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Abstract:

This thesis examines the viability of
a novel visual transition technique
in virtual reality (VR) designed for
a physically constrained environment:
the Out-of-Vision transition technique.
Applied within an escape room-style
VR game using natural walking loco-
motion, the novel method is evaluated
in comparison with an established
technique of impossible spaces, imple-
mented as a scene transition method.
The method is evaluated in terms of
users’ perceived sense of presence,
continuity, as well as user preference.
The study used a between-subjects and
a within-subjects experimental design,
using a structured Likert-scale ques-
tionnaire.

Results suggest that both techniques
were usually effective in maintaining
high levels of immersion and continu-
ity. However, comparative evaluation
revealed a consistent preference for the
corridor-based method in terms of per-
ceived sense of presence and continu-
ity. While the user preference ratings
did not show a statistically significant
difference, the analysis of additional
qualitative data exposed the strengths
of the proposed Out-of-Sight transi-
tion method in its potential to create
seamless experiences, in contrast with
a more grounded corridor-based tech-
nique. Findings suggest that narra-
tive context and user behavior play an
important role in determining which
technology is more effective in provid-
ing a rich Virtual Reality experience.
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Chapter 1

Introduction

Virtual reality has been present in the gaming market for a while. Its popularity,
while constantly rising [11], remains a niche branch of the gaming industry][1].
What cannot be ignored, however, is the large expansion of XR technologies into
industries not associated with video games, like medicine and real estate [11].
During recent years, the advancements in VR hardware have made the technology
more accessible for the average user than ever before. Major companies like Meta,
Apple, HTC, Steam, and PlayStation have all released their flagship HMDs (Head
Mounted Displays) in the last 2 years, with some of them joining the market of
HMD:s for the very first time.

While the topics discussed in this paper are mostly related to gaming, it remains
to be seen if the continuous growth of VR technology will affect the impact of
these methods in the broadly understood XR solutions. Regardless of the area of
usage, the VR applications are constrained by a few major issues present since the
very first implementation of an HMD, greatly hindering the potential and scope of
Virtual Environments, especially when it comes to locomotive aspects of the tech-
nology. The vast majority of VR games, take advantage of the fact that the HMD
technology translates well into first-person experiences, utilizing HMD sensors:
gyroscope and accelerometer for determining the viewport’s position and rotation
inside the Virtual Environment. That, in addition to the parallax effect provided by
the dual-screen display, contributes to the elevated sense of immersion and pres-
ence compared to traditional video games[32][8].

When it comes to the navigable VR applications, video games seem to be a medium
with the most incentive for creating complex and compelling environments, while
the VR applications tailored towards either practicing or aspiring professionals de-
fined When it comes to navigation inside Virtual Environments, each of the known
methods seem to come with it’s share of limitations[4].
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1.1 Navigation techniques

In recent years, natural walking has become an interesting eld of research in the
eld of VR. In the review published by C. Boletsis on locomotion techniques, both
real and redirected walking constituted a signi cant part of the examined research.
Similar research has been conducted by H. Cherni et al. |4] with much emphasis
on evaluable attributes of each locomotion techniques. Unsurprisingly, Natural
Walking performs very well when measured up to even the most novel techniques.
The sense of presence, intuitiveness, and ease of use, as well as a rather low rate of
inducing motion sickness among users, make natural walking a great method of
locomotion in producing highly engaging virtual experiences[20].| On the down-
side, the absolute reliance of natural walking on real-world coordinates translation
into the Virtual Environment highly hinders its viability as a navigation method in

VE covering larger areas than the available physical space. Of course this hurdle
can easily be overcome by simply turning to another navigation technique, such
as teleportation or a joystick; the practicality of the solution is undeniable. The
majority of large-scale applications, such as big-budget video games, tend to favor
these locomotion techniques, as they do not require a large physical play space,
as in the case of natural walking. Methods like redirected walking aim to solve
this problem, however they rely on being tailored around explicit knowledge of
the player's behavior throughout the stage and require the game designer to take
into consideration the available tracking space. The lack of knowledge about the
exact tracking space available to the end user can be quite an issue for the game
designer; however, HMD manufactures always provide their users with guidelines
regarding the minimum and recommended tracking space size for comfort and
safety. That, alongside the access to the exact dimensions of the user's tracking
space through the hardware API, enables developers to design a exible virtual
environment that can be automatically adjusted to the size of the available physi-
cal space in a procedural manner.

1.2 The scene and its stage

In game development, a scene is a technical term often de ned as a self-contained
environment or either a segment, or a whole chunk of each of the discreet stages
comprising a video game. A scene contains all the assets utilized during a single
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moment of gameplay, which can be added or removed from the scene at any point,
which affects the amount of resources used by the program to process all the data
and logic required by the assets, like memory or computational power. Scenes are
commonly used in commercial Game Engines like Unity or Unreal Engine. They
can be loaded independently, allowing developers to manage resources and overall
ow of the game[9]. This approach favors the modular approach to video game
development, making the creation of complex, multi-stage experiences more ef -
cient, given how many games are a collaborative effort of a few, or even hundreds
of developers.

Some of the aspects of a scene, as described in technical terms are:
1. Renderable objects: 3D models or 2D sprites.

2. Lighting objects: The set of light sources determining the visibility of objects
within the scene. Crucial in realistic 3D simulations.

3. Audio: Sound effects, music, and ambience.
4. Cameras: De nes from which point of view the scene will be rendered.

5. Scripts: The game logic, governs the behavior and relationships between ob-
jects.

6. Physics objects: Collision boxes, particle systems, object utilizing rules of
physics in simulating collisions, uid behavior, and others.

A stage, however, is not typically a technical term, but instead a concept in game
design used to differentiate discrete segments of a game, based on themes, game-
play mechanics, story of the game; they are often clearly de ned and communi-
cated to the user by the developers. For example, in a platforming game like Super
Mario or Celeste, a stage might consist of levels sharing a distinct theme like a
snowy forest or a medieval castle. It is a common practice for a stage to be a
collection of interconnected scenes using more or less explicit transition methods.
Undoubtedly, the most commonly encountered method of scene transitioning is
a simple fade-to-black effect; however, in the case of Virtual Reality systems, it
might be just as intrusive and immersion-breaking as simply asking the user to
take off the HMD while the program switches in-between scenes. After all, real
life does not incorporate intrusive scene transitions and loading screens, so either
eliminating them or choosing solutions that make the scene transition as seamless
as possible might signi cantly improve the overall experience.
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Figure 1.1: Super Mario 64 stage 1. This stage introduces the forest-like theme and requires the
player to navigate branch-like platforms.

Figure 1.2: Super Mario stage 2. This stage introduces swimmable water pools and requires the
player to jump through oating platforms.
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1.3 Motivation and Background

Virtual Reality(VR) is uniquely immersive with the ability to evoke a strong sense
of presence, arguably the most effective out of any widely available digital medium.
This heightened state of immersion stems from the user's senses being fed highly
adaptive stimuli based on changes in orientation and position of the head, which
result in an illusion of being physically situated within a virtual environment,
where depth, spatial audio, and responsive interaction coalesce to create a vivid
sensory experience. Compared to monoscopic displays, VR enables interactions
that are not only more engaging but also more physically intuitive, which is critical

in applications ranging from entertainment and education to therapy and training
simulations.

However, despite these advantages, VR still faces signi cant challenges when it
comes to user locomotion. Physical limitations of tracking spaces and safety con-
cerns constrain the extent to which users can move naturally. As noted by Nilsson
et al., the problem of bridging the gap between real-world walking and free-form
virtual locomotion remains unsolved. Current solutions commonly implemented

in VR-focused software include arti cial joystick-based movement, teleportation,
and redirected walking techniques. Each of them presents its own trade-offs in
terms of user comfort, spatial coherence, and immersion. In the case of a natural
walking application, issues become especially prominent when attempting to de-
sign large-scale, multiscene environments that users can explore continuously and
intuitively.

