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Figure 1: The VMD metaphor mimics a real world HMD that permits transitions between VEs (left). An acclimatization envi-
ronment is a starting location for such transitions in which users are given time to accustom themselves to VR (right).

ABSTRACT

Several transition techniques (TTs) exist for Virtual Reality (VR)
that allow users to travel to a new target location in the vicinity of
their current position. To overcome a greater distance or even move
to a different Virtual Environment (VE) other TTs are required that
allow for an immediate, quick, and believable change of location.
Such TTs are especially relevant for VR user studies and storytelling
in VR, yet their effect on the experienced presence, illusion of virtual
body ownership (IVBO), and naturalness as well as their efficiency
is largely unexplored. In this paper we thus identify and compare
three metaphors for transitioning between VEs with respect to those
qualities: an in-VR head-mounted display metaphor, a turn around
metaphor, and a simulated blink metaphor. Surprisingly, the results
show that the tested metaphors did not affect the experienced
presence and IVBO. This is especially important for researchers
and game designers who want to build more natural VEs.
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1 INTRODUCTION

Moving from the current location to a new one is an integral task in
most Virtual Reality (VR) applications. It is commonly categorized
as an aspect of spatial navigation, one of the three fundamental 3D
interaction tasks [34]. Several well-understood locomotion tech-
niques exist that allow users to continuously travel to a new target
location in the vicinity of their current location, e.g., real-walking
[13, 21], walking-in-place [44, 58], and redirected walking [12]
as well as many controller-based and gesture-based locomotion
methods [10, 15]. When it comes to overcoming greater distances
or to transitioning to a different Virtual Environment (VE), other
techniques are required that allow for a quick as well as believ-
able change of location, called transition techniques (TTs) in the
remainder of this paper. These often artificial, teleportation-based
techniques are less-researched and their effect on the experienced
presence, illusion of virtual body ownership (IVBO), and natural-
ness as well as their efficiency is largely unexplored [4, 11]. Nat-
uralness in this specific context refers to a TT’s intuitiveness as
well as ease of use regarding its interaction technique and interface
elements.

Still, TTs are highly relevant for VR user studies and storytelling
in VR: In VR user studies, participants are commonly given time
to accustom themselves to VR within an initial acclimatization
environment, called training room [37], VR acclimatization [48, 49],
VR accustomization [3], embodiment phase [47], orientation phase [2],
or familiarization phase [43], before being exposed to certain stimuli
(in another VE) that are to be evaluated. Using a virtual replica of the
physical laboratory as acclimatization environment increases the
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users’ sense of presence [62] and improves their distance estimation
skills [61] as well as their spatial and situational awareness [65].
Thus, this procedure is particularly common for studies including
virtual embodiment. In VR-storytelling, TTs are required as an
equivalent to scene transitions in films [31, 38]. VR computer games,
for instance, require such design elements to navigate the player
between levels or to a home environment for system control, just
as their non-VR counterparts. In both cases, a high presence, IVBO,
naturalness, and efficiency as well as no occasion of simulator
sickness is desired. In addition, it is especially important for VR
user studies to know if the use of different TTs has the potential to
confound the actual measurements.

Our contribution: Given the lack of user-centric, empirical,
and comparative evaluation of TTs between VEs targeting head-
mounted display (HMD) setups, this paper identifies three metaphors
and compares them with regard to their effect on the experienced
presence, IVBO, efficiency, and naturalness.

Simulated Blink (SB) fades a user’s view to black, changes the
location or environment, and fades in again.

Turn Around (TA) requires the user to turn around and chan-
ges the environment out of her field of view (see Figure 2).

Virtual-head Mounted Display (VMD) mimics the function-
ality of a real world HMD (see Figure 1 left).

The results presented in this paper show that the tested metaphors
did not affect the experienced presence and IVBO and that the per-
ceived naturalness can be increased by realizing TTs in a continuous
and physical way.

The remainder of this paper is structured as follows: The next
section presents an analysis of the state of research concerning VE
TTs, presence in VR, and IVBO. Subsequently, the TT metaphors
are presented conceptually, followed by an overview of their tech-
nical implementations. The applied methodology is then described
together with a specification of the conducted user study procedure.
Finally, the results of this evaluation are presented and discussed,
followed by a conclusion and outlook.

2 RELATED WORK

LaViola et al. [34] categorize the task of travel to be an aspect
of navigation that supports another task rather than being the
user’s primary goal in most VR applications. TTs are interaction
techniques to fulfill travel tasks that are distinguished from other
commonly used TTs in the distance to be travelled, which is high
or undefined (if the target is another VE), and the degree to which
the target is visible from the starting location. They are related to
travel or rather TTs between physical and virtual locations, like
[16]. However, transitioning from or to a physical location implies
constraints that are out of this paper’s scope.

The following terminology is used throughout this paper for clas-
sifying TTs and for discussing their relevant distinctions: Firstly,
the interaction type of the technique characterizes the manner of
triggering the navigation. It can be physical, i.e., "exploiting physical
motion cues for navigation and translating natural movement to VR
motion through some kind of body tracking", or it can be artificial,
i.e,, "utilizing input devices to direct VR motion and navigation"
[4]. Secondly, the motion type of the technique describes the user’s
motions during the navigation. It can be continuous, "supporting
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smooth, uninterrupted movement in the virtual environment" or
non-continuous, "providing instantaneous, non-continuous move-
ment transitions" [4]. Finally, the diegesis of the interface elements
utilized for the concrete realization of a TT metaphor, e.g., of the el-
ements used to trigger the transition. They can be diegetic, i.e., part
of the VE, or non-diegetic, like classical user interfaces in computer
games [19]. With respect to HMD-VR applications, there is evidence
that diegetic interfaces perform better than a non-diegetic ones, in
terms of immersion, sense of presence, usability and cybersickness
avoidance [51]. In addition, there is no need to use non-diegetic re-
alizations for triggering actions, since using a button of a controller
is a common diegetic realization for HMD-VR. HMD-VR setups nor-
mally display the position of the game controllers using 3D assets
thus making them to a part of a VE. Hence, pressing a button in
them is a diegetic realization for triggering actions. Altogether this
explains why non-diegetic alternatives are rarely used in HMD-VR.

TTs between VEs utilized in research projects are oftentimes very
simple, e.g., artificial, non-continuous, non-diegetic approaches like
asking the user to close her eyes and loading a new scene [1, 29], or
they are not concretely reported as part of the study design at all.
Yet, there are some elaborated approaches: A physical, continuous,
diegetic technique targeting CAVE setups is proposed by [32] that
allows the user to grab and manipulate so-called photoportals, 2D
windows showing a 3D view of another perspective of the VE. Users
can "enter" a photoportal by putting their head into the portal thus
using it to navigate within the VE. Static connections between
head-high portals and remote locations within the VE constitute a
similar technique that has been realized for CAVE setups [18] and
HMD setups [14]. A different physical, non-continuous, diegetic
approach targeting HMD setups is suggested by [31]. It allows users
to teleport to remote locations by turning around by 180 degrees
within a specific area.

A similar situation is found in the area of VR games. Most of them
rely on artificial, non-continuous approaches, basing on a simulated
blink metaphor for navigating the player between VEs or rather
levels [27, 46]. Analogously, there are some elaborated approaches:
Budget Cuts [42], Accounting [17], and SuperHot VR [63] utilize a
physical, continuous, diegetic technique targeting HMD setups. In
these games, grabable portals similar to the photoportals can be
moved near the player’s head to transition to a remote location
or another VE. During this movement the portal is continuously
enlarged (since it is getting nearer) until it fills the user’s field of
view completely.

In total, TTs for navigating between VEs are often artificial and
teleportation-based. They are part of many VR research systems
and computer games allowing the user to travel. As a central part
of these applications, TTs also effect the overall VR experience. One
fundamental aspect of this experience is the sensation of presence.
Presence, telepresence, or place illusion is the qualia of having a
sensation of being in a real place [53]. It distinguishes from visual
immersion, an objective description of system properties [60] or
rather of the sensorimotor contingencies that it supports [53], e.g.,
allowing the user to move her head to change the perspective onto
an object or to walk to change location. Presence also distinguishes
from plausibility illusion [53]. Plausibility illusion describes a user’s
illusion to perceive events happening in a VE as actually occurring
events. These events are outside of the user’s direct control but
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refer directly her. As an analysis of a TT’s effect on the plausibil-
ity illusion requires the simulation of external events potentially
confounding the targeted measurements, it is out this paper’s scope.
High presence can be a goal in itself, especially in the field of VR
storytelling [52]. It may also contribute to higher task performance
[30], although it seems more evident that the achieved immersion is
more important for this correlation [54]. When it comes to achieving
or maintaining high presence, previous findings indicate that the
interaction type, motion type, and diegesis of a TT is relevant [39].
Maintaining presence requires a continuous stream of stimuli and
experiences [69]. Using TTs that interrupt this stream can lead to
a break in presence and immersion which negatively affects the
overall experience of the simulation. Moreover, presence will be
increased if interactions involve whole-body movement [55]. Such
a more physical form of interaction is also more engaging [31], i.e.,
the degree to which its execution is fascinating to a user, which is
related to naturalness [9, 20]. Thus, naturalness is important for
presence [36], indicating that diegetic interfaces are beneficial.
Naturalness, usability, and a user’s performance depend on the
degree to which an interaction technique matches the task context
[9]. This includes a technique’s concrete interactions and the rel-
evant interface elements inside of a VE. For instance, a steering
wheel might achieve a high degree of naturalism in case of a racing
simulation, but cease to be effective for first-person shooter gamers.
Hence, natural interaction techniques are most effective when they
achieve a high level of fidelity and a familiar interface for users.
Finally, a poorly designed TT may introduce cybersickness [11,

36]. Early findings suggested that quick, non-continuous, teleportation-

based TTs are correlated with increased user disorientation [8].
More recent implementations showcased their potential with only
minor effects on space cognition and disorientation [5, 11].
Besides the characteristics of the interactions itself, the represen-
tation of the user in the VE is of central importance for the overall
VR experience. Apart from not representing the user at all, the
utilization of artificial virtual bodies as a proxy for the user’s real
physical body [26] is a commonly applied approach that creates
the so-called IVBO [56]. The existence of a virtual body while in-
teracting in VR is found to be related to a higher sense of presence,
compared to interacting through a traditional user interface [57].
Other studies, however, do not suggest IVBO as a cause of presence
[52] or do not find an increase in presence owed to IVBO [35].
Altogether, these findings with respect to presence, immersion
and cybersickness theoretically suggest physical techniques to be
better than artificial ones, continuous ones to be better than non-
continuous ones, and diegetic ones to be better than non-diegetic
ones. Concrete investigations targeting such correlations for TTs,
however, are pending and thus raising the necessity of comparative,
user-centric, empirical evaluations [4, 11]. This paper thus identifies
and compares three TT metaphors with regard to their effect on the
experienced presence. Due to the central role of IVBO for presence
[67], the evaluation investigates the TTs’ effects in two separate
conditions, with a full and a minimal virtual body in a HMD setup.
This is additionally important, since studies involving IVBO often
use an initial acclimatization environment that should necessitate
a TT to navigate the user into the actual stimulus environment
[2, 3,37, 43, 47-49]. In those cases, the impact of the chosen TT on
the evaluated qualities is paramount. Additionally, the presented
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evaluation covers the techniques’ efficiency and naturalness, to
assess their suitability for VR storytelling.

3 TRANSITION TECHNIQUES

Three TT metaphors were selected to margin the design space of
interaction type and motion type in terms of the theoretically best
and theoretically worst characteristics with respect to presence,
naturalness, and cybersickness. SB represents a commonly used TT
metaphor that represents the lower margin, while TA and VDM
represent the upper one. TA was chosen in addition to VMD due
to its inclusion of whole-body movements. All three metaphors
were chosen to be realized in a diegetic way due to the strong
disadvantages and rare use of non-diegetic interface elements in
HMD-VR.

3.1 Simulated Blink

A commonly used, artificial and non-continuous metaphor for
achieving a transition between two VEs is by simulating a blink
of an eye. This metaphor fades the user’s view to black, changes
the scene or teleports the player to a different location, and finally
fades the view in again. Depending on the trigger method it can
be diegetic or non-diegetic. For our comparison we used a button
press to trigger the transition, making it diegetic.

3.2 Turn Around

The TA metaphor represents a physical and continuous transition.
It is following the idea of [31]. This metaphor requires a user to
turn around by 180 degrees after the intention to transition is given.
The performance of the turn around is completely up to the user
to allow for a high degree of self-control and simulator sickness
avoidance. The environment behind the player is then replaced with
the target VE (see Figure 2). As a result of this, the user sees the VE
she is transitioning to, when she turns around. As soon as the first
VE is outside of the user’s view, it also gets exchanged with the
new VE, thus completing the transition to the other environment.
TA requires the user to physically perform the transition, turning
it into a process that involves whole-body movement. Depending
on the trigger method it can be diegetic or non-diegetic. For our
comparison we used a button press to trigger the transition, making
it diegetic. Despite implementing a mere button press to initiate the
transition, the requirement to turn around makes it more complex
in comparison to SB.

3.3 Virtual-head Mounted Display

A physical, continuous, and diegetic metaphor that mimics the
functionality of a real world HMD, following the ideas of [17, 45, 59,
63] (see Figure 1 left). The VMD metaphor requires the user to grab
a virtual HMD and to put it on using a gesture one would perform
to wear normal glasses. By reversing this gesture, users can return
to the initial VE. Just like real world HMDs, VMDs provide a live
preview of the position where the user would enter the new VE after
the transition. That way, users can already take a sneak peak of the
navigation target and prepare for the transition by slowly putting
on the VMD. During this process, the scenery gets continuously
larger until it visually immerses the user into the target VE. Vice
versa, by slowly removing the VMD, the visual immersion gets
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Figure 2: The TA metaphor requires users to physically turn around to change from one VE to another.

broken and the initial VE is revealed again. Thus, this metaphor
combines a natural interaction with familiar and diegetic interface
elements to match the task of immersing oneself in a different VE
[9]. This, however, makes this metaphor more complex in contrast
to a mere button press of SB.

4 DESIGN

In this paper, we compare the three TT metaphors TA, VMD, and
SB with regard to their effect on the experienced presence, IVBO,
naturalness as well as their efficiency.

4.1 Study

Due to the classification of the metaphors and indications discussed
in section 2, suggesting that with respect to presence, IVBO, and
naturalism, physical techniques theoretically should be better than
artificial ones and continuous ones better than non-continuous
ones, we assume the following hypotheses (H):

Hpre VMD and TA elicit a higher self-reported presence
Hiypo VMD and TA elicit a higher self-reported IVBO
Hepr VMD and TA are less efficient

H, .+ VMD and TA are more natural

To validate the four presented hypotheses, the study is designed
to require users to transition between two individual VEs thus al-
lowing them to evaluate the naturalness and efficiency of the three
discussed TTs. Furthermore, to assess the TTs’ effects on the expe-
rienced presence and IVBO, a simple task including a rudimentary
interaction is required that simultaneously directs the users’ atten-
tion to their virtual body parts. Due to the potentially central role
of IVBO for presence, the evaluation investigates the TTs’ effects
with an between groups design by implementing a minimal virtual
embodiment (min-VB), i.e., simply showing the devices’ 3D assets,
and a full virtual embodiment (full-VB), i.e., using an avatar as a
proxy for a user’s body, condition (see Figure 3). By providing these
two conditions, an analysis of the moderating effects of IVBO is
achieved. Internally, the groups follow a within subjects design as
every group is required to use all of the TTs. The TTs appear in
an randomized order to allow for an evaluation of the potential
moderating effects.

4.2 System

A system design featuring two separate VEs is required for evaluat-
ing the three presented TTs. It should be simple to avoid confounds
induced by distracting context. The first VE we chose represents
the acclimatization environment found in many VR studies or al-
ternatively the home environment found in many computer games

Figure 3: Realization of the two VB conditions. Min-VB (left)
uses 3D assets of the controllers and clinched black cylin-
ders for the feet tracker. Full-VB utilizes a wooden manikin
as the avatar of the users.

(called AE in the remainder of this paper). It is designed to have
simplified but still major similarities with the layout of the Real
Room (RRm) where the experiment was conducted. For instance,
the AE (see Figure 1 right) has the same size and major features
(e.g. position of doors and windows) as the RRm. The RRm and the
AE feature a mirror to allow the participants to inspect their virtual
appearance and to induce IVBO.

The second VE represents the environment in which a stimuli
to be measured would be applied in a VR study or alternatively a
computer game level (called SE in the remainder of this paper). The
SE is designed with a strong contrast to the AE to achieve an obvious
difference between both VEs, thus increasing the experience of
transitioning to a completely different VE. The SE is an open-world
environment featuring pink terrain and some abstract mountains.
These features provide users with a sense of direction and allow
them to orientate themselves in the SE.
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Figure 4: Yellow spheres that reveal their true color upon
touch are spawned inside of the SE.

Finally, participants were given a game-like task that involved
touching floating spheres in SE and memorizing one color (red or
blue) to create an incentive to repetitively transition back and forth
between the AE and SE. A color-selection console allowing for the
input of either one of two colors is placed in the center of the AE
(see Figure 2 left). The console features a progress bar that displays
the number of times a user has to enter a color into the system to
complete an experimental condition. Each time a user enters a color,
a visual feedback indicating the correctness of the entered solution
is provided and the progress bar is updated. As the correct color
can only be determined by transitioning to the SE, an overall goal is
created for the participants. Inside of the SE, three yellow spheres
are randomly spawned within a radius of 1.5m after each transition.
All spheres are programmed to change their color when touched
with either the virtual hands or feet (see Figure 4). In addition, each
sphere has a fixed height relative to the participant’s body height to
challenge the participants to perform some extensive movements,
e.g., stretch out an arm or touch a sphere with a foot, and thus to
redirect a user’s attention towards the virtual body (0.3m above
the HMD, at the height of the upper body tracker, and 0.3m above
ground level).

Min-VB is realized by virtually representing the position of the
input devices, using 3D models of the controllers as well as clinched
black cylinders for the additional trackers. Full-VB is realized using
an avatar with the appearance of a wooden manikin called Woody
[49]. Woody was chosen due to its gender-neutrality and its verified
high IVBO rating [33]. Besides the HMD and the two controllers
for each hand, three additional trackers are used to detect the user’s
upper body and feet position and orientation. Jointly, this infor-
mation is utilized as input for an inverse kinematic algorithm that
determines the overall avatar pose.

5 IMPLEMENTATION

The VR TT experiment system was developed with unity in the
version 2017.3.1f1 [64] for PC using the SteamVR Plugin [66] in the
version 1.2.2 to implement the controller-based interaction system
and the overall player controller. The gameplay is rendered to the
HTC Vive HMD [24]. The glasses used for the virtual HMD are
part of the Unity Standard Assets and the virtual mirror is part of
the Vive Stereo Rendering Toolkit [25].
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Figure 5: Virtual bodies are implemented by tracking the po-
sitions and orientations of feet, back, head and hands.

The HTC Vive HMD (resolution: 2160 % 1200, 1080 1200 per eye;
refresh rate: 90 Hz) was connected to the computer (CPU: Intel(R)
Xeon(R) CPU E3-1230 v5 @ 3.40GHz, RAM: 16GB, Graphics card:
MSI NVIDIA GeForce GTX 980 Ti) and the HTC Vive’s tracking
area had a size of 4.8m x 4.5m. The HMD and the controllers were
cleaned after a participant has finished the experiment using a
cleansing and disinfectant product.

The tracking of a user’s body is achieved by using three addi-
tional Vive Trackers to determine the position of the upper body
and the feet (see Figure 5). The upper body tracker is attached to
a belt which is adjusted to position the device at the participant’s
back just above the hip bone. The two trackers for the feet are
attached to a non-slip over shoe system which can be worn over
the participants’ shoes, keeping them in a fixed position right above
the toes. The additional trackers are also worn by participants of
the min-VB group to avoid causing a confound of the experiment.

5.1 Simulated Blink

SB and TA use the HTC Vive controllers’ trigger buttons to initiate a
transition. While being in the AE, the transition can only be initiated
by standing on top of a transition platform placed adjacent to the
color-selection console (see Figure 1 right). Also, while being in the
SE, the transition can only be initiated after revealing all the three
balls. This decision was made to prevent participants who use the
controllers for the very first time to frequently transitioning back
and forth as they subconsciously might use the trigger button to
reveal the colors. The transition platform is used to reduce potential
room-space-related issues, e.g., risk of a collision with the RRm’s
walls after the completion of some experimental task cycles, by
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positioning the player at a defined position inside of the RRm at the
start of the experiment. SB is implemented by fading the players’
view to black for 1s, subsequently teleporting them between the two
VEs, and finally fading the view in again. The transition duration
time was selected based on a quick internal evaluation that revealed
1s to be the most comfortable time. When returning back from the
SE, the players find themselves back on the transition platform,
thus allowing them to enter a color into the console without any
additional movement.

5.2 Turn Around

For the TA technique, the AE and the SE are internally represented
by means of two different layers that can be filtered out with trans-
parent game objects. This permits to create the illusion that parts
of a VE are missing. Two transparent filter cubes are used to either
filter out parts of the AE to achieve a transition to the SE or, vice
versa, to filter out parts of the SE to achieve a transition back to the
AE. While the former cube is placed behind the user after the tran-
sition was initiated, the latter cube is spawned directly in the field
of view to hide parts of the AE. After the user has turned around
by 180 degrees and the previous VE is no longer in her field of view,
it gets disabled. To increase the usability, the AE is rotated in such
a way that the color-selection console is always positioned directly
behind the user. That way, the user merely needs to turn around to
complete the transition and to stand in front of the console thus
allowing for an easy input of the determined color.

5.3 Virtual-head Mounted Display

The VMD’s 3D asset can be grabbed by the user with one of the
controllers (intersecting virtual controller and VMD asset, holding
down the trigger button). VMD is implemented using a video texture
that displays the view of a camera located at the user’s spawn
position inside of the SE. This texture is added to the inside of
the VMD 3D asset. As soon as the grabbed VMD falls below a
certain distance to the user’s virtual head, the user gets teleported
to the SE. Vice versa, as soon as she grabs the VMD asset from her
virtual head, again exceeding the distance threshold, the player gets
teleported back to the AE. For the purpose of achieving consistency
between the two virtual environments and the other TTs, the user
always returns to the position in the AE where the VMD was put
on. Similarly, the transition returns the player to the last position
inside of the SE before the VMD was removed. The VMD asset
is connected to a spring-like force in the AE that achieves the
functionality of a rubber band. That way, the glasses hang from the
virtual ceiling and are always in easy reach for the users. Moreover,
they swing back to their initial position after returning to the AE.

All realizations of the TT metaphors feature tooltips that are
shown on the controllers to inform users about the possible inter-
actions with the system.

6 MEASURES

All questionnaires used were translated to the common language of
the study’s location. The language proficiency of each participant
was assessed to ensure that the questions were understood properly.
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6.1 Simulator Sickness

The simulator sickness was measured for all participants before and
after the experiment using the simulator sickness questionnaire (SSQ)
[28]. This questionnaire was used to measure the overall quality
of the VR simulation and to identify potential negative effects that
could have affected the study’s results.

6.2 Presence and Immersion

The study included the immersive tendency questionnaire (ITQ) [69]
and the presence questionnaire - version 3.0 (PQ) consisting of the
19 core items [68]. Also, a single-question mid-immersion oral
presence assessment [6, 7] was conducted as presence is quickly
lost after the end of the immersion. The questionnaires were used to
evaluate immersive as well as believable aspects of the simulation
and, more importantly, of the TTs. While the ITQ was only filled out
before the start of the experiment, the PQ was completed after each
experimental simulation session. The mid-immersion assessment
was conducted after a participant’s fourth transition to the SE.

6.3 Illusion of Virtual Body Ownership

The IVBO was measured using the Alpha IVBO questionnaire [50].
It was completed after each experimental simulation session to
determine if the used TT affects the experienced IVBO.

6.4 Efficiency

The efficiency of the TTs, as a measure of the resources expended,
was assessed by measuring a participant’s completion time needed
to complete an experimental condition. In addition, the NASA-TLX
[23] was implemented to measures the users’ perceived task load
after the completion of each condition. To facilitate the evaluation
process, the NASA-TLX was used in the modified Raw NASA-TLX
(RTLX) [22] version, i.e., the RTLX eliminates the weighting process
and only implements the six subscales [40].

6.5 Naturalness

The naturalness of the TTs was assessed by evaluating their intu-
itiveness, the most fundamental quality of natural user interfaces
[20], as well as by asking for the users preference. Intuitiveness
was assessed by implementing the QUESI [41] after the completion
of each condition. At the end of the experiment, participants were
asked to express their preference for one of the three TTs and to
reason their selection.

7 PROCEDURE

The experiment consisted of eight stages:

(1.) Introduction: The participant is welcomed and receives a short
introduction into the experimental design. The participant signs
the informed consent form.

(2.) Pre-questionnaire: The participant fills out pre-questionnaire
consisting of demography questionnaire, ITQ, and pre-test SSQ.
(3.) Preparation: The participant dons the tracking system, HMD
and controllers. Subsequently, a brief explanation of the controls is
given. The real world mirror is covered to avoid tracking issues.
(4.) Acclimatization: In the full-VB condition, Woody is adjusted
to the participant’s body height. Subsequently, the participant is
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given the opportunity to explore the AE for 1 minute. In the min-VB
condition, the participant is given the opportunity to explore the
AE for 1 minute. Both conditions include a brief tutorial explaining
the mechanic to reveal a sphere’s color.

(5.) Simulation: The participant utilizes a TT to determine the cor-
rect color and enters the solution into the color-console. After the
4th transition to the SE, the mid-immersion presence gets assessed.
(Repeated 7 times).

(6.) Evaluation: The participant fills out the post-questionnaire con-
sisting of PQ, NASA-TLX, QUESI, and IVBO.

(7.) Repetition: Back to Step 5 until all three TTs are completed. The
TTs are presented in a randomized order.

(8.) Conclusion: The participant fills out the post-test SSQ and is
asked which of the TTs would be the participant’s choice for a
frequent use in VR. Also, the participant is asked to provide an
optional explanation for the choice.

8 PARTICIPANTS

In total, 49 participants (33 females, 16 males) were recruited from
the undergraduate students who were enrolled at the University of
Wiirzburg. They had a mean age of 21.18 (SDgge = 1.98) and were
native speakers. 15 participants reported to be frequent computer
game players and 40 participants reported to have used an HMD
before. The participants first were sorted by their gaming experi-
ence to ensure an equal distribution of well experienced gamers
among the two groups. Then, the participants were randomly as-
signed to either the full virtual embodiment full-VB group (n = 23,7
females, 6 males; 7 regular computer game players) or the minimal
embodiment min-VB group (n = 26, 16 females, 10 males; 8 regular
computer game players).

9 RESULTS

The results were analyzed by either computing Wilks” Lambda re-
peated measurements ANOVA and paired t-tests for comparisons
of the measured effects inside of the within subjects design eval-
uations, i.e., full-VB and min-VB group, or computing two sample
t-tests to compare the results between the full-VB and min-VB
group. The effect size was determined by computing the Cohen’s
D. A correlation was analyzed by using Pearson’s product-moment
correlation.

9.1 Simulator Sickness

The total score of the SSQ was computed for the measurements that
took place at the beginning (Mg,.vp = 13.98, SDg1.vp = 12.87,
Muin-vB = 17.26, SDpin-vp = 14.96) and the end (Mgy.yg = 17.07,
SDguiove = 19.00, Mppin-vg = 15.68, SDpinvg = 16.22) of the
experiment. No significant difference was found between the two
groups before (tpre(47) = 0.82, ppre = 0.42) and after (tpost(47) =
0.28, ppost = 0.78) the experiment. Also, no significant change in the
SSQ total score between the two measurements was found in the
two groups (¢fu11-vB(22) = 0.75, prui-ve = 0.46, tmin-vB(25) = 0.68,
Pmin-vB = 0.50).

9.2 Presence

9.2.1 Immersive Tendency. The participants showed a mean im-
mersive tendency (Mt = 4.34, SDyT = 0.53) which was above the
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Table 1: Mean Presence (PQ).

Group Mymp  SDymp Msg SDsp Mrta  SDra p
Full-VB 5.42 0.70 5.50 0.69 5.13 1.01 0.07
Min-VB 557 0.74 576 0.60 5.45 061 0.01%

Table 2: Mean Mid-Immersion Presence.

Group Mymp  SDymp  Msg SDsg - Mta SDpa r
Full-VB 717 1.67 7.30 1.29 6.91 168 0.46
Min-VB 7.42 1.96 7.50 1.84 7.08 200  0.18

neutral mid-point (1 = low tendency, 7 = high tendency) on the ITQ.
The participants who were randomly assigned to the full-VB group
(Mgg-vg = 4.43, SDgyyg = 0.56) and to the the min-VB group
(Miin-vB = 4.26, SDpin-vB = 0.49) were not significantly different
(t(47) = 1.08, p = 0.29) in their immersive tendency.

9.2.2  Presence Questionnaire. The full-VB group and the min-
VB group (see Table 1) gave an above neutral mid-point rating
(1 =low presence, 7 = high presence) on the PQ for the VR TT
system independent of the used TT. A significant difference was
only found in the min-VB group (Fg,j1-v(21) = 3.12, payj1-yp = 0.07,
Finin-v(24) = 5.36, pmin-vB = 0.01) between SB and TA (¢(25) =
3.30, p = 0.003, cohensD = 0.65). No significant difference was
found in the min-VB group between VMD and SB (¢(25) = 1.53,
p = 0.14) as well as between VMD and TA (#(25) = 0.95, p =
0.35). Also, no significant difference was found between the two
groups (tymp(47) = 0.77, pymp = 0.45, tsp(47) = 1.42, psp = 0.16,
tra(47) = 1.37, pra = 0.16).

9.2.3 Mid-Immersion Presence. The full-VB group and the min-
VB group (see Table 2) gave an above neutral mid-point rating (1
= low presence, 10 = high presence) on the mid-immersion pres-
ence assessment for the VR TT system independent of the used TT.
No significant difference was found in both groups (Fgj1.yp(21) =
0.80, praiiove = 0.46, Frin-ve(24) = 1.85, pmin-ve = 0.18). More-
over, no significant difference was found between the two groups
(tvmp(47) = 0.48, pymp = 0.63, ts(47) = 0.43, psg = 0.67,
tta(47) = 0.31, pTa = 0.76).

Lastly, a significant correlations was between both presence
assessment tools in the full-VB group (Pearson’s cor: typMp(21) =
3.17, pymp = 0.005, tsg(21) = 2.19, psg = 0.04, tta(21) = 2.11,
pTA = 0.04) and the min-VB group (Pearson’s cor: typmp(24) = 5.51,
pvMD < 0.001, tsp(24) = 6.44, ps < 0.001, t1a(24) = 5.06, pra <
0.001).

9.3 IVBO

As Table 3 depicts, all three tested TTs had no effect on the par-
ticipants’ IVBO. The Alpha IVBO is a three factor questionnaire
measuring a user’s acceptance of the own virtual body (acceptance),
the agency and visual representation of motion (control) and the
perceived change of the own body (change). The implementation
of Woody using inverse kinematic resulted in a rating above the
neutral mid-point (1 = low effect, 7 = high effect) of the acceptance
as well as control subscales and a below neutral mid-point rating
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Table 3: Overview of the IVBO subscales.
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Table 6: Mean QUESI rating.

Scale Mymp SDymp  Msg SDsg - Mra  SDta p Group Mymp  SDymp  Msg SDsg Mta  SD1a r
Full-VB Full-VB 405 0.79 437 063 399 086  <0.001x
Acceptance 4.23 1.12 4.23 0.85 4.16 0.78 0.88 Min-VB 4.20 0.64 4.48 0.57 4.12 0.49 0.01*
Control 5.89 1.22 5.89 0.96 5.84 1.29 0.71

Change 2.33 1.18 2.46 1.26 2.32 1.26 0.89

Min-VB

Acceptance 5.24 132 504 145 499 132 0.32 cohensD = 0.53) but not between VMD and TA (#(25) = 0.22,
Control 6.07 0.84 6.25 0.69 5.99 0.91 0.34 . . .

Change 209 L2 18 112 171 097 0.08 p = 0.82). No significant difference was found between the two

Table 4: Mean Completion Time in seconds.

Group Mymp  SDymp Msg SDsg Mra SDra
Full-VB 131.94 31.42 123.74 24.60 139.54 29.81 0.16
Min-VB 131.02 30.15 11450 2140 13466 2844  0.02%

Table 5: Mean NASA-TLX score.

Condition Mymp  SDymp  Msp SDsg Mta  SDta P
Full-VB 27.50 17.76 19.38 10.07 28.19 15.21 0.007x*
Min-VB 21.92 15.05 16.63 9.80 21.47 14.00 0.02%

of the change subcomponent. Similarly, the min-VB condition re-
sulted in a rating above the neutral mid-point of the acceptance
as well as control subscales and a below neutral mid-point rating
of the change subcomponent. The acceptance subcategory was
rated significantly higher in the min-VB group than in the full-
VB group (tymp(47) = 2.88, pymp = 0.006, cohensDynp = 0.82,
tsp(47) = 2.33, psg = 0.02, cohensDsg = 0.67, tTa(47) = 2.63,
pTA = 0.01, cohensDtp = 0.85) for all of the used TTs.

9.4 Efficiency

9.4.1 Completion Time. As Table 4 displays, a significant dif-
ference in the total completion time for an experimental condi-
tion was only found in the min-VB group (Fgjyvg(21) = 2.03,
Prallve = 0.16, Fin-ve(24) = 4.61, pmin-v = 0.02). A further
analysis of the results revealed a significant difference between
VMD and SB (#(25) = 2.30, p = 0.03, cohensD = 0.45) as well
as SB and TA (#(25) = 3.00, p = 0.006, cohensD = 0.59) but not
between VMD and TA (#(25) = 0.56, p = 0.58). No significant differ-
ence was found for each of the used TTs between the two groups
(tvy Mp(47) = 0.10, pypmp = 0.92, tsp(47) = 1.41, psp = 0.17,
tTA(47) = 0.59, pTA = 0.56).

9.4.2 NASA-TLX. For evaluating the NASA-TLX and comparing
the perceived task load of the three tested TTs, the mean score
across all six subscales of the assessment tool was computed. As
Table 5 displays, a significant difference in the perceived task load
was found between the TTs in both groups (Fg-vp(21) = 6.34,
Prull-vB = 0.007, Finin-vB(24) = 4.80, pmin-vB = 0.02). Further anal-
yses revealed a significant difference in the full-VB group between
VMD and SB (¢(22) = 2.97, p = 0.007, cohensD = 0.62) as well as SB
and TA (¢(22) = 2.55, p = 0.02, cohensD = 0.53) but not between
VMD and TA (¢(22) = 0.17, p = 0.87). The min-VB group showed a
significant difference between VMD and SB (#(25) = 2.67, p = 0.01,
cohensD = 0.52) as well as SB and TA (¢(25) = 2.70, p = 0.01,

groups for any of the tested TTs (tymp(47) = 1.19, pymp = 0.24,
ts(47) = 0.97, psp = 0.34, tTa(47) = 1.61, pra = 0.11).

9.5 Naturalness

9.5.1 Preference. At the end of the experiment, the participants
were asked to choose their preferred TT: 18 participants chose VMD
(full-VB = 9, min-VB = 9), 20 participants voted for SB (full-VB =
9, min-VB = 11) and 11 participants selected TA (full-VB = 5,
min-VB = 6). The participants were also given the opportunity
to provide an explanation for their choice. They praised the high
naturalness, believability and degree of self-control of VMD, the
simplicity and efficiency of SB, and the high physical involvement
in the transition process as well as naturalness of TA. However, they
also reasoned a selection of SB with a high degree of familiarity
which made this TT seem natural to them.

9.5.2 Intuitive Use. All three TTs scored above the neutral mid-
point (1 = negative perception, 5 = positive perception) on the QUESI
questionnaire (see Table 6). A significant difference in the perceived
intuitive use was found between the TTs in both groups (Fygo(21) =
11.23, pypo < 0.001, Fnin-ve(24) = 5.19, pmin-ys = 0.01). Further
analyses revealed a significant difference in the full-VB group be-
tween VMD and SB (#(22) = 3.17, p = 0.004, cohensD = 0.66)
as well as SB and TA (#(22) = 3.39, p = 0.003, cohensD = 0.71)
but not between VMD and TA (¢#(22) = 0.37, p = 0.72). The
min-VB group showed a significant difference between VMD and
SB (t(25) = 2.44, p = 0.02, cohensD = 0.48) as well as SB and
TA (t(25) = 3.07, p = 0.005, cohensD = 0.60) but not between
VMD and TA (#(25) = 0.66, p = 0.52). No significant difference
was found between the two groups for any of the tested TTs
(tvmp(47) = 0.73, pymp = 0.47, tsp(47) = 0.62, psg = 0.54,
tra(47) = 0.64, pra = 0.52).

10 DISCUSSION

The study was designed to identify and compare potential effects
of TTs on the experienced presence and IVBO that not only would
affect the overall experience of VR applications but also potentially
confound user studies.

10.1 Presence

The analysis of the experienced presence only revealed a significant
difference in the min-VB group between SB and TA when measured
using the PQ. In contrast, the mid-immersion presence assessment
revealed no significant difference. Presence is quickly lost when
the visual immersion has ended. Also, users quickly recover from
a break in place illusion [53]. Thus, the mid-immersion presence
assessment right after a transition potentially is more accurate than
the PQ filled in at the end of an experimental cycle. Consequently,
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the three tested TTs have only a limited moderating effect on the
experienced presence. Hence, all of them are interchangable in
VR applications without breaking a user’s presence. A potential
explanation for this finding could be the fact that transitions are
used in all visual media, such as movies, animations and computer
games. Hence, a change of environment potentially is a habituated
occurrence that is not perceived as a disturbance.

No significant difference was found between the full-VB group
and the min-VB group in the experienced presence independent
of the used assessment tool. This can by explained by the fact that
the participants of both groups were (partly) visually represented
by the virtual replicas of the controllers that induced a certain
level of IVBO. Thus, it is possible to assume that aspects of IVBO
relevant for presence were similarly induced by the min-VB as
well as by the full-VB conditions. This can be a valuable insight
for designers of immersive VR applications as creating believable
avatars is currently still a complex and expensive process.

The study also demonstrated by analyzing the results of the PQ
and the mid-immersion presence assessment that both approaches
yield a valid indication of presence. Hence, by merely implementing
the mid-immersion single question presence assessment, a study
can be streamlined and still provide insights into the tested system’s
presence.

Hpre The results of the study led to the rejection of Hpe as
all three TTs showed a similar effect on the self-reported
presence.

10.2 IVBO

The results revealed no significant difference in the perceived accep-
tance, control, and change related to IVBO caused by the utilization
of the three tested TTs. Therefore, it can be assumed that all of the
three techniques are causing no interference with the IVBO. Hence,
they can be used in user studies to allow participants to change
between to independent VEs.

However, the study revealed a significantly higher acceptance
rating in the min-VB condition. This could be an effect of the ex-
perimental design. Instead of mainly focussing on their virtual
embodiments, participants were challenged to transition between
two different VE to determine a color. Despite the chosen simple
task including a rudimentary interaction, the experimental proce-
dure accidentally yielded game flow. This game flow could have
redirected a participant’s awareness from her virtual body to the ac-
tivities required to complete the task. The result also aligns with the
finding [35] that game flow resulting from a game’s gameplay can
result in a player’s loss of awareness for herself and for her virtual
body, respectively. This could also have happened with any other
task that provides a clear goal and immediate feedback. Implement-
ing such a task, however, was necessary. It gave the participants an
incentive to repetitively transition between the two VEs, provided
them with immediate feedback, and hid the core research goal. In
the end, the conclusions drawn from this study are still very rele-
vant as they indicate a TT’s effects when used in a game-like or
task-oriented context.

H;y,po As aresult, the study also led to the rejection of H;,p,
as the self-reported IVBO was not affected by the tested TTs.
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10.3 Efficiency

The efficiency evaluation consisted of the measured completion
time and perceived task load. It revealed that VMD and TA are,
as expected, slower and cause a higher task load. This can be ex-
plained by the additional actions a user has to perform to achieve
a transition using VMD and TA. SB, in contrast to the other two
tested TