were three different virtual shoulder widths as conditions in the experiment.
Participants were instructed to walk naturally to complete the task, which consisted
of two stages: The first part was to pass through the aperture without colliding to the
walls. After passing through, the second part was to stop nearby a table and reach a
target on the table with the right hand. The important thing here was that participants
could not get any visual feedback for their reaching to the target, which meant that
they couldn’t see any virtual hand or a model that represented their right hand. In
blocked trials, the aperture width and the target location (near, middle and far
distances) were manipulated. Those two variables were determined as independent
variables. At each rendering frame of the Unity Game Engine, the virtual positions of
the head mounted display, and the right and left remote controllers of HTC device
were collected together with the rendering time.

After the block of an experimental condition was completed, participants took
a perceptual judgement experiment. In this setup, the walls shown in the first part
slid towards each other at a fixed speed in each trial. The walls were presented at
three different distances (near, middle and far). Participants were instructed to press a
trigger button on the remote controller when the aperture width between the walls
was the minimum width that they thought they could pass through without colliding.
Aperture widths when a participant pressed the button and the distances between the
walls and the participant were saved in a data file.

There were three major parts in the procedure, one of which was the
calibration of the system to a participant. Another part was related to tasks in which
participants were instructed to pass through an aperture and reach a target on the

virtual table. This part included three blocks for each condition, and each block had
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fifty trials. After one condition was completed, participants finished a perceptual

judgment task in order to see the effects of manipulation in shoulder width.

2.3.1 Calibration

For objects and distances in the virtual environment to be compatible with the real
body of a participant, we included a calibration phase to the experiment. Calibration
phase was initiated after a participant wore the head mounted display and held the
controllers. In order to get the height and the shoulder width of the participant, two
humanoid models were shown. Before each block, participant was asked to do the

same body postures as the models (Figure 1).

Figure 1 Models for T-position and standing position

The model on the left represents the T-position body posture and the one on the right
represents the standing body posture. Participants saw these models in the calibration
part. When they were doing the same postures as the models an algorithm calculated
their height and shoulder width.

The model with the T-position body posture was used to calculate the height

of the participant. When the participant was performing the T-position body posture,

they were asked to press the trigger button of the left controller. After pressing the
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button, the arm-span was defined as the distance between the controller positions.
Since the ratio between the height and the arm-span is approximately a one-to-one
ratio for European people (Quanjer et al., 2014), the arm-span length was assigned as
the height of the box collider. For the participant to reach the target on the table
naturally, the height of the table was set to be the 5/8 of the arm-span length.

The model with the standing position was used to calculate the virtual
shoulder width of the participant. Depending on the condition (wide, normal or
narrow), 1.5 times, 1 time or 0.67 times the distance between the controllers in this
position was assigned as the width of the box collider. The width of the box collider
represented the virtual shoulder width in the experiment. The aperture widths

between building blocks were generated using this virtual shoulder width.

2.3.2 Experiment

After the first calibration, for participants to understand the task, there was a practice
session in which there were five trials. If participants did not understand the task, a
few more trials were added to the practice session. In the practice session,
participants were instructed to stand on a red area on the ground which indicated the
starting position of a trial. When they thought that they were in the red area, they
were asked to press the trigger button of the right controller in order to start the trial.
After the button press, participants were presented with two building blocks and a
table without legs behind the blocks (Figure 2). Their task was to pass through an
aperture between sidewalls without touching the blocks and reach a target on the
table with their right hand. Participants were also asked to move naturally and not to

rotate their shoulders when passing through the aperture.
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Participants approaching the table after passing the aperture stood near the
table and reached the target with their right hand. Meanwhile, since a model
representing the hand was not made available to the participants on purpose in the
virtual reality, they were instructed to wait for 0.75 seconds in that position. This
waiting period was used to keep the hand position fixed. After the waiting period was
over, a new table with building blocks were generated behind the participant. The red
area was also redisplayed to signal the start of a new trial.

Participants were asked to stand on the new area and turn towards the
direction of an arrow. There were three reasons for using this arrow. The first reason
was to avoid that the cable of the head mounted display disturbed the participant
during the experiment and got caught in the feet of participants. The second reason
was to avoid a possible damage to the cables due to the incorrect turns. The third and
the most important reason was that the dimensions of the real space used for virtual
reality were small (3 x 5 m); thus, the arrow direction helped the environment for
experiment to work symmetrically so that the participant did not have to go back to
the original red area in each trial.

After standing in the red area and turning in the right direction, participants
pressed the trigger button on the right controller when they were ready. They went
back and forth in virtual environment through physically moving in the real room

and completed the practice session.
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Figure 2 One trial in a condition

The view on the left side shows the first-person view. Participants saw all stimuli
from that angle. The view on the right side shows the third person view of the
environment. The starting point is indicated with the red area. The arrow points the
direction of which participants should turn around before starting a new trial.

After the practice session, participants started with either narrow, normal or
wide shoulder condition. Calibration took place before each condition. For any
condition, there were three blocks and each block had fifty trials. Participants could
give a break after a block was completed. Participants were informed of how many
trials were left in half of each block and in their last ten trials. Ten different aperture
widths were generated and scaled to virtual shoulder width for each condition. The
scales were ranging from 1.1 to 1.55 by 0.05 increments. Each block had five trials
for each different aperture width. So, there were fifteen trials for each aperture width
in one condition. In each block, we ensured that the consecutive trials did not have
the same aperture width.

There were also three different positions (near, middle and far) on the virtual
table for the target and they were randomly assigned in each block. Since one block
had fifty trials, the number of trials for different target positions was not equal to

each other. Total number of trials for three different target positions were equalized

in three blocks.
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In the data recording of each trial, we saved the virtual positions of the head
mounted display, right and left controllers for each frame, whether building blocks
were touched, the ratio of the aperture width to the virtual shoulder width, the
position of the target on the table, the time to complete the trial, and the time interval

between two frames. Data recording was completed after the trial ended.

2.3.3 Perceptual judgement

After completing 150 trials for a condition, a perceptual judgment experiment was
conducted to see the effect of shoulder width change. In this experiment, participants
were shown two building blocks approaching each other at 0.2 m /s in virtual reality.
The initial distance between these blocks was determined to be 1.5 m. In order for
participants not to give same responses for one distance, 3 different distances were
assigned for the distance between the participant and the walls. In each trial,
participants could see the walls from either 1.5m, 2m or 2.5m away. There were 8
trials for each different distance with a total of 24 trials.

In the perceptual judgement experiment, participants were first asked to stand
in the red area, as in the original experimental part. Afterwards, they were asked to
press the trigger button on the controller in their right hand at the minimum distance
that they thought they could pass through the aperture between blocks without
rotating their shoulders. A new trial was generated each time they pressed the trigger
button. In each trial, the distance between the walls when the participants pressed the
button was recorded.

After the perceptual judgment experiment, participants took a break. They

then performed the same tasks with a different virtual shoulder width, except for the
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practical session, depending on the group to which they were assigned. They also

completed the corresponding perceptual judgement experiments.