In response to these challenges, this work investigates a newly proposed method of
scene transition intended to complement natural walking as the primary mode of
navigation. The study compares this approach to established methods that employ
"Impossible Spaces" techniques, which use spatial illusions and architectural redi-
rection to allow multiple virtual environments to co-exist within a limited physical
area. Such designs often leverage transitional elements, such as corridors or doors,
to manage user movement between scenes with relatively low immersion-breaking
rate.

The primary objectives of this research are as follows:

* To evaluate the effectiveness and user experience of the proposed scene tran-
sition technique in comparison to traditional methods using Impossible Spaces.

» To identify and articulate key design principles for developing multi-scene,
continuous VR experiences that operate effectively within restricted tracking
spaces.

» To introduce and explore the concept of the Out-of-Sight Scene Transition,
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which involves altering the virtual environment during moments when the
user's attention is diverted or their eld of view is obstructed, thus enabling
seamless, hidden transitions without disrupting the user's sense of presence.

Through this exploration, the study aims to contribute to the growing body of
knowledge around spatial design in VR and offer actionable insights for creating
more uid, immersive, and spatially ef cient virtual experiences.

The unparalleled ability to provide a high sense of presence and immersion makes
VR an extremely attractive medium, with its ability to elevate what can be provided
by monocular displays to new levels. Although the gap between real walking and
unrestrained virtual locomotion has not been bridged, as pointed out by Nilsson
et al.[21], this work aims to examine a newly proposed method of scene transition
and measure it against established methods of implementing Impossible spaces
connected through a corridor as a form of scene transition, as well to outline de-
sign principles and methods for creating multi-scene, continuous VR experiences
in a restricted tracking space utilizing natural walking as the main navigation tech-
nique, and to propose an Out-of-Sight Scene Transition.
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Related work

The following section will cover various research ndings in the eld of natural
walking in VR, impossible spaces, and change blindness. The reliance of the pro-
posed method on the following theory makes it imperative for the designer to
understand the underlying physiological mechanisms accompanying changes in
the virtual environment.

2.1 Locomation techniques

As laid out by Zheng et al.[36], the goal of every Virtual Reality system is to pro-
vide the user with a sense of naturalness, which describes the degree to which a
Virtual Environment replicates stimuli provided by interacting with the real world.
The factors encompassed in this concept include, but are not limited to: sensory
delity, sense of immersion, and being provided with appropriate sensory feed-
back. Sensory feedback is an important topic of research within Virtual Reality.
As described by Reason & Brand [24], all provoked motion sickness responses are
characterized by a condition of sensory rearrangement in which visual stimuli, the
vestibular and nonvestibular proprioceptors, are at odds with each other, or with
what is expected on the basis of past experience.

Motion and Simulation Sickness are closely related phenomena [12] that share
common causes and symptoms, including sweating, nausea, dizziness, fatigue,
and in extreme cases vomiting. Certain navigation techniques using directional in-
put with joystick or body leaning, while providing smooth and precise navigation

in the virtual world, have a high tendency to induce symptoms characteristic of
Simulation Sickness [4]. Teleportation is another technique, which, on the other
hand, does not suffer from the tendency to induce Simulation Sickness in its user
to the degree of joystick navigation, but has its own downsides that make it hard
to consider as a universally superior option.
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Teleportation in Virtual reality is a technique that allows users to perform instanta-
neous translation of their virtual position through teleporting based on the users'
input. The user of a teleportation technique can use motion controllers of the VR
headset to pick an end location of the translation by pointing in the direction of
the target surface. The movement from one place to another is immediate, with
an intermediate state being usually a short fade-to-black effect. Additionally, the
teleportation locomotion system is often accompanied by an ability to change the
rotation of the viewport, making this option suited for stationary or seated VR
setups that require some form of input-based locomotion from the user. However,
when compared with other locomotion techniques, teleportation is known to dis-
rupt immersion by breaking the continuity of presence within the Environment.

2.1.1 Natural Walking

Besides teleportation and joystick, there is also natural walking, together making
up three primary navigation techniques used in VR applications, each offering dif-
ferent advantages as well as disadvantages [4][15]. As of today, it is ultimately up
to the VR systems designer to choose a navigation technique that is the most tting
for a particular use case.

Chance et al. [3] ndings show that the closer a locomotion technique resem-
bles in its characteristics real walking, the lower the risk of simulation sickness
occurring, alongside greater immersion and spatial orientation. The major limiting
factor holding natural walking back is the limited available space to the user. In
VR experiences tailored for a highly controlled environment, this might not be an
issue, but when considering the end user being an average user of a commercially
available product, things may start to get a bit more tricky.

2.2 Change blindness

Sudden changes in the visual environment can draw in user attention and be im-
possible to ignore. However, the research has shown that depending on user atten-
tion, determined by the meaning of an element in the scene, the human brain can
fail to notice small to signi cant changes in a visual scene. This phenomenon is
known as change blindness[25]. The unnoticed change can be happening outside
or even inside a subject's eld of view. In the context of visual perception, change
blindness exposes the tendency of the human mind to use selective attention [13]



2.2. Change blindness 9

when observing the scene, causing a good chunk of details to be overlooked, most
often while being distracted, when looking away, or over a longer period. This
is caused by the allocation of cognitive resources to the most attention-grabbing
elements in the scene. Minor properties of elements like color or size can be less
important for the brain to process; thus, when confronted with new information
about a characteristic of an altered object, the likelihood of cognitive data being
overwritten increases.

Marples et al. [17] have investigated broader environmental changes in a video
game environment. In this study, the researchers focused on determining whether
or not a gradual, continuous change within a virtual environment is noticeable to
the user. To verify that, the playable environment was designed in which users
were tasked to complete a variety of tasks, requiring them to revisit virtual rooms
a couple of times throughout the experiment. During the playthrough, however,
various textures of virtual objects unrelated to the game objectives were being
gradually altered, to the point of containing different color schemes and symbols.
According to the researchers, 52% of the participants claimed to have noticed some
changes had occurred by the end of the experience, although a task of pointing out
an exact texture the objects before the change were possessing, only 4% were able
to accurately choose a correct set of answers.

The understanding of the change blindness phenomenon is important in areas
where human attention is a deciding factor in achieving the goal of designed solu-
tions. One example of such an area is Ul design.

When designing a user interface, taking change blindness into account can be quite
crucial. The effects of change blindness can be a cause of overlooking inadequately
implemented Ul element change, such as an important noti cation waiting to be
addressed on the user side due to the color of an icon indicating its occurrence
being not attention grabbing enough, or located in the part of the Ul that does
not necessitate being addressed very often by the user. To mitigate this, designers
should take into account the number of elements present at a certain point dur-
ing the use period, based on the research by Davies and Beeharee[5]. Two of the
principles presented by Davies and Beeharee at the end of their research would
be to make sure that the highly salient object of importance remains onscreen for
as long as possible and to offer the user enough time to scan the changed scene
and attend the changed object in the case the moment of transition is not imme-
diately noticed. These principles can be applied to some extent in designing an
interactive 3D environment, in which the user has full control over which part of
the scene is currently being rendered. An environment composed of many highly
silent objects can make it challenging to ensure changes of importance will be no-
ticed in a desired time frame. On top of that, in a highly dynamic scene, that is
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a scene containing many objects of erratic, independent movement, may become
an environment in which the user's attention can be diverted from many different
angles, resulting in a high probability of missing an occurrence of crucial scene
alterations. Therefore, carefully picking the right spatial and temporal characteris-
tics of the changes being made to the scene should take into account the current
position of potentially salient objects within the scene, as well as the current, as
well as potentially future areas of the scene that the user could divert their atten-
tion to. What works in favor of 3D virtual environments and, by extension, the
stereoscopically rendered VR scenes, is the access to many tools that can help to
guide the user's attention around the scene.

Examples of such tools could be:

1. Audio cues: Sources of audio within the scene generate directional audio
cues, providing the user with auditory stimuli indicating the position of the
audible object.

2. Lighting effects: light effects that illuminate other 3D objects, providing nat-
ural and intuitive stimuli even when their source is currently positioned out-
side the user's eld of view (FoV).

3. Movement in 3D space: Sudden movement in an otherwise static environ-
ment.

4. Particle effects: Elements that generate glowing effects as well as movement
are potentially highly salient within a scene.

5. User Interface (Ul) and heads-up display (HUD): Highly effective when the
goal is to provide a player with immediate feedback. Although, when poorly
implemented, it can be very immersion-breaking.

2.2.1 Change blindness in Virtual Reality

In 2010, Steinicke et al.[28] conducted a comparative study on the phenomenon of
change blindness for stereoscopic projection systems. In this study, Seinicke et al.
compared the susceptibility of the user group to the change blindness phenomenon
with that ones those observing a traditional two-dimensional display. The project
aimed to understand if observing a picture with an additional depth of eld would
result in more pronounced change blindness. The study had shown no signi cant
difference in change blindness susceptibility, and the results between both meth-
ods were very close to one another. However, the study managed to showcase how
even small (100ms) disruptions in the user's vision can cause strong change blind-
ness, taking the user 3 times as much time to spot the difference between the scene
(granted the user managed to spot it) than with half as long of a disruption.
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The following year, Steinicke et al.[29] published a follow-up study, this time fo-
cusing on HMDs as the main research projection system. In this study, they sought
to explore whether the increased level of immersion provided by an HMD would
exacerbate the effectiveness of change blindness, compared to systems previously
investigated. The results again did not show a signi cant difference between spot-
ting differences on HMD stereoscopic scenes and monocular ones, although the
results suggest that in the case of HMD, the changes accompanied by a shorter
shift-phase ickering technique seem to be signi cantly harder for the user to
spot. The main takeaway from the study's results is that change blindness is a
robust cognitive phenomenon that persists across different projection techniques,
with the levels of depth and immersion not being as powerful factors as to exac-
erbate the change blindness. For the designers of VR experiences, that means that
simply aiming to decrease or increase the level of immersion within a scene may
not necessarily have any signi cant impact on the likelihood of change blindness
occurring to the user in a desired way. Therefore, sticking to methods discussed
before seems to be a much better way to in uence their susceptibility.

So far, the discussed research only touch on the user being unable to identify an
object entering or exiting a scene. And we already explored the evidence pointing
to how change can also be a shift in a single visual property of an object, like its
location in a virtual environment. Different researchers like Suma et al.[31] and
Lohse et al. [16] have shown in their research that a shift in position occurring
outside the FoV can easily go unnoticed to the user.

* In the experiment conducted by Suma et al[31], the user is tasked to walk
through a long series of rooms. In each of these rooms, the environmental
change boiled down to the door entrance changing orientation and position
by shifting onto one of the neighbouring walls. Only one out of the total of
77 participants noticed the change occurring in the environment throughout
the whole scenario.

» Lohse et al.[16] in their work were able to successfully perform haptic remap-
ping utilizing out-of-FoV change blindness in three out of four participants
without them noticing the scene change. The experiment took advantage
of change blindness, leveraged haptic remapping to represent 2 interactable,
virtual objects with 1 physical prop. The participants attempted to interact
with unmapped virtual objects unprompted in 92% of cases, which has been
addressed in the conclusion part of the study. The experiment highlights well
the dif culty of restraining the user to the point of not attempting to interact
with unintended (at a certain point of the scenario) objects.

Given the ndings of these studies, as well as taking into consideration the elevated
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level of interactivity within Virtual Reality environments, the ability to in natural
manner user motion controllers for interact with virtual objects could reinforce
the spatial mapping of interaction targets when the change goes unnoticed. On
the other hand, the proprioceptory stimuli mismatch might prove to be a strong
enough factor to make the user notice spatial displacements, which has not seemed
to have been looked into before in a VR setting.

2.3 Impossible Spaces in Virtual Reality

Before coining the term Impossible Spaces, Suma et al.[31] in aforementioned study
presented a redirection technique that implemented an impossible space of 12 over-
lapping rooms which the users would traverse while the researchers through a
subtle alteration of the door location and layout of the rooms would in uence the
users navigation routes to guide them back into a corridor allowing the users to
traverse a seemingly larger than the physical space area. This study pioneered in
the virtual reality research area of impossible spaces, where the locations or objects
in virtual space overlap, while through the use of perceptual tricks appear believ-
able enough for the user not to notice their impossible nature. Through leveraging
change blindness, the study conductors could lead users to believe they were nav-
igating a large environment while in reality, they would merely retrace back to the
same position every time they entered another room.

While redirected walking[27][7] has been a researched solution for enabling the
traversal of seemingly larger than the tracking space environments, it seems to
always suffer from needing to explicitly restrict the player's movement in an envi-
ronment that appears to be open for the user to explore. For example, Langbehn
et al.[14] in their implementation of virtual walking, provide a room-scale redi-
rected walking solution that necessitates the user to stay on the designated path to
provide an experience of uninterrupted navigation through an environment larger
than the tracking space.

Another, much more exible implementation of redirected walking is the algo-
rithm developed by Azmandian et al.[2]. In this implementation, the virtual path is
generated based on the environment provided by the designer of the virtual scene.
The designer must provide the algorithm with a series of points of interest(Pol)
that the user will visit throughout the scenario. Based on them, the algorithm will
generate a series of redirective behaviors that will be applied at each Pol or during
the users' traversal in-between said points. This solution is a powerful tool for vir-
tual experience designers, as it takes care of all the back-end processes necessary
to enable the user to traverse a larger-than-life tracking space area in the virtual
world. However, in order to preserve the immersion throughout the simulation,
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there is still a necessity on the designers side to ensure that the user will strictly
follow a generated path, to ensure that the simulation will not need to resort to
its fail-safe mechanic in case the user will try straying of the designated path, as it
could result in stepping out of the boundary of the physical space and in turn take
the user out of the experience, if even only for a short while.

In the follow-up study by Suma et al.[30] titled Impossible Spaces: Maximiz-
ing Natural Walking in Virtual Environments with Self-Overlapping Architecture,

the design mechanic "Impossible Spaces" is introduced in VR literature. The re-
searchers conducted 2 experiments. The rst experiment tested whether or not
the participants would be able to correctly guess if the virtual space could be de-
scribed as impossible when questioned during the experiment. The results have
shown that in a case of reasonably small overlapping rooms, the amount of overlap
between the rooms that could go undetected was around 56% and in a case of a
large 9.14m x 9.14m tracking space, that amount was 31%, however the perceived
distances to objects located in overlapping rooms have not been compromised by
users acknowledgment of the illusion.

Researchers also argue that if the users were naive to the nature of the experiment,
their ability to detect the room's impossibility would likely be much lower. The
second experiment involved combining many manipulation techniques into a sin-
gle scenario. These included already discussed Impossible Spaces and redirected
walking, which were put together in a large virtual environment. By the behavior
provided by the participants and their oral testimony, the researchers have deter-
mined that 12 out of 14 participants have not noticed the impossible spaces, which
was also con rmed on the feedback questionnaire.

Following in the steps of impossible spaces research, Vasylevska et al.[34] pre-
sented a procedural method of generating a potentially in nite sequence of rooms
connected through a set of long, crooked corridors. In this research, Vasylevska
et al. were aiming to allow for up to 100% overlap between generated rooms.
Although no experiment was conducted, the researchers base their design on the
ndings of cognitive mapping [35][19], which are mostly hierarchically based.

One of the more recent examples of impossible spaces research is a study con-
ducted by Lochner and Gain[15], who compare 4 different locomotion techniques
in VR: teleportation, joystick/touchpad, hand waving, and natural walking. For
each of the techniques, the authors designed a different virtual environment with
varying tasks for the participants to complete. The environment for virtual walking
was set up with the use of portals connecting different rooms, making the nature
of its space impossible. This was done as a walk-around to compensate for a small
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physical space available to the participants, as all the testing was done without
access to a controlled environment due to COVID restrictions. According to the
ndings, natural walking provides the users with a comparatively better game ex-
perience according to the results of the Game Experience Questionnaire[22]. In
the study, a natural walking method implemented using portals shows signi cant
improvements in Immersion and system usability at the cost of overall task per-
formance, while also scoring relatively low on a simulation sickness questionnaire
compared to the other locomotion techniques.

2.4 Portals

One of the established methods for repositioning in a virtual environment is the
use of portals. Portals are gateways connecting two separate locations within a
scene. Two portals placed apart from each other allow players to instantly trans-
late their location between different areas of the map, preserving spatial continuity,
while explicitly defying the Euclidean logic of space. The concept of portals was
popularized by the hit video game Portal (2007).

While most commonly used in games involving puzzle-like solving, where the
main objective is to nd the correct set of portal placements to beat a stage, in
Virtual Reality it can be greatly utilized as demonstrated by Lochner and Gain[15],
to produce an impossible form of locomotion in a larger than the tracking space
virtual environment. Depending on the implementation, portals can be two or a
one-way gateway. In a case of a one-way portal, given that we assume a linear,
one-way continuity between scenes in a video game, portals may serve as a tool
used for achieving a seamless scene transition. The research conducted by Rahimi
et al.[23] investigated the persistence of spatial awareness as well as induced sim-
ulation sickness by using different methods of scene transition.

These methods were as follows:

1. Teleportation Classic method of immediate translation of the user's location
into the new scene.

2. Animated Interpolation User's position is smoothly translated over time be-
tween the present location and the destination.

3. Pulsed Interpolation Similar to teleportation, but the user is being teleported
to several points before arriving at the end point.

According to the results while the pointing errors associated with spatial aware-
ness of the user showed no signi cant difference in between each of the methods;
however, the user experience varied signi cantly. The simulation sickness is quite
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prominent in the case of the animated interpolation method, with the pulsed in-
terpolation scoring second, and teleportation last on induced sickness.

It should be safe to say that the choice of a scene transition method can and does
in uence a user experience. A method that provides a seamless scene transition
can be more immersive than one that takes you out of the experience, negatively
impacting the sense of presence.

Husung and Langbehn[10] ndings in the area of scene transitions within VR en-
vironments show varying results in the sense of presence, sense of spatial conti-
nuity, and user evaluation, depending on the method of scene transition. Addi-
tionally, the authors also note how, through qualitative feedback, users have ex-
pressed different observations about how different types of transitions impacted
their experience. The thoughts would range from "abrupt” to "smooth", "pleasant"
to "overwhelming". Unsurprisingly, the transition methods users would describe
with more positive adjectives ranked higher on an overall user rating scale, as
well as presence and continuity. The methods that scored the highest in these de-
partments were both the portal and the orb, while the cut seemed to be the least
favorable for a sense of presence and spatial continuity.






Chapter 3

Experimental Design

3.1 Research Objectives

This study explores the use of a novel Out-of-Sight scene transition as a method for
creating continuous, immersive virtual reality (VR) experiences within constrained
physical tracking spaces. This technique is designed to exploit the human per-
ceptual phenomenon of change blindness, in which users fail to detect signi cant
changes in a visual scene if those changes occur while their attention is diverted
or visual input is interrupted. By triggering changes within a scene only during
moments when parts of the environment fall outside the user's vision, the method
aims to enable smooth and seamless substitution of the entire virtual environment
without overt disruption in user experience.

The Out-of-Sight approach builds conceptually on the foundations of impossible
spaces, spatial constructs in VR applications that allow more virtual space to exist
than the available physical space, often by manipulating the user's walking path
or making environmental changes outside the user's perception. While impossible
spaces typically involve overlapping or redirected layouts to maximize physical
space usage, the Out-of-Sight method focuses speci cally on perceptual manip-
ulation, allowing transitions to occur invisibly by aligning them with user gaps

in attention. Like impossible spaces, this method challenges conventional spatial
logic and seeks to preserve immersion and a sense of continuity by minimizing
user awareness of the underlying trick.

Given the increasing interest in natural walking as a preferred locomotion method
in VR research due to its positive effects on presence and embodiment, there
remains a need for transition strategies that maintain immersion while allow-
ing scene changes without teleportation, arti cial locomotion, or excessive spatial
shifts. The Out-of-Sight transition might present a exible, lightweight alternative
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with minimal spatial requirements and potentially low cognitive load to the user.

3.1.1 Research Questions

This study explores how a particular scene transition technique, designed to cause
the least amount of visual disruption while allowing the designer to implement

a quick way to progress the player through a series of spatially constrained envi-
ronments. The proposed Out-of-Sight transition method should be seen like any
other available tool in the Virtual Reality developer's toolbox, which comes with
its strengths and drawbacks depending on the context of its use cases. Although
its design prioritizes the sense of continuity and a strong sense of immersion by
leveraging user attention and change blindness, its effectiveness remains to be eval-
uated through user testing. Like other solutions of its kind, its practical value will
likely depend on factors such as the nature of the experience (explain why escape
room), the predictability of users' behavior, or technical constraints. The motiva-
tion behind this study lies in exploring the potential of the Out-of-Sight transition

in comparison with one of the most researched solutions in recent years. To achieve
that, the following Research Questions (RQs) have been formulated:

¢ RQO: How can a VR scene transition technique be designed to minimize user
visual disruption and spatial constraints, while leveraging change blindness?

RQ1: How does the Out-of-Sight transition method affect perceived spatial
continuity between VR scenes?

RQ2: How does the Out-of-Sight transition method affect the user's sense of
presence throughout the experience?

RQ3: How does the Out-of-sight transition method perform in terms of user
preference when compared to an established method?

Given that explicit transition methods such as the Out-of-Sight approach are less
spatially constrained compared with the corridor-based techniques, evaluating
their performance in terms of immersion, sense of continuity, and user preference
will help determine whether this exibility comes with any signi cant drawbacks,

to properly assess their viability within limited physical spaces.

3.1.2 Hypotheses

Based on the design goals of the Out-of-Sight transition method and prior research
on perception within VR, a set of hypotheses has been formulated.
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* H1: The Out-of-Sight transition method will result in a similar reported sense
of immersion as the Impossible Space method.

* H2: Users will report a similar sense of continuity using the Out-of-Sight
method.

» H3: The Out-of-Sight method will score similarly in terms of preference com-
pared to a corridor-based method.

The testing of the presented hypotheses requires the design and implementation
of two separate scenarios with their intermission method: one using the proposed
Out-of-Sight transition method and the other employing a corridor-based intermis-
sion modeled after an established Impossible Spaces technique. The structure of
the experiment necessitates the use of a qualitative measurement method whose
results can be comparatively evaluated. The ndings of such an experiment should
help determine whether the Out-of-Sight approach is a meaningful addition to the
set of available VR transition techniques, especially in use cases in which spatial
constraints play a big role.

3.2 Experiment Variables

To evaluate the impact of different stage transition techniques on user experience in
virtual reality, the experiment was structured around a de ned set of variables. The
central focus is comparing the newly developed Out-of-Sight transition technique
with a more established corridor-based method utilizing the Impossible Spaces so-
lution. However, a design challenge naturally arises due to the differing spatial
requirements of the two transition techniques. The corridor-based method neces-
sitates a physically walkable corridor, which consumes a portion of the available
tracking space, while the Out-of-Sight method imposes no such constraint. This
raises the question: Should the room sizes be arti cially equalized to isolate the
intermediary state as the sole independent variable? Or should the Out-of-Sight
method carry on its strength of better spatial ef ciency into the virtual environ-
ment design, inevitably leading to a scenario of a compound comparison in the
experimental design? Given the latter, the experiment's results would re ect not
only the variance of the intermediary state between the two scenarios but also the
differences in spatial scale and structural layout between environments. Given the
nature of the research questions, particularly those concerning overall user experi-
ence, the researchers chose to create a compound variable that includes a change
in the size and layout of the virtual environment in the implementations of inter-
mediary states. This decision is based on the premise that the spatial demands of
each technique are fundamental to how each method is experienced in an applied
context. Forcing both methods into a uniform environment would strip them of
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their contextual strengths.

By aligning each technique with an environment tailored to its strengths, the study
embraces a more holistic approach, evaluating not just an intermediary state in
isolation, but its realistic applicability when implemented within an environment
wholly prepared with the stage transition method in mind. This approach re-
ects a realistic scenario for VR developers, who frequently make design decisions
based not only on user experience data, but also on constraints like available space,
performance, and content ow. The inverse is also true: having a less spatially de-
manding method in the developer's toolbox allows designers greater freedom to
make design decisions that either embrace or avoid larger spatial footprints within
a scene. As a result, the ndings are expected to provide a better understanding of
the effect of the stage transition method and the accompanying design on the user.
As a result, the following list of variables has been formulated.

3.2.1 Independent Variables
* Intermediary stage transition method

— Out-of-Sight transition — during the intermediary state between stages,
the scene is continually altered outside the user's eld of view until
objects from the rst stage are completely replaced by those from the
second. Stage size- larger stages utilize the entire walkable space. Stage
Layout- increased object count proportional to the room size.

— Corridor-based transitior- Impossible Spaces technique, using redirected
walking through corridors connecting the two spatially overlapping stages.
Stage size- slightly smaller stages where a part of the walkable space is
taken by the corridor connecting the two stages. Stage Layout smaller
object count proportional to the room size.

3.2.2 Dependent Variables

The dependent variables represent the aspects of user experience being measured:

» Perceived Continuity —how seamless the environment feels across the stages.

* Perceived Sense of Presence— the degree to which users feel mentally and
physically present in the virtual space.

* Perceived Immersion —the extent to which users feel engaged and absorbed
in the experience.
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» Perceived User Preference — subjective preference for one method over the
other.

3.2.3 Controlled Variables

Controlled variables were kept constant across both conditions to ensure that ob-
served differences could be attributed to the transition methods themselves:

» Task and Interaction — gameplay objectives (e.g., locating a key, opening a
chest).

» Visual Style and Asset delity — consistent level of detail, lighting, and de-
sign in both versions.

» Hardware and Setup — Meta Quest 2 headset, same tracking space (approxi-
mately 4x5 meters).

» Type of locomotion - natural walking.

* Input scheme - motion based with grab interaction.

With core experimental variables established, the study is structured to system-
atically evaluate the effects of each transition state on the user. By isolating key
factors such as continuity, sense of presence, and user preference, the experimental
design sets up a controlled comparison that re ects the practical implications of
each approach. The following section details the procedures used to collect data
corresponding to these variables.

3.3 Measures and Data Collection

The main objective of the measurement process was to capture the immediate and
intuitive impressions of immersion and continuity. A custom questionnaire pro-
vided structured responses for comparison across the methods used, while open-
ended questions allowed participants to describe their experiences in their own
words. The researcher documented the user behavior throughout the experiment
to record and later interpret the user reactions when encountering the implemented
techniques. This approach made it possible not only to compare scores between
the two techniques but also to gain a deeper understanding of how users perceived
each method beyond what the scaled items could reveal.

To better understand how each method and its surrounding properties affect the
user experience, the data was organized into 3 key categories: presence, continu-
ity, and user preference. A similar approach has been realized in the work by
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Husung et al.[10], in which the authors built on top of previously constructed
guestionnaires, in this case, the Slater-Usoh-Steed (SUS) questionnaire[33] and the
research by Men et al.[18] for measuring Presence, combined with constructed set
of questions meant for establish user sense of continuity throughout the experience.
Drawing heavily from this approach, due to the experiment's main objective being
an evaluation of a de facto scene transition technique, the designers developed a
tailored set of context-sensitive questionnaire items suited for evaluating the exper-
imental dimensions of the implemented intermediary states in a multi-stage VR
experience. This approach ensures consistency with the established frameworks
while allowing for a more targeted understanding of speci c elements of the cho-
sen use case. The following sections outline how the measurement processes of
each dependent variable were designed and prepared for analysis.

3.3.1 Presence

In the context of virtuality, the sense of presence refers to the subjective psycho-
logical response of the user to audiovisual stimuli provided by a head-mounted
display (HMD). The immersiveness of the system can be described by how strong
a sense of presence it can invoke. To assess the sense of presence in users, several
guestions were designed to re ect the degree to which participants felt engaged
with the virtual world and whether the implemented transition state/method in-
creased the feeling of "being there" as characteristic of highly immersive systems.
These questions are answered on a 7-point Likert scale, ranging from "strongly
disagree" to "strongly agree", and were all answered after each experimental con-
dition.

The following statements were included in the user questionnaire to evaluate the
perceived sense of presence:

1. "l felt like |1 was actually inside the virtual environment, rather than just looking at
it."

2. "l felt like | stayed inside the virtual world the whole time."

3. "l felt aware of the real world surroundings while in the VR experiendegverse
scored)

4. "l felt pulled out of the experience when arriving in the second room"
5. "The virtual world felt less believable in the second rogreverse scored)

These questions were selected for their relevance to the key aspects of inducing a
sense of presence. The rst question explicitly asks the user about their perceived
sense of presence within a VR environment, and aligns with practices presented in
SUS[33]. Similarly, the second question aims to determine if the user's perceived
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sense of presence remained undisrupted throughout the experience. The third, a
reverse-scored item, similar to the second, seeks to establish whether or not any
presence-disrupting moments occurred during the experience. Finally, the last two
items aim to guide the user into retrospectively evaluating their state of immersion
during and right after going through the stage transition.

Together, answering these questions should offer insight into how each method
and its surrounding properties in uence users' ability to remain anchored in the
virtual world and identify if any elements cause detachment from the experience.

3.3.2 Continuity

In virtual reality, the sense of continuity refers, among others, to a perceived cohe-
siveness of the experience and to how uninterrupted the user experience is, be it
spatially or even narratively. Effective continuity between different stages should
mean that the user's mental model remains consistent. Similarly to the real world,
a continuous VR experience ensures that the rules of reality in which it operates
remain intact. Perceived spatial continuity, which is arguably the most signi cant
in our case due to the nature of the experiment, can be disrupted by traversal
solutions such as teleportation; hence why natural walking usually provides the
strongest sense of spatial continuity. Disruptions to users' perceived continuity
can break the illusion of a natural cohesive environment, and in turn affect immer-
sion.

In order to assess perceived continuity, users were asked the following questions,
to which answers are to be placed on a 7-point Likert scale ranging from "strongly
disagree" to "strongly agree".

1. "The world felt consistent and believable throughout the experience."

2. "It felt like 1 was physically traveling through the world, not jumping between
places.”

3. "The different rooms felt like parts of the same world."
4. "The transition between different environments felt smooth and natural.”
5. "I feel like the place | explored could exist in the real world."

These elements were chosen to capture both the spatial coherence of the environ-
ment and the perceived consistency of virtual world logic. The statements range
from addressing the general believability of the experience to virtual-world coher-
ence. For example, the third question aims to test whether participants mentally
integrated the different rooms into a single environment, while the fourth shifts the
focus on how the transition itself was perceived in the context of the naturalness
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of the experience, whether the environmental change felt disruptive or an integral
part of the game.

These measures should offer insight into how the transition method in uences
the user's perception of the world, its continuity and cohesion, which translates to
whether or not the design of the transition supports the illusion of a virtual space.

3.3.3 User Preference

While the sense of presence and continuity represent cognitive aspects of the de-
signed VR experience, the user preference questions aim to capture more subjective
context-sensitive data from how enjoyable the experience was to users. In our ar-
bitrary use case of stage transitions, the results can be re ective of a multitude
of parameters. To ensure that these results are in uenced by the implemented
stage transition method, it is imperative to keep the controlled variables consistent
throughout the tested scenarios.

One might argue that the in uence of the implemented stage transition method on
user preference might be too small to be properly re ected by the resolution of the
7-point Likert scale, and that is why the researchers opted into expanding the ex-
perimental design to include a within-group questioning, in which the participants
would rst answer the questionnaire questions 1-20 (see Appendix A) after com-
pleting a randomly selected scenario, and then the second after which they would
answer a set of comparative questions concerning the former. This approach en-
ables the researchers to acquire data of a higher contrast, but introduces challenges
like recency bias, which the order randomization aims to eliminate.

The User Preference question set, as included in the questionnaire, is as follows:

1. "Overall, how would you rate the way you got into the other room?"
2. "l would like to experience more environments like this one."
3. "The way | “traveled' in-between rooms added to my enjoyment of the experience."

The user data obtained from these questions should show a good picture of whether
or not the applied stage transition technique has the potential to create an enjoyable
experience for the user, especially the comparative data.

3.3.4 Additional Measures and Extended User Feedback

In addition to the primary categories of research: presence, continuity, and user
preference, several questions that researchers felt were worth evaluating were raised
during the design process. In this section, the motivation behind formulating the
following questions will be explained in detail:
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"The environment changes felt natural, not arti cial.”
"Switching rooms felt sudden or jarring."
"The transition felt like part of the story or experience."

"| felt like | visited 2 different rooms within the virtual world."

o & w0 N E

"| felt like the room stayed the same, while objects were being replaced with the new
ones."

6. "Write down any thoughts or remarks you would like to disclose with the researcher
about the setting, travel methods used between the two rooms, or your overall im-
pressions.”

Each of the questions provides a chance for the researchers to capture additional
subtle aspects of the experiment that may contribute in some way to the main
research goals (immersion, continuity); however, the authors thought of them as
important enough markers to outline the strengths and weaknesses of the Out-
of-Sight transition method. The rst two questions (one of which is worded in-
versely) are thought to provide a metric of how natural the proposed stage transi-
tion method feels to the player in the given use case context, which could be asso-
ciated with asset delity, perceived story context, etc. The third question focuses
on the transition method's potential narrative integration, examining whether the
perceived narrative context of the implementation is compatible. Questions 4 and
5 were formulated to get a sense of the spatial perception of the users. The answer
could determine whether the provided stimuli are enough to make users feel like
the switched rooms were separate entities.

Finally, participants are left with an open question to list their thoughts and grievances
about the experience, which could provide additional feedback and perspectives
that might otherwise go uncaptured by the structured questions.

3.3.5 Session Structure

In experimental research, within-group testing involves having the same partic-
ipants participate under different conditions of the experiment. This approach
allows for a more direct comparison while at the same time minimizing individ-
ual differences. The experiment sessions were to be conducted in a controlled
tracking space, using a room-scale virtual reality setup. On the other hand, this
approach bears a risk of data being corrupted by recency or learned bias in the
case of skill-based implementations. To counteract these unwanted effects, factors
like condition order can be introduced into the experimental design. Furthermore,
data obtained from the very rst experimental condition from each participant
could still be treated as a factor between-subjects. This grants the researchers a
way to verify the validity of the ndings obtained from the within-subjects testing.
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Condition Order

To achieve this setup, a randomization method is to be implemented, through
which participants will be put through the experimental conditions in a random-
ized order:

e Group A: This group will start the experiment session with the corridor-
based method and then proceed to the Out-of-Sight method.

« Group B: This group will start the experiment session with the Out-of-Sight
method and then proceed to the corridor-based method.

To avoid an uneven distribution of the test groups due to the low sample count,
the randomized method was replaced with Round Robin.

Questionnaire Distribution

Each section of the questionnaire would be administered to the participants in
person at two points. Immediately after their respective conditions (Appendix
A Questionnaire), participants would answer questions 1-20 after experiencing 1
condition, and then questions 21-39 after completing the other. The freshness of
the experience allows participants to provide more accurate feedback. The lled
guestionnaire would then be stored in a digital form on the device on which it was
lled.

3.3.6 Experimental Protocol

This section details the complete protocol followed during each session with the
participants. The sections of the protocol include a precise description of the setup
of the environment, a list of standardized instructions given to the participants, and
the general ow of the participant interaction between the setting, the equipment,
and the game, as well as the conductors of the experiment. The goal of adhering to
the protocol is to eliminate unwanted variations and to maintain control over the
experimental variables between each participant.

1. Setup and Introduction
» The participant is welcomed into the room where the experiment is con-
ducted.

» The participant is presented with the consent form and reminded of
their right to withdraw from the experiment at any time.

» The participant is asked about their familiarity with VR headset tech-
nology, which is then noted in the questionnaire.
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» The participant is briefed about the tasks they will be asked to perform
and the use of VR equipment. They are informed that they will be
playing through two different virtual reality experiences resembling an
escape room scenario.

» The participant is also reminded for the second time that they can with-
draw from the study at any time without penalty and that their re-
sponses will remain anonymous unless they use their right to withdraw
their consent. In that case, they are assured that the data collected so far
will not be used in the experiment.

» Safety procedures, such as the exact physical boundaries of the track-
ing space and what to do in case of discomfort or disorientation, are
explained. The participant is asked to let the person conducting the ex-
periment know if they feel nauseous or dizzy and to feel free to remove
the head-mounted display (HMD) if these feelings occur.

2. Game explanation

» The researchers introduce the escape room concept to the participants
in case they are unfamiliar. The participant is informed that they will
be completing 2 versions of an escape room scenario, consisting of 2
different rooms, in which they will be tasked with locating the hidden
keys that they will need to access a chest located in each of the rooms.

» The participant is then encouraged to remain observant during the ex-
perience, as the keys could be hidden anywhere within the rooms.

3. Calibration and User Controls

» The participant is presented with the VR headset, with an explanation of
its function varying based on the user self proclaimed experience with
the technology.

» The participant is assisted in adjusting the headset for comfort and clar-
ity.

» The participant is introduced to the input method they will be using
inside the VR experience: motion controllers and a bumper button that
is used for grabbing objects pointed determined by the controllers' po-
sition.

 Allow the participant to familiarize themselves with the control scheme
and the hardware, and ask them to put the HMD down for now when-
ever they feel like it.

4. Additional information
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« The participant is asked to avoid certain actions that are not possible to
be performed in the real world, i.e., walking through the virtual walls
or reaching into closed virtual containers, as it would break the ow of
the game, and in the worst case, cause bumping into a physical wall.

* The participant is told they can speak aloud whatever thoughts that
occur during the game, as well as to feel free to ask any questions that
arise.

« It's made sure that the participant has understood the instructions and
is then given an opportunity to ask last questions before proceeding to
the next part of the experiment.

5. The First Condition

* The version of the VR game is chosen by following the Round Robin
order determining method and then launched on the HMD.

» The participant is assisted in putting on the headset and asked to con-
rm whether or not they are ready to begin the experiment.

 During the experiment, the researcher quietly observes and notes down
any spoken feedback, visible and audible reactions, or questions that
arise during the session.

 After the completion of the second room (indicated by a distinct sound
cue), the participant is asked to remove the headset and asked to sit by
the computer containing the rst part of the questionnaire.

e The participant is allowed time to complete the questionnaire.
6. The Second Condition

« The participant is invited to re-enter the trackable play area for the sec-
ond part of the experiment.

The other version of the game, not used in the rst part of the experi-
ment, is launched on the HMD.

The participant is assisted in putting on the headset and asked to con-
rm whether or not they are ready to begin the experiment.

During the experiment, the researcher quietly observes and notes down
any spoken feedback, visible and audible reactions, or questions that
arise during the session.

After the completion of the second room (indicated by a distinct sound
cue), the participant is asked to remove the headset and asked to sit by
the computer containing the rst part of the questionnaire.

The participant is allowed time to complete the second part of the ques-
tionnaire.



3.3. Measures and Data Collection 29

7. Session Conclusion
» The participant is thanked for their time and participation in the exper-
iment.

» The participant is offered a moment to ask any questions they may have
about the nature of the experiment.

» The participant is asked for their nal comments and impressions.






Chapter 4

Design and Implementation

4.1 Hardware

For the Head Mounted Display (HMD), a wireless Meta Quest 2 was used. The
hardware is compatible with Unreal Engine 5.5.4[6], which allows ef cient devel-
opment and testing of the game. It features a display with 1832 x 1920 pixels per
eye, running at refresh rates of up to 90Hz.

Figure 4.1: Meta Quest 2 Head Mounted Display

The HMD allows for 6 degrees of freedom (6DoF) tracking. Players are able to
walk and interact with digital objects in a spatially accurate manner within the
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virtual environment. The headset employs tracking of the user position using in-
tegrated cameras; therefore, it does not require external sensors, making the setup
very mobile and easy to deploy. The Meta Quest 2 also features wireless motion
controllers that allow for hand and gesture tracking.

4.2 Graphical Engine

The implementations of the scenarios were created using Unreal Engine version
5.5.4. The engine allows for ef cient implementation of high- delity environments
by utilizing a fast C++ based architecture, while at the same time being very user-
friendly. Most of the functionality was implemented using Blueprints[26], an Un-
real Engine visual scripting language.

The high- delity graphics offered by Unreal Engine and a physics engine that
enables realistic simulations are critical to achieving a high level of a sense of
presence and immersion in VR. For basic controls and navigation in Virtual Re-
ality, the engine provides a VR template, arming the player with grab interac-
tion and 1-to-1 spatial translation of headset position alongside motion controllers
with pre-con gured settings optimized for various headsets (including Meta Quest
products), facilitating a streamlined development process. Furthermore, Unreal
Engine's Blueprints visual scripting system allows for quick prototyping and it-
eration of game mechanics, reducing the need for in-depth, lower-level program-
ming while still allowing for detailed customization through C++. The engine also
includes speci c optimizations for VR, which are essential for maintaining per-
formance and minimizing latency, key factors in preventing motion sickness and
increasing immersion.

4.3 Design

Two scenarios were designed and implemented to evaluate the proposed novel
Out-of-Vision scene transition technique, and compare it with an alternative solu-
tion utilizing impossible spaces as a method of seamlessly switching in-between
the two stages. Both scenes were modeled after an escape-room type of game. In
each scenario, the user's objective is to locate keys scattered around the stage to
open a chest containing a magic rune that unlocks the way into another stage. Both
scenarios take place in the same 4m x 5m physical tracking space.

In both scenarios, the player's objective is to nd two keys hidden within the en-
vironment, which are required to unlock a chest containing a magical rune. Upon
retrieving both keys and obtaining the rune, the player transitions to a second
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stage featuring a different environment, but where the player's objective remains
the same: Find two keys to unlock another chest that contains the nal rune. Once
the player acquires the nal rune, it triggers an event in which a replace is lit,
signaling the end of the game.

These scenarios provide a controlled setting to assess the effectiveness of different
environmental transition methods in maintaining immersion and presence dur-
ing gameplay. By using identical objectives and gameplay mechanics across both
stages, the study focuses on isolating the impact of the implemented transition
techniques on the player's experience.

4.3.1 Impossible spaces, corridor-based method

The player experiences two versions of the game, each version employing a dif-
ferent method to transition between environments. In the rst version, the game
utilizes the Impossible Space method, a technique that allows the virtual envi-
ronment to be recon gured in ways that are imperceptible to the player, creating
the illusion of a larger space than is physically available. This method uses var-
ious manipulations of the virtual environment, such as overlapping or stretching
spaces, to enable continuous navigation without the need for arti cial locomotion
techniques such as teleportation or joystick movement. As a result, the player can
move naturally through the virtual world, enhancing immersion and presence by
maintaining the consistency of real-world physical movement. In this study, the
transition is conducted through guiding the player through a corridor upon com-
pleting the task required to unlock it, and into the next room, which in the real
world overlaps with the previous physical space occupied by the player. A part
of the physical space (1m x 4m) has been reserved for the corridor and subtracted
from each of the playable scenes, resulting in noticeably smaller playing space
compared to the Out-of-Sight Transition Method.

4.3.2 Out-of-Sight Transition Method

The Out-of-Sight Transition method offers an innovative approach to scene transi-
tions in virtual reality by seamlessly altering the environment around the player
without the need for a disruptive fade-to-black or other visually explicit effects. In-
stead of fading the screen to black or using a teleportation mechanic, this method
takes advantage of the player's natural blind spots, areas outside of their immedi-
ate eld of view. As the player rotates or looks around, new assets are incremen-
tally loaded into the scene, gradually replacing the old environment.

This dynamic process occurs in real time, giving players the sense of a natural
transition occurring around them. The new environment is fully rendered by the
time the player nishes looking around the new environment, without any no-



34 Chapter 4. Design and Implementation

ticeable interruptions. The method aims to provide an immersive experience with
a sense of disbelief from the player. By avoiding sudden or jarring changes that
could break the player's sense of presence within the virtual world, the method
allows for changing the environment without the need for the player to move. The
Out-of-Sight Transition method leverages the principles of change blindness, where
gradual changes in the peripheral vision go unnoticed, allowing for a smooth and
seamless transition between different virtual environments.

Figure 4.2: Layout of the rst scene imple- Figure 4.3: Layout of the second scene imple-
menting an Out-of-Sight Scene Transition menting an Out-of-Sight Scene Transition

Figure 4.4: Layout of the rst scene imple- Figure 4.5: Layout of the second scene imple-
menting a corridor as a means of traversing menting a corridor as a means of traversing

Both of the scenes were developed in the Unreal Engine environment.
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4.4 Results

The total number of gathered participants in this research was 10, with 7 declaring
themselves as male and 3 as female. The ages ranged from 24 to 30 (mean M = 26,
median MD = 26) and were mostly university students and recent graduates.

The self-proclaimed familiarity of the VR users was categorized into 3 sections:
novice (1 to 3 on the scale of 1 to 7), intermediate(4 to 5), and experienced(6 to 7).
Based on that, the study included 2 novices, 5 intermediates, and 3 experienced
participants.

4.4.1 Presence Results
Between-subjects comparison

To evaluate how the sense of presence varied according to the transition method
implemented, the Likert scale data from the questions formulated in Section 3.3.1
were aggregated and put under analysis as a mean value for each participant. The
following re ects the research between subjects based on data provided in the rst
half of the questionnaire.

Before running an appropriate statistical test, a Wilk-Shapiro test was conducted
on the two aggregate presence results to assess the normality of the difference be-
tween the two experimental conditions. The results indicated that the assumption
of normality was met, with W, = 0.84,p. = 0.209 andW, = 0.83,p; = 0.168.
Assuming the normality of the results, an unpaired t-test was performed. The re-
sults did not show a signi cant difference with t = 0.420,p = 0.340 atp < 0.05.

Within-subjects comparison

The following results come from the comparative questions in the latter part of
the questionnaire. These are analogous to the ones found in the former part, but
ask the participant for a more decisive outline of the differences between the con-
ditions. Similarly, to the between-subjects approach, this data is affected by the
round-robin variance, but in this case, to account for the possible recency bias.

Similarly to the between-subjects approach, a Wilk-Shapiro test was conducted.
The results indicated that the condition for assumption of normality was met, with
W, = 0.87,p. = 0.314 for the corridor-based method and W, = 0.97,p, = 0.981 for
the Out-of-Sight method.

Assuming the normality of the results, an unpaired t-test was performed. The
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Figure 4.6: Between-subjects perceived sense of presence: box plot

Figure 4.7: Within-subjects perceived sense of presence in comparison with the other condition: box
plot
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results revealed a statistically signi cant difference in the perceived difference in
immersiveness of the experiences with t = 2.77419p = 0.01207 atp < 0.05.
Although the ndings from the intersubject portion of the research did not reveal

a statistically signi cant difference in the perceived sense of presence between the
tested conditions, both implementations showed a high degree of immersion.
However, a comparative research within-subjects was able to provide data of higher
contrast, on which a difference was shown in favor of a corridor-based method as a
more immersive implementation of a stage transition. These results can be viewed
on Figure 4.6 and Figure 4.7.

4.4.2 Continuity Results
Between-subjects comparison

To evaluate how the sense of continuity varied according to the transition method
implemented, the Likert scale data from the questions formulated in Section 3.3.2
were aggregated and put under analysis as a mean value for each participant. The
following re ects the research between subjects based on data provided in the rst
half of the questionnaire.

Before running an appropriate statistical test, a Wilk-Shapiro test was conducted
on the two aggregate continuity results to assess the normality of the difference be-
tween the two experimental conditions. The results indicated that the assumption
of normality was met, with W, = 0.9,p; = 0.525 for the corridor-based method
and W, = 0.99,p, = 1.0 for the Out-of-Sight method.

Assuming the normality of the results, an unpaired t-test was performed. The
results did not show a signi cant difference with t = 1.35457p = 0.106283 at
p < 0.05.

Within-subjects comparison

The following results come from the comparative questions in the latter part of
the questionnaire. These are analogous to the ones found in the former part, but
ask the participant for a more decisive outline of the differences between the con-
ditions. Similarly, to the between-subjects approach, this data is affected by the
round-robin variance, but in this case, to account for the possible recency bias.

Similarly to the between-subjects approach, a Wilk-Shapiro test was conducted.
The results indicated that the condition for assumption of normality was met, with
W, = 0.93,p. = 0.778 for the corridor-based method and W, = 0.85,p, = 0.244 for
the Out-of-Sight method.

Assuming the normality of the results, an unpaired t-test was performed. The
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results revealed a statistically signi cant difference in the perceived difference in
continuity of the experiences with t = 4.21331p = 0.001471 atp < 0.05.

Similarly to the ndings in the sense of presence among the participants, the data
between subjects for a perceived continuity of the experience did not indicate any
meaningful difference between the conditions. In the same vein, more research
on within-subjects results also shows a tendency for users to pick the corridor-
based method when judging its impact on their sense of continuity. This suggests
that while none of the methods show a negative impact on the user's sense of
continuity, the corridor-based approach seems to be perceived as a more spatially
consistent method in comparison. These results can be viewed on Figure 4.8 and
Figure 4.9.

4.4.3 Preference Results

To evaluate how users like each transition method, the Likert scale data from the
questions formulated in Section 3.3.3 were aggregated and analyzed as a mean
value for each participant. The following re ects the research between subjects
based on data provided in the rst half of the questionnaire.

Before running an appropriate statistical test, a Wilk-Shapiro test was conducted
on the two aggregate preference results to assess the normality of the difference be-
tween the two experimental conditions. The results indicated that the assumption
of normality was met, with W, = 0.91,p. = 0.621 for the corridor-based method
and W, = 0.84,p, = 0.192 for the Out-of-Sight method.

Assuming the normality of the results, an unpaired t-test was performed. The
results did not show a signi cant difference with t = 0.99386p = 0.174698 at
p < 0.05.

Within-subjects comparison

The following results come from the comparative questions in the latter part of
the questionnaire. These are analogous to the ones found in the former part, but
ask the participant for a more decisive outline of the differences between the con-
ditions. Similarly, to the between-subjects approach, this data is affected by the
round-robin variance, but in this case, to account for the possible recency bias.

Similarly to the between-subjects approach, a Wilk-Shapiro test was conducted.
The results indicated that the condition for assumption of normality was met, with
W, = 0.94,p. = 0.854 for the corridor-based method and W, = 0.97,p, = 0.987 for
the Out-of-Sight method.

Assuming the normality of the results, an unpaired t-test was performed. The
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Figure 4.8: Between-subjects perceived continuity: box plot

Figure 4.9: Within-subjects perceived continuity in comparison with the other condition: box plot
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results revealed a lack of statistically signi cant difference in preference for the
experiences with t = 0.66033p = 0.263797 atp < 0.05. Unlike the ndings in
perceived presence and continuity, the results related to user preference showed
no signi cant difference between the two transition methods, in either the between
or within subjects comparison. Both versions seem to be similarly acceptable to
users in terms of overall preference. These results can be viewed on Figure 4.10
and Figure 4.11.

4.4.4 Extended user feedback

In addition to the formulated questions, participants were invited to provide open-
ended feedback after each condition at the end of a questionnaire section. Al-
though not all participants were willing to share additional thoughts, 6 out of 10
provided additional open answers to the structured questionnaire. These responses
offered valuable insight into participants' subtle observations and emotional reac-
tions not captured by the constructed questionnaire.

Corridor-Based implementation

Participants generally responded positively to the corridor-based transition. More
grounded approach to stage transition, where natural walking plays a key role,
seems to resonate with the users.

One participant wrote: "I really liked that | could physically walk between the
rooms without classic teleportation mechanics that are present in VR experiences".
Some participants commented on the elements of lesser relevance to the core game-
play, like the interactables scattered around the room, that are "A lot of fun throw-
ing around". While one participant noted: "The game itself felt a bit lag", on the
same note, also stated that "it didn't affect immersion much". One of the partici-
pants noticed the 'impossibility’ of the spaces separated by the corridor, being their
real world spatial overlap, and also found their interpretation of potential story, or
artistic implications: "The transition between the two rooms felt surprising in a
good way, | was not expecting the room to change, although the exact moment
of change was not noticeable. Almost like in a dream where you go from one
environment to another in a smooth fashion, and leave feeling like 'how did | get
here?"

Out-of-Sight Transition

Feedback on the Out-of-transition painted this method as surprising, sudden, but
perceptually smooth. One commenter described the method as "Very sudden, but
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Figure 4.10: Between-subjects declared preference: box plot

Figure 4.11: Within-subjects declared preference in comparison with the other condition: box plot
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fun because of it", hinting at the unexpectedness adding to the ow of the experi-
ence rather than just disrupting it. Another participant said, "Despite not knowing
what the experience was actually about, the transition between rooms is what im-
pressed and surprised me the most", while calling it "delightful" and of "magical
quality”. Some participants didn't hesitate to suggest potential expansions of the
system, for example, adding "an element of sound that could make the transition
clearer without disturbing the subtlety of it". There was one more suggestion of
enriching the experience by sound: "Sound effects of items being thrown around
would improve the immersion”, then calling the transition method: "smooth and a
bit disorienting, but in a good way."

Altogether, the extended feedback offers a valuable look at the two transition meth-
ods. While the corridor-based transition was appreciated for being grounded in
reality and subject to player agency, the Out-of-Sight method was seen as imag-
inative, surprising, and more abstract. In the hands of a skilled virtual reality
developer, a technique evoking such reactions could prove a valuable tool.



Chapter 5

Experiment

During the evaluation, participants are asked to play both versions of the game se-
guentially. Each participant experiences the two different scene transition methods
- one game utilizing the Impossible Space technique and the other employing the
Out-of-Sight Transition method. The order in which the participants play the two
versions is randomized to control for order effects.

Participants are given identical tasks in both versions: navigate through an es-
cape room environment, locate two hidden keys, and unlock a chest containing a
magical seal. Once the seal is obtained, they transition to a second stage with a
different environment, where they must repeat the objective.

After completing both versions, participants are asked to complete a post-experiment
guestionnaire, based on the Game Experience Questionnaire by Jsselsteijn et al.
[22], providing feedback on their impression of the game, sense of presence, and
general comfort during the game. In addition, a short unstructured interview is
conducted about the overall experience to gather a more qualitative perspective of
the game, the experiment, and its results. This data will be analyzed to assess the
effectiveness and user experience of the game, providing information on the levels
of immersion between the two transition methods.

43



44

Chapter 5. Experiment

Figure 5.1: A participant playing the game during the experiment
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