2.4 Results

There were three main hypotheses in the experiment. The first one was about the
novel shoulder width adaptation. To check whether adaptation took place, we
compared the speeds of the participants as they passed through apertures. The second
hypothesis was to see whether there is an adaptation transfer from the shoulder to the
hand. In order to check the hypothesis, head data and right-hand data were analyzed.
Finally, the last hypothesis was about the effects of novel shoulder widths on the
perception of pass-through-ability. For this hypothesis, the perceptual judgement

differences between the conditions were analyzed.

2.4.1 Instantaneous speed

For the analysis, we used instantaneous speed of the head at the relative position x =
-0.05 cm away from the center of an aperture. To calculate the instantaneous speed at
this specific position, the first step was to calculate the instantaneous speed using the
time difference between the subsequent position records for each head data point.
The second step was to find the time at which the participant was located at that
specific position using the linear interpolation method on the head data positions.
Having found this time point, we applied another linear interpolation on the speed
data calculated in the first step. In order to compare the instantaneous speed between
conditions, we applied a linear mixed modeling (LMM) with the equation (1) in

Wilkinson notation, instead of an ANOVA,

20



speed ~ ratio * condition + (ratio + condition | participant) Q)
where, the “ratio” variable refers to the ratio between the aperture width and
the virtual shoulder width of a participant. Since there were 10 different ratios, the
variable was considered as a categorical variable with 10 factors. The “condition”
variable is a categorical variable which represents the shoulder width conditions in
which participants completed the experiment. The “participant” variable indicates
different players and is also a categorical variable.

There were several reasons why we applied LMM. One reason was that since
we collected more than one sample for one condition, the data consisted of
dependency such that it was not possible to apply ANOVA directly because one of
the assumptions of ANOVA is that the data should be independent of each other. The
second reason was that our experimental paradigm did not have a conventional
independent variable, which was the variable representing shoulder width. The
shoulder width condition variable is a within subject variable when we consider the
normal and narrow conditions or normal and wide conditions, but it is a between
subject variable when considering narrow and wide conditions. In order to take into
account those issues, we needed to apply LMM. After having a model for the data,
we could apply ANOVA into the model so that we investigated the effects of
independent variables.

ANOVA was applied on LMM with Satterthwaite approximation.
Satterthwaite approximation was used for effective standard pooled variance
estimation, which means the effective degrees of freedom. The results of ANOVA
showed that there was not any speed difference between the conditions (F(2, 11.548)
=2.90, p =.09). There was a main effect of ratio on speed (F(9, 48.733) =4.13,p <

.01). Post-hoc analysis also showed that participants were faster when passing

21



through the aperture with a 1.55 ratio than when the aperture had a ratio of 1.1 (p <
.01). Analyzing the instantaneous speed, no interaction was found between the ratio
and the condition (p > 0.05).

A non-significant result for speeds in different conditions may suggest that
participants successfully adapted to different shoulder widths (see Figure 3). The
main effect of ratio on instantaneous speed demonstrates that participants walked

faster when the aperture was wider.
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Figure 3 Instantaneous speed near the aperture (x = -0.05 cm)

The y axis of the figure shows the ratio between the aperture width and the virtual
shoulder width while the x axis shows all conditions. The figure shows speed bars
and standard error bars for all conditions.

2.4.2 Aperture threshold ratio

Aperture threshold ratio is the ratio between the width of an aperture and the

shoulders of a participant such that the participant can successfully pass through the

aperture without colliding the side-walls in 75% of the trials. In order to calculate the
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threshold for each participant, psychometric functions were obtained using the
psignifit (Schatt, Harmeling, Macke, & Wichmann, 2016) library in MATLAB.

LMM was used with the equation (2).

threshold ~ condition + (1 | participant) (2

ANOVA with Satterthwaite approximation showed that there was not any
difference across the different shoulder width conditions (F(2, 21.588) = 2.54, p =
10).

In addition to the speed analysis, similar thresholds when passing through the
apertures in different conditions supported the idea that the participants adapted to
the different shoulder widths and, that their performances were similar in different

shoulder width conditions (see Figure 4 and 5).
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Figure 4 Psychometric thresholds with 75% success
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The y axis of the figure shows the ratio between the aperture width and the virtual
shoulder width. There isn’t any difference between conditions in thresholds obtained
from psychometric functions with a success of 75% when passing through an
aperture.
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Figure 5 Psychometric functions of AT in aperture task
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The y axis of the figure shows the success rate of a participant when passing through
an aperture without colliding sidewalls. The x axis shows the ratio between aperture
width and shoulder width. The blue dots represent the success ratio of a participant
for 10 different ratios between apertures and shoulder.

2.4.3 Head data

Head data analysis was applied for whether there was an effect of scaling shoulder
width on the reaching task on a table following the aperture task in the experiment.
The head data referred to the 3D position at which a participant stood in order to
reach a target on the table. In our analysis, we used x-axis of head data positions. The
x-axis in the virtual environment represented the heading direction of the
participants. The average of ten last head data points in the task was used as the

dependent variable. LMM was applied to the head data with the equation (3),

head ~ condition * target + (condition * target | participant) 3

where “target” variable refers to the target positions on the table, which is a
categorical type, consisting of 3 different categories (near, middle and, far).

Different LMM was applied to the head data for each group, considering the
condition orders. “pre-narrow” group refers to the group in which participants first
completed the narrow, and then the normal condition. “pre-wide” group means the
group in which participants completed the wide condition before the normal
condition. “post-narrow” and “post-wide” groups are also defined in the way that
pre-narrow and pre-wide conditions are defined.

ANOVA applied on LMM showed that participants in the post-narrow group
moved closer to the target when they were in the narrow condition (F(1,1792) = 3.85,
p =.049). The main effect can also be seen in Figure 6 They also changed their

standing position depending on the target position (F(2, 1792) = 9.63, p < .01). There
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was not an interaction effect found between the condition and the distance (F(2,

1792) = 0.40, p = .67).
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Figure 6 Head position data of one participant from post-narrow group

The x axis shows that the standing positions of the participants in their heading
directions when they started to reach the target on the table. The y axis shows the
relative y standing position with respect to the target. Ellipses with red, green, and
blue colors represent the data in narrow condition and, ellipses with cyan, magenta,
and yellow colors show data in normal condition. As can be seen from the figure, the
participant moved closer to the target when in the narrow shoulder condition.

The main effect of target found in the post-narrow was not seen in the pre-
narrow group (F(1, 1492) = 0.01, p =.91). Participants in this group also moved
closer to reach the target at the far position (F(2, 1492) = 4.63, p <.01). The
interaction of the two main factors was not found (F(2, 1492) = 0.71, p = .49).

When it comes to the post-wide group, they did not change their standing

positions between conditions (F(1, 1492) = 0.34, p = .56), but they changed their

behavior when the target was in different positions on the table (F(2, 1492) =25.2, p
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<.01). As in the post-narrow and pre-narrow groups, there was not any interaction
effect between the condition and the distance variables (F(2, 1492) = 2.83, p = .06).

The last group, the pre-wide group had the same results with the post-wide
group. There was not a main effect of condition (F(1, 1192) = 0.16, p = .68) but a
main effect of target position (F(2, 1192) = 19.17, p <.01). As in the other groups,
no interaction effect was found between the target positions and the condition (F(2,
1192) =0.91, p = .40).

These results showed that the participants moved closer to the table when the
target was at the farthest position, but this main effect of the condition on the head
position was only observed for participants who completed the experiment in the
post-narrow group. Finding the effect in the post-narrow group implied that for these
participants, the effect of virtual narrow shoulder transferred to the arms and that

they felt the need to adjust their standing position to reach the target.

2.4.4 Right hand data

Right hand data analysis was similar to the head data analysis. The preprocessing
procedure was also same as in the head data analysis. So, the average of ten last right
hand data positions were used in the analysis. Moreover, a similar LMM analysis

was used using the same formula as in in the head data analysis:

hand ~ condition * target + (condition * target | participant) 4

Unlike in the head data analysis, ANOVA applied on the LMM showed that
for participants in the post-narrow group, the main effect of shoulder width condition
was non-significant (F(1,1792) = .65, p = .42), whereas the main effect of the target

positions was (F(2, 1792) = 110.09, p < .01). The interaction effect between the
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condition and the distance was also found to be insignificant (F(2, 1792) = 1.02, p =
0.36).

The results for the pre-narrow group demonstrated similar patterns as in the
the post-narrow group, such that conditions did not have a significant effect on the
hand positions of the participants (F(1, 1492) = .22, p = .63), but target positions did
(F(2, 1492) = 4.95, p < 0.01). The interaction of the two main factors was not found
to be significant (F(2, 1492) = .97, p = .37).

For the post-wide group, we found that participants did not change their hand
positions between conditions (F(1, 1492) = 0.004, p = .94), but they changed their
behavior when the target was in different positions on the table (F(2, 1492) = 34.4, p
< 0.01). As in the post-narrow and pre-narrow groups, there was not any interaction
effect between condition and distance (F(2, 1492) = .18, p = .83).

The pattern of results in the pre-wide group was similar to the one in the post-
wide group. There was not a main effect of condition (F(1, 1192) = 0.76, p = .38) but
a main effect of target position (F(2, 1192) = 27.04, p <.01). As in the other groups,
no interaction effect was found between target positions and condition (F(2, 1192) =
0.68, p = 0.51).

These results indicate that whereas right-hand positions did not change in
different conditions, participants successfully discriminated the targets in different

positions on the table.

2.4.5 Perceptual judgment
In order to analyze the perceptual judgment data, we conducted a LMM for each
sequence of experimental conditions, separately. We applied the LMM with the

following formula:
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threshold ~ condition * distance + (distance + condition | participant) (5)

Here, the “threshold” variable represents the responses of the participants as a
dependent variable, while the “distance” variable refers to the distances between the
apertures and the avatar of a participant in the simulation. The variable “condition”
indicates the condition in which a participant completed the experiment before the
perceptual task. In the LMM, all independent variables were categorical. We applied
ANOVA on LMM with a Satterthwaite approximation as in the other analyses.

In the post-narrow group, there was a main effect of condition (F(1, 5.01) =
31.4, p <0.01), which demonstrated that participants responded with smaller
apertures widths in the narrow condition than in the normal condition. There was
also a main effect of distance (F(2, 6.52) = 6.12, p = 0.03), which we did not expect.
When the distance between the aperture and the participants was 1.25, participants
perceived that they could pass through the smaller apertures compared to when the
distance between them was 2.25 m (p = 0.04). A similar effect was also seen between
the comparison of the distances of 1.75 m and 2.25 m (p = 0.01). There was also an
interaction effect between distance and condition (F(2, 262. 05) = 4.17, p = 0.01).
Perception of the pre-narrow group was also reshaped with condition (F(1, 4.22) =
12.55, p = 0.02) such that the minimum aperture length that the participants could
successfully pass was found to be smaller in the narrow condition than in the normal
condition. The main effect of the distance was significant (F(2, 4.71) =11.04,p =
0.01). There was not an interaction effect found between condition and distance for

this group (F(2, 223.03) = 0.4, p = 0.66).
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Figure 7 Absolute perceptual thresholds of two participants in post-narrow condition
The y axis of the figure shows responses of the participants for perceptual
judgement. The x axis represents distances between the participant and the aperture.
As can be seen from the figures, participants responded with lower values when they
were in narrow condition.

For the post-wide condition, the main effect of the condition was preserved
(F(1, 3.00) = 36.3, p < 0.01), although the effect of distances disappeared (F(2, 3.94)
=2.72, p = 0.18). The interaction between distance and condition was not found to
be significant, either (F(2, 173.04) = 2.66, p = 0.07). The pre-wide group showed no
main effect of condition (F(1, 2.00) = 1.98, p = 0.29) and of distance (F(1, 2.03) =
1.98, p = 0.33) and no interaction between condition and distance (F(2, 131.01) =
0.68, p = 0.50).

These results showed that except for the participants who first took the wide
condition and then the normal condition, all participants were able to understand that

the avatar they owned were different between conditions. Moreover, the distance

perception was also affected in the narrow but not in the wide shoulder condition.
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2.5 Discussion

According to the results we obtained from the analysis of the instantaneous velocity
data at a distance of 5 cm from the aperture center, we observed that the participants
could successfully adapt to different shoulder conditions. While we expected to see
the adaptation progress in the experimental paradigm, our analyzes may have failed
to show the adaptation process as the ratio between the door and the virtual shoulder-
width differed continuously in consecutive trials. In other words, the speeds of the
participants constantly changed due to the difficulty level of each trial, and the
reason why the adaptation process was not observed may have been due to the
discrepancies in these speed changes. One could expect that after a participant
adapted to the narrow shoulder, they were expected to slowly pass through the
aperture they had seen in the normal shoulder condition first, and then were expected
to move faster on the feedback they received by hitting the walls. In the opposite
case, it was expected that the participant would first pass quickly and then move
slowly following the adaptation.

In addition to the instantaneous speed, the fact that the participants'
perceptual threshold values were not different under different conditions may be
taken as another indication that they showed adaptation to their novel shoulder
widths.

Our main hypothesis is that if the virtual shoulder width of the participants in
the first part of the experiment is narrower than the shoulder width in the second part
of the experiment, the participants reach farther from the objects on the table because
they would feel their arms longer in the second part of the experiment. In the
opposite case, when the virtual shoulder width of the participants in the first part of

the experiment is wider than the shoulder width in the second part of the experiment,
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participants reach out with their hands closer to the object when the adaptation
occurs. To test the hypothesis, we first analyzed the right-hand data, but we couldn’t
find a main effect of shoulder-width condition on right hand positions.

There are several different explanations for not finding the main effect of
shoulder-width in the right-hand positions. The fact that the participants started the
experiment in different shoulder conditions instead of starting in their own normal
shoulder width affected the adaptation process to the virtual environment, so the
effect of the shoulder condition on the hand could not be observed. Another issue
may be related to the time needed for them to adapt successfully to the self-avatar.
Since participants did not discover the dimensions of the self-avatar together with its
capabilities, they might not have been fully adapted to the virtual body (Day et al.,
2019) but we may have observed an affordance-specific adaptation to the aperture
task. Another possible explanation is that since we disrupt the distance perception of
the participants, they could not adjust their hand positions properly.

Considering that the effect was not observed in participants who first
completed the normal condition and then the wide condition and considering the
adaptation of the participants for pass-through-ability, we can say that the adaptation
on such a perception of pass-through-ability did not transfer to the perception of
reachability. However, although there was no difference in the hand positions of the
participants who first finished the normal condition and then the narrow condition,
they stood further in the narrow condition to reach the target on the table. Standing
closer to reach the target may lead to dismiss the effect of shoulder width on right
hand positions. This suggests that there is an effect of changing shoulder width, but
the effect has an asymmetrical feature that can be observed only when participants

have narrow shoulders after their normal-size.
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CHAPTER 3

SIMULATION EXPERIMENT

This experiment, which we carried out online due to COVID-19 pandemic, was
conducted as a control to the findings obtained in the first experiment. The first
hypothesis was that participants would pass through the apertures at similar speeds in
different shoulder width conditions. The second hypothesis was that the effect of
scaling shoulder width would also scale the arm length. Finally, the last hypothesis
was that scaling shoulder width would affect the perceptual judgements of
participants about the pass-through-ability affordance. In the first experiment,
whereas the instantaneous speed and the pass-through-ability threshold ratio were
similar across different shoulder groups, the effect of changing shoulder width on the
reachability was only seen in participants who completed the experiment in the
narrow shoulder condition following the normal shoulder trials.

The experiment was presented online using the heroku web service, thanks to
a program prepared on the Unity game enginel. No audio or video recording was
taken during the experiment. Informed consents were obtained from the participants
who agreed on to participate in the study. Participants were asked to fill in the

demographic information form after they completed the experiment.

3.1 Participants
Total number of participants was 20. Participants were mostly the ones who joined
from snowball sampling. They were also recruited via convenient sampling on a

voluntary basis. Students who took part in the research participation system from

1You can find the simulation from this site: https://webgl-experiment-2020.herokuapp.com/
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Bogazigi University received course credits in return for their participation; yet
because they did not complete the experiment, their data was not included in the
analyses. The simulation study was designed to be fully compliant with the online
university research ethics requirements and approved by the Bogazici University
Ethics Coordinating Committee (see Appendix B). Confidentiality and anonymity

were ensured by saving data with randomly generated subject ID’s.

3.2 Stimuli and apparatus

Experiment 2 was coded in the Unity 3D Game Engine version 2019.4.13f1. In order
to present the experiment on an online platform, WebGL build of the project was
compiled. All textures and materials in the simulations were as same as the ones in

the VR experiment.

3.3 Procedure

In the simulation experiment, the task was similar to the one in the first experiment.
There were four experimental groups, namely normal-narrow and normal-wide with
grids, normal-narrow and normal-wide with no-grids. We also wanted to control the
horizon with a grid condition in which there was a grid on the ground to simulate the
horizon without changing textures in the environment. So, the groups were normal-
narrow and normal-wide with grid. Moreover, there were some further adjustments
in order to make the online experiment compatible with the VR version. The first
adjustment was about the mouse movement and its corresponding movement on the
computer screen. We included a calibration phase in order to match the movements
in the simulation with the mouse movements of the participants. The second one was

about the avatar, the speed of which was controlled using the mouse wheel. An
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assigned collider allowed the avatar to interact with the objects in the simulation. The
third adjustment was about participants’ understanding of the nature of the task.
After the calibration, participants took part in a training game to understand the
requirements of the task. A hand model representing the real hand was only
presented in the training game but not in the real experiment. Moreover, a red line
signaled the allowed standing positions near the virtual table. After a right click of
the mouse, participants could start reaching a target on the table in the simulation. To
analyze the progress of a participant, we collected the mouse movements at each
rendering frame. If participants were successful in the training game, after having
collected minimum points for each task, they started doing the real experiment with
the same instructions given in the VR experiment. During the experiment, we
collected the virtual position of the avatar and mouse movement at each rendering
frame of WebGL version of Unity Game Engine.

The experiment consisted of four stages. Since the interaction of the
participants with the online system takes place through the mouse, the first step was
the mouse calibration. In the second part, there was a training playground for
participants to adapt to the experimental environment and the experiment interface
and have some user experience in the experiment. In the third part, participants used
the mouse to control an avatar with three different virtual shoulder size (narrow,
normal and wide). In the final part, participants completed the perceptual judgment

experiment for different conditions.

3.3.1 Calibration
There is a variability in the cursor movements of the computer mice we use in

today's technology due to the differences in the operating system, the mouse features
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determined by the user and the hardware features of the mouse. A mouse calibration
phase in this experiment allowed users with different mice to control the avatar
comparably in the simulation environment. At this step, participants were asked to
determine a physical, fixed distance (15 cm) in their real environment so that they
could perform the same behavior in the simulation using the same movement in the
real life (https://webgl-experiment-
2020.herokuapp.com/StreamingAssets/olcum480.mp4). After the start and end points
of this distance were marked, they brought their thumb to the starting point while
using the mouse in a natural way. Having pressed the left button of the mouse with
the index finger, participants moved the mouse to the end point and made another left
button press with the index finger. They then returned to the starting point and the
process was repeated for 25 times. Simultaneously with the distance calibration,
changes in the object size during the forward and backward movements of the mouse
were also calibrated using a display of a red cube scaled with respect to the behaviors
controlling the mouse. The error margin between the displacement distance of the
object and the distance of the mouse was brought to the measure of "mm™ after
repeating the process for 25 times (Figure 8). The mouse wheel was used to control
the speed of the avatar. In a similar way we calibrated the movement of the mouse,
we also introduced a wheel calibration phase, where participants pressed the left
mouse button and turned the wheel forward for 5 times. The end of the calibration

was marked by a second left button press?.

2 https://webgl-experiment-2020.herokuapp.com/StreamingAssets/tekerlek480.mp4
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Belirlemis oldugunuz
farenin sol tusuna basin

Figure 8 Mouse calibration scene in the simulation

In the mouse calibration scene, we displayed instructions, a cube and how much
trials were left for the calibration. Summarized and simplified instructions were
shown to the participants to calibrate the mouse correctly. The cube itself was scaled
by moving the mouse. The text on the right side of the cube showed the size of one
side of the cube. On the right bottom corner, how much trials were left was shown.
3.3.2 Playground

After the calibration phases, participants were taken into a training playground area
for them to get used to the actual experimental environment. There were three
different tasks in this training game environment. These tasks depended on the object
that participants came across on the screen. There were two different objects that the
participant encountered in this simulated environment. Those objects were the same
objects that we used in the first experiment: (1) two building blocks, and (2) a table
without legs. Participants had to accomplish one task for the former and two tasks for
the latter. If participants saw two walls, their task was to pass through the aperture
between the walls without colliding. If it was a table, they were instructed to bring
the avatar they controlled close to the table so that they could reach the object on the

table and press the left button. After bringing a model representing the hand to the

target point on the table, they were asked to make a second left button press. For
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participants to move into the next step, they had to succeed in each of these three
tasks separately. The score for each task was set to 10 points. The criteria for success
were calculated on the points collected while performing the tasks. Participants had
to collect 300 points separately for each task. We collected the task-oriented mouse

movement data in the training game as well as in the real experiment.

3.3.3 Experiment
At this part, participants were asked to cover their right arm with a cover so that they
receive no visual feedback. They then moved onto the actual experimental part. In
the main experimental environment, a trial was consisted of all tasks involving the
two objects displayed independently on the playground. Participants were instructed
to pass the avatar they directed through the aperture without colliding the building
blocks, and then approach the table at a right distance and reach the target on the
table. Unlike in the playground scene, participants were presented with no hand
model in the last task and were given no visual feedback with respect to how close
they were to the target.

The trial generation mechanism was the same as in the first experiment.
There were 3 blocks with 50 trials for each condition. The distance between the
building blocks was generated at ten different distances according to the shoulder
width of the avatar. There were five trials for each different distance in each block.
Therefore, there were 15 trials for each different distance in one condition. In each
block, we avoided that the two consecutive trials did not have the same aperture
width.

Unlike in the playground scene, there was also three different target points on

the table. These were assigned randomly for each block. Since there were 50 trials in
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a block, the number of attempts for target locations was not equal within the block.
Instead, target assignments were made with the total number equal using all three
blocks.

In the experiment with three different independent conditions, a participant
was randomly assigned to one of four different groups, based on our previous
findings and method. One group completed the experiment first in the normal and
then in the wide shoulder conditions, while the other group completed the experiment
first in the normal and then in the narrow shoulder conditions. Those other two
groups completed the experiment with a grid on the ground.

Data collection was also similar to the one in the first experiment. We
collected data related to the participant's speed when passing through an aperture, the
distance between the table and the avatar, and the distance between the target and the

(invisible) model hand.

3.3.4 Perceptual judgment

Similar to the one in Experiment 1, the perceptual judgment task was performed for
control purposes after an experimental condition was completed. In this part,
participants were presented with two building blocks that were located at three
different distances (5 m, 10 m, and 15 m). These building blocks were slowly
approaching each other with 0.2 m/s. In any single trial, participants were asked to
press the left mouse button at the minimum distance they thought the avatar they
controlled could pass through the aperture. There were 12 trials for each distance,
making a total of 36 trials in total. Following the perceptual judgment task,

participants filled in a body perception questionnaire (Appendix C and Appendix D).
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3.4 Results

We conducted five different analyses, each of which corresponded to the different
parts of the experiment. The first analysis was about instantaneous speed, which
checked the hypothesis that there was an adaptation to the novel body morphology
for each different shoulder width condition. The second analysis was about deriving
the psychometric threshold functions which demonstrated the performances of each
participant in the aperture task for pass-through-ability affordance. The second and
the third analyses were applied to check that whether there is an effect of novel
shoulder width on the reachability affordance. For these analyses, the head data and
right-hand data were selected as dependent variables, respectively. The last analysis
was used to check the body adaptation perceptually. In all analyses, we used LLM,

and the formulas were given in Wilkinson notation.

3.4.1 Instantaneous speed

Unlike calculating the instantaneous speed in the virtual reality experiment, it was
not needed in the simulation experiment. The avatar speed in the simulation
experiment was recorded in each rendering frame. The door task was completed

when the avatar was in between the aperture walls. LMM was used with the formula

(6).

speed ~ ratio * condition * grid + (condition + ratio | participant) (6)

Where the “speed” dependent variable referred the instant speed at which the
avatar was moving when it was 5 cm away from the center of an aperture. Avatar
shoulder width condition (narrow, normal, or wide) was indicated with “condition”

variable. “ratio” variable was the ratio between the aperture width and avatar
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shoulder width. Having a grid on the ground in the simulation environment was
expressed as “grid” variable. Those three independent variables were assigned as
categorical variables in the LMM and they had 3, 10, and 2 categories, respectively.
“participant” variable was added to LMM as a random effect for condition, ratio, and
intercept because it was assumed that the degree of adaptation and performance were
different for all participants.

ANOVA for LMM with Satterthwaite approximation showed that having a
grid on the ground did not affect the speed (F(1, 15.74) = 3.14, p = 0.09). There was
a main effect of condition on speed (F(2, 8.51) = 6.01, p =0.02), and participants
were faster when in the wide condition than when they were in the normal and
narrow conditions (p = 0.013 and p < 0.01 respectively), but there was not any
difference between the narrow and normal conditions (p = 0.37). As expected, there
was a main effect of ratio (F(9, 39.129) = 2.75, p = 0.01). Since there were ten
different categories for the ratio, instead of reporting 45 different pair results, speeds
in the trials when the ratio was 1.1 and 1.55 were compared and it was found that the
latter is bigger than the former one (p < 0.01).

As in the VR experiment, we found that when controlling the avatar,
participants did not change the speed of it in different conditions, but they made the

avatar faster when passing through the wide apertures.

3.4.2 Aperture threshold ratio

Aperture threshold ratio is the ratio between a participant and an aperture such that
the participant can pass through the aperture with a success of 75%. In order to
calculate the threshold for each participant, psychometric functions were obtained

with the help of psignifit library in MATLAB. LMM was used with the equation (7).
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threshold ~ condition + grid + (1 | participant) @)

where ANOVA was applied to LMM. There was found to be no main effect
of condition (F(2, 27.748) = 0.71, p = 0.50) and grid (F(1, 17.791) = 0.48, p = 0.49).
So, the performances of participants were similar in different conditions and having a

grid on the ground did not affect performances (see Figure 9 and Figure 10).

Thresholds for Conditions (75% success)

157

147

1371

1271

Ratio (Aperture Width / Shoulder Width)

narrow normal wide
Conditions

Figure 9 Psychometric thresholds with 75% success in simulation

The y axis of the figure shows the ratio between the aperture width and the virtual
shoulder width. There is not any difference between conditions except for the normal
condition in the thresholds obtained from psychometric functions with a success of
75% when passing through an aperture in the simulation.
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FWD Normal Condition Performance in Aperture Task
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Figure 10 Psychometric functions of FWD in aperture task
The y axis of the figure shows the success rate of a participant when passing through
an aperture without colliding sidewalls. The x axis shows the ratio between aperture

width and shoulder width. The blue dots represent the success ratio of a participant
for 10 different ratios between apertures and shoulder.

3.4.3 Head data
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Head data analysis is related to the reaching task on a table which came after an
aperture. The head data refers to the position at which avatar stands in order to reach

a target on the table. LMM was applied to the head data with the formula (8).

head ~ condition * target * grid + (condition * target | participant) (8)

The target position on the table is indicated with “target” variable and it is a
categorical variable which has 3 different categories (near, middle and, far). ANOVA
applied on LMM with Satterthwaite approximation showed that people did not
change the position of the controlled avatar when a target was shown in different
positions (F(2, 22.347) = 2.72, p = 0.08) but when participants controlled the avatar
in different conditions, people adjusted the position of the avatar (F(2, 15.245) = 9.4,
p <0.01). Post-hoc analysis showed that participants made avatar move closer to the
target when they were in the narrow condition than when they were in the normal
condition (p < 0.01), but there was no difference between the avatar positions when
they were in the normal and wide conditions (p = 0.14). There was a not statistical
difference between the positions of the avatar controlled by participants who saw
grid on the ground and the positions of the avatar controlled by those who did not see
grid on the ground (F(1, 17.712) = 0.76, p = 0.39). All the interaction effects
between target position, condition and grid were statistically insignificant (p > 0.05).

As in the analysis of head data positions in VR experiment, we found that the
main effect of shoulder width condition on the avatar standing positions is
significant, but the effect was only seen when participants took part in the narrow
after the normal condition. Unlike in the VR experiment, we did not find any effect

of target position in the simulation experiment.
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3.4.4 Right hand data
When it comes to the right hand data analysis, the last position of the avatar hand, at
which participant gave the final response with the click of a left mouse button, was
used as a dependent variable. The same formula in the head data analysis was used in
LMM. ANOVA was also applied to LMM as in the head data analysis case.
When participants saw a target in a different position on a table, they adjusted their
hand movements (F(2, 16.08) = 12.06, p < 0.01). Post-hoc analysis showed that there
was a difference between the hand positions of the participants when the target was
at the near and middle positions (p < 0.01). The same difference was also found
between the target at the middle and the target at the far position (p = 0.02).
Moreover, people also changed their behavior when in different conditions (F(2,
13.08) = 5.63, p = 0.02). When applying post-hoc analysis, we found that while
participants were in narrow condition, they moved closer to the target than the
normal condition (p = 0.01). However, as in the head data, there was not a difference
between normal and wide conditions (p = 0.18). Having a grid on the ground in the
simulation environment did not change the behavior as in the head data analysis
(F(1, 17.438) =0.58, p = 0.45). There was no interaction found between condition,
target position and grid (p > 0.05).

The results were aligned with the results in VR experiment for the right-hand
data but there is only one difference that there was an effect of shoulder width

condition on reachability task.

3.4.5 Perceptual threshold
The last part of the analysis is about perceptual threshold experiment, which was

conducted after each condition. LMM was applied with the formula (9).
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threshold ~ distance * condition * grid + (condition + distance | participant)  (9)

Here, “threshold” variable refers to responses of the participants, and it is the
dependent variable. “distance” variable corresponds to distances between apertures
and the avatar of a participant in the simulation while “condition” indicates the
condition in which a participant completed the experiment before the perceptual task.
“grid’ variable indicates whether the simulation environment has grid on the ground
or not. In the LMM, all independent variables were categorical. ANOVA on LMM
was applied as in the other analyses.

There was a main effect of condition (F(2, 16.378) = 3.9, p = 0.04), which
showed that participants who were in the normal condition responded with larger
aperture widths when they were in the normal condition than when they were in the
narrow condition (p = 0.02). However, there wasn’t any difference between the wide
and normal conditions (p = 0.78). There was neither a main effect of grid (F(1,
17.841) = 0.11, p = 0.74) nor a main effect of distance (F(2, 20.175) = 3.39, p =
0.053). Moreover, there was not a significant interaction effect between condition,

grid, and distance either (p > 0.05).

3.4.6 Body ownership questionnaire

Body ownership questions were evaluated with the following procedure: The first
and the fourth questions were related to bodily alienations, so the answers for these
questions were substracted from 10. After substracting, the mean of the all answers
were calculated for all groups. Two-way ANOVA was applied to the mean scores
with conditions and grids as main effects. There was not any main effect of condition

(F(1, 16) = 2.55, p = 0.13), and of grid (F(1, 16) = 0.03, p = 0.84). There was not any
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interaction between condition and grid either (F(1, 16) = 0.13, p = 0.72). These
results showed that participants in different groups did not show any difference in

body ownership.

3.5 Discussion

According to the results we obtained from the analysis of the instantaneous velocity
data at a distance of 5 cm from the door center, we found that the participants
adapted to different shoulder conditions. Since we did not change the paradigm to
find the process, as in the VR experiment, the adaptation process of the novel
shoulder width was lost in the speed changes between trials.

In addition to the instantaneous speed, the fact that the participants' threshold
values were not different under all conditions is another finding that showed their
adaptations. It also supports our results from the VR experiment. It is also worth to
mention that even if the experiment was a simulation, it gave us meaningful results
about the adaptation for the novel shoulder widths.

Results from the head and right-hand data analyses showed that adaptation of
the participants to the novel shoulder width changes the way they interact with the
environment only when they adapt to the narrow shoulder condition. In our case,
participants who took the narrow condition after the normal condition changed their
reaching behaviors to reach the target on the table.

Perceptual threshold results also supported our results from the analyses of
the head and right-hand data in the simulation. Whereas participants in the narrow
condition understood boundaries of the avatar controlled in the simulation, those who
controlled the avatar in the wide condition didn’t seem to have the same effect.

Although the psychometric thresholds were similar in all conditions, it may not be
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enough for participants in the wide condition to understand the boundaries of the
avatar.

From the simulation experiment, we reached to a conclusion that participants
could understand the abilities and the boundaries of an avatar when they were in the
narrow after the normal condition. Not finding such results for participants who took
the wide condition after the normal condition supports the idea that the effect of

changing shoulder width is asymmetrical.
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CHAPTER 4

GENERAL DISCUSSION AND CONCLUSION

Our results showed that when participants controlled avatars with different shoulder
width, their speed and psychometric thresholds were similar to each other. Moreover,
we found similar results for perceptual judgement task in both VR and simulation
experiments except the fact that participants who completed the wide shoulder
condition after the normal in the VR had a perceptual awareness of their virtual body
dimensions whereas this effect was absent in the simulation experiment. Our
reachability task analysis showed that there was an effect of scaling shoulder width
when participants completed the narrow condition after the normal (see Appendix E
for summary).

Warren and Whang (1987) demonstrated that there is a constant ratio between
shoulder width and aperture width when passing through an aperture. Another study
conducted by Warren (1984) also showed that the relationship between leg length
and stair width is body-scaled. Our results were aligned with the body-scaled
relationship as opposed to extrinsic or absolute metric. The relationship between the
sizes assigned in different body proportions and the aperture width remains constant.
On the other hand, Higuchi et al. (2006) conducted an aperture task in which there
were external tools to extend the shoulder width to pass through an aperture and, they
did not find a body-scaled relationship when passing through an aperture. Instead,
the relationship was explained in terms of absolute metrics. These results led us to
say that when participants own a body, they have a body-scaled relationship with the

environment but the relationship changes when using external tools.
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When comparing the simulation study to the VR experiment, the results are
similar for the pass-through-ability. The psychometric thresholds of participants to
pass through an aperture are also similar. Since results from both studies support
each other, we can suggest that people can embody a novel shoulder and show
similar performances.

Fath and Fajen (2011) found in a virtual reality study that the locomotion and
perceptual judgement did not differ in an environment with horizon and an
environment without horizon. However, not finding hand effect in virtual reality led
us to add a grid condition in the simulation experiment because we thought that the
presence of grids might influence the reaching behavior of the participants. The
results in the simulation experiment showed that this was not the case. Moreover,
grid condition did not affect the perceptual judgment and performance of participants
in the pass-through-ability task, either. So, our results rather supported the findings
of the study of Fath and Fajen (2011) for grid condition.

Considering the analyzes we made on hand and head data, participants who
completed the narrow condition moved closer to the table. The absence of this result
for the participants who first took the narrow condition in the VR experiment is a
sign that the conditions are affected by each other. The fact that this effect does not
appear in the wide shoulder condition indicates that there is an asymmetry in the
effect of changing shoulder width.

When we compared the results we obtained in the hand data, the effect of the
shoulder width condition, which was seen in the simulation, but not found in the VR
experiment, was an unexpected result, but we think that the results may be explained
through the proprioceptive and visual feedbacks. On the simulation, there was a fine-

tuning part as the participants reached the target. After making this adjustment, since
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the avatar on the simulation remained in a fixed position, the stimulus on the screen
did not change, while reaching the target with their hands. Thus, participants moved
their hands further in the narrow condition. Another explanation is that the
proprioceptive feedback during the simulation was also in a fixed position, which
further boosted the effect. In the VR experiment, on the other hand, there was an
update on the visual system and change in the proprioceptive feedback caused by the
active movement of the participants, due to the head movement. Because of the
update, there was no difference between the shoulder conditions while the
participants reached the targets.

According to the hypotheses we had established, we expected that the
participants would reach the targets from a farther distance in the wide shoulder
condition, but we did not find such results. We thought that when we performed the
perceptual threshold experiment, the participants would realize that they had broad
shoulders, but when we evaluated the same result together with the simulation
experiment, we observed that the participants could not fully understand the limits of
their bodies in the broad shoulder condition. These results are aligned with the results
in the study by Day et al. (2019), which indicated that it takes time for people to
understand the boundaries and capabilities of a novel body.

When considering the asymmetry we found in the study, we can evaluate the
asymmetry from the point of view in the RHI. In one study (Pavani & Zampini,
2007), it was observed that the participants could not internalize the largest of the
five different sized plastic hands, and therefore the effect of the illusion was
weakened. In our study, we can say that even when no visual stimulus related to the
hand or body is given, RHI and our study may affect the same area which is related

to the mechanism of embodiment. Another explanation is that the participants might
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not have understood the dimensions of their bodies because they could not fully
understand the collision feedback they received while passing through the aperture in
the wide condition as the participants decided whether they could pass through a
wide gap from a certain distance while performing the pass-through-ability task. If
they could not see the walls in the visually incoming information during the decision,
the body limits may not have been fully understood because the collision occurred in
the absence of awareness.

The fact that we found an effect on the reaching task of the participants while
only changing the shoulder width showed that there is a common feature between
these two affordances. The common feature may be due to two different reasons.
Due to the adaptation of the novel shoulder widths, there may be a change in the
body schema of the participants and this change may also affect reaching out with
the hand. According to this inference, we can say that body images are reshaped after
passing through a common area in the brain. The effect can also be explained
through the affordance hierarchy (Wagman, Caputo, & Stoffregen, 2016). There are
lower-level affordance types for the pass-through-ability and the reachability in the
affordance hierarchy. The pass-through-ability and reachability of these affordances
are evaluated. In our study, we may have affected a perceived common lower-level
affordance which is shared by those two affordances. In other words, the change in
the shoulder, which affects the pass-through-ability, may have changed the lower-
level affordance type, and the effect may have occurred in the reaching action due to
the change of the lower-level affordance.

Overall, performances of the participants were similar for the pass-through-
ability task. However, without using any visual feedback about the body, we showed

that participants moved closer to the target for the reachability task after having
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narrowed down the shoulder width even in the simulation. For a future work, the
relationship between the pass-through-ability and the reachability may be
investigated by manipulating the arm-span length to see whether those two

affordances do in fact affect one another.
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Dog. Dr. Erhan Oztop - Ozyegin Universitesi, Bilgisayar Miihendisligi
Dog. Dr. Emre Ugur Bogazigi Universitesi, Bilgisayar Miihendisligi
Dog. Dr. inci Ayhan Bogazigi Universitesi, Psikoloji

Safa Andag Bogazici Universitesi, Bilissel Bilim

Projenin siiresi
(Baslangic ve bitis tarihi)

Proje stiresi 5 aydir. Baslangici 20 Kasim 2019, Bitisi 20 Nisan 2020

Arastirmanin Amaci ve
Ozeti

Arastirma sanal gergeklik (Virtual Reality) ortamlarinda kullanicilara
atanan sanal bedenlerin (avatarlarin) benimsenme siirecine
odaklanmaktadir. Arastirmanin amaci, katiimcilara farklh omuz
genisliklerinde avatarlarin atanmasi durumunda cesitli ebatlardaki
gecitlerden gecerken gosterdikleri davranislari gézlemlemektir. OZU
Sanal  Gergeklik  Laboratuvar’nda  vyiritilecek  deneyde,
katimcilardan sanal gergeklik bagliklarini takmalari ve ellerine verilen
kumandalarla sanal iki duvar arasindan gegerek ileride gériinen bir
diigmeye basmalari istenecektir. Coziilmeye caligilan temel sorular,
avatar sahiplenme siirecinin evrelerinin belirlenmesi ve kullanicilarin
kisisel beden imajlarinin, avatarlari vasitasi ile ne derece manipiile
edilebilir oldugunun anlasiimasidir.

Aragtirmanin Yontemi

Deneyler Ozyegin tiniversitesinin sanal gerceklik laboratuvarinda

(OZU VR Lab) gerceklestirilecektir.
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Katihimcilara VR gozliikleri giydirilerek ellerine gérev takiplerinde
kullaniimak tzere birer adet kumanda verilecektir.

Deneyin gergeklestirecegi alan 3 x 5 m? boyutlarindadir. Deneyin
baglangicinda, katilimcinin orijinal boy yiiksekligi ve omuz genisligi
viicut 6lgilerinin kaydedilmesi amacli olarak, Sanal gbzlitk uzamsal
yuksekligi ve kollarin yatay olarak agilim pozisyonunda VR kumanda
cihazlarini iceren bir 6lglim protokolii takip edilecektir.

Bunu takiben katilimcilara sanal gergeklik ortaminda farkli ebatlarda
gecitlerden gegme gorevi verilecektir. A noktasindan B noktasina
yiriime mesafesi 4m uzunlukta ayarlanmistir. Katihmcilardan bu
noktalar arasinda ileri geri ylrimeleri ve alanin sonundaki sanal
diigmelere basmalari istenecektir. Bu esnada katilimcilara atanan
avatarlarin omuz genislikleri farkh &lgtiler atanarak manipiile
edilecektir. Katiimcilarin gegitlerden gegerken kumandalardan ve
sanal gergeklik bashigindan gelen konum verileri, hizlanma ve
yavaslama gibi davraniglarin analizi igin kaydedilecek, bu davranislar
sanal omuzlarin ne derece igsellestirildiginin parametrik ve nesnel
endeksleri olarak degerlendirilecektir.

Deney sonunda, sanal omuzlarla iliskili yapilan manipilasyonun
katilimcr Gzerindeki etkilerini 6lgmek iizere bir beden aidiyet dlcegi
verilecek, katiimcilardan bu &lgekteki sorulara yanit vermeleri
istenecektir. Beden aidiyet 6lcegi, sanal bedene olan adaptasyonu ve
sanal omuzlarin ne derece igsellestirildigini &lgen sorular
icermektedir.

Etik ve Veri Yonetim Plani

Bu caligmadan elde edilecek bilgiler tamamen arastirma amaci ile
kullanilacak olup kisisel bilgiler gizli tutulacaktir. Calismaya
katilanlarin isimleri ya da kurumlari higbir yerde yazilmayacak
bunlarin yerine kod isimler kullanilacaktir. Bu aragtirmaya ait biitiin
kayitlar ve dosyalar yalnizca aragtirmacilarin erigimindeki sifreli
bilgisayarlarda korunacak, bagka bir ortama aktariimasi
durumunda ise sadece kilitli dolaplarda saklanacaktir. Katiimcilarin
verileri anonimize edilerek akademik yayin amaci ile kullanilabilir.
Veriler calisma tamamlandiktan sonra ve bilimsel yayinlar
yayimlandiktan 5 yil sonra silinecektir.

Katihmai Ozellikleri

Caligma icin hedeflenen katilimai sayisi 30 dur. Katiimin génaillilik
esasina dayall olmasi planlanmaktadir. Hedeflenen katilimei profili
daha 6nce Sanal gergeklik deneyimi olan ve olmayan gruplardan
secilecektir. Katilimcilar OzU Deney Katiimci Sistemi  (SONA)
Uzerinden segilecektir. Yapmak istedigimiz aragtirmanin fiziksel ya da
duygusal herhangi bir risk getirmesi beklenmemektedir. Kimi

CHs 4 -
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katiimcilarda sanal gergeklik calismalarinda zaman zaman rastlanan
mide bulantisi, bas donmesi gibi hafif seyirli rahatsizlik gdstergeleri
belirebilir. Bu durumlarda calisma hemen kesilecek ve galigmaya
devam edilmeyecektir.  Katiimcinin rahatsizlig sona erene kadar
kendisine eslik edilecektir.

Deneye giren katilimcinin SONA sistemi Gizerinden kendisine COD 312
ya da COD 202 derslerinden birini almasi durumunda 1,5 kredi
verilecektir.

Arastirma Bitgesi ve

Deneyler Ozyegin (niversitesinin sanal gerceklik laboratuvarinda

Kaynaklari (OZU VR Lab) gergeklestirilecektir. Deney icin gerekli olan sanal
gergeklik baslg ve kumandalar halihazirda laboratuvarda mevcuttur.
Katiimcilara para gibi herhangi maddi bir tegvik verilmeyecektir.

Ek Belgeler Asagida siralanmig olan belgeler ekte sunulmustur:

EK 1. Bilgilendirme ve géniillti katilim formu (Form B)

EK 2. Kontrol Listesi (Form C: isaretler ve imzalar tamamlanmig olarak)
EK 3. Katilimeci Onam Formu

EK 4. Katilima Bilgi Formu

EK 5. Beden Aidiyeti Anketi

EK 6. Katihmci Cagri Yazisi

Ozyegin Universitesi iletisim Tasarimi Ogr. Gér. Can Bora Sezer'in yiriitiictiligiini Gstlenecegi “Sanal
Gergeklik Ortaminda Beden Algisi” baglikli proje degerlendirilmistir.

Proje etik agisindan uygun bulunmustur. X
Projenin etik agisindan gelistiriimesi gerekmektedir. J
Proje etik agisindan uygun bulunmamistir. |:|
imzalar:

B

A

Prof. Dr. Canan Ergin
Etik Kurulu Bagkani

67: Sibel Oktar Dr. Ceren Hayran Sanli
Etik Kurulu Oyesi Etik Kurulu Uyesi
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APPENDIX B

ETHICS COMMITTEE APPROVAL FOR ONLINE SIMULATION

Evrak Tarih ve Sayisi: 29.03.2021-9900

T.C
BOGAZICI UNIVERSITESI
SOSYAL VE BESERI BILIMLER YUKSEK LISANS VE DOKTORA TEZLERI ETIK INCELEME
KOMISYONU }
TOPLANTI TUTANAGI
Toplant1 Sayis1 : 14
Toplant1 Tarihi  :  25.03.2021
Toplant1 Saati :13:00
Toplant1 Yeri . Zoom Sanal Toplanti
Bulunanlar . Dr. Ogr. Uyesi Yasemin Sohtorik flkmen, Prof. Dr. Ebru Kaya, Prof. Dr. Fatma Nevra Seggie
Bulunmayanlar
Safa Andag
Biligsel Bilim
Sayin Arastirmaci,

"Sanal Gergeklikte Omuz Genisligini Olgeklendirmenin Erigilebilirlik ve Gegilebilirlik Saglarhklan Uzerine
Etkisi " baghkl1 projeniz ile ilgili olarak yaptigimz SBB-EAK 2021/10 sayil bagvuru komisyonumuz
tarafindan 25 Mart 2021 tarihli toplanfida incelenmis ve uygun bulunmustur.

Bu karar tiim tyelerin toplantiya ¢evrimigci olarak katihmi ve oybirligi ile ahnmistir. COVID-19 énlemleri
kapsaminda kurul tiyelerinden 1slak imza alinamadig1 i¢in bu onam mektubu tiye ve rapoitér olarak Ebru Kaya

tarafindan buttin tiyeler adina e-imzalanmgtir.

Saygilarimizla, bilgilerinizi rica ederiz.

Prof. Dr. Ebru KAY A
UYE

e-imzalidir
Prof. DrEbru KAYA
Raportor

SOBETIK 14 25.03.2021
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APPENDIX C
BODY OWNERSHIP QUESTIONNAIRE

(ORIGINAL TURKISH VERSION)

1. Deney sirasinda sahip oldugum bedenin kendi bedenimden farkli oldugunu

hissettim.

Kesinlikle katilmiyorum 0123456789 10 Kesinlikle katiltyorum

2. Kendi bedenimle sanal ortamin igindeymisim gibi hissettim.

Kesinlikle katilmiyorum 0123456789 10 Kesinlikle katiltyorum

3. Sanal bedeni kendimin kontrol ettigini hissettim.

Kesinlikle katilmiyorum 0123456789 10 Kesinlikle katiltyorum

4. Deney sirasinda kendimi disaridan izliyormusum gibi hissettim.

Kesinlikle katilmiyorum 0123456789 10 Kesinlikle katiltyorum

5. Gergeklestirdigim eylemlerin benden kaynakli oldugunu hissettim.

Kesinlikle katilmiyorum 0123456789 10 Kesinlikle katiltyorum
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APPENDIX D

BODY OWNERSHIP QUESTIONNAIRE

1. | felt as if the virtual body that | owned during the experiment was different from

my real body.

Strongly Disagree 01234567 89 10 Strongly Agree

2. | felt as if my body was immersed in the virtual environment.

Strongly Disagree 01234567 89 10 Strongly Agree

3. I felt as if | controlled virtual body.

Strongly Disagree 01234567 89 10 Strongly Agree

4. | felt as if 1 was watching myself from third person view during the experiment.

Strongly Disagree 01234567 89 10 Strongly Agree

5. | felt as if the actions were manifested by myself.

Strongly Disagree 01234567 89 10 Strongly Agree
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APPENDIX E

COMPARISON OF VR AND SIMULATION EXPERIMENTS

Analyses VR Experiment Simulation
Instantaneous Similar across all Faster in wide shoulder
Speed conditions condition
Psychometric Similar Similar

Thresholds

Head Data Participants with narrow | Avatars with narrow
Analysis shoulders moved closer | shoulders were moved

closer

Right-Hand Data

No change in hand

Invisible hand was

Analysis position moved closer to the
target in narrow

Perceptual Pre-wide group did not | Wide group did not

Threshold understand the understand the

boundaries of the body

boundaries of the avatar

body
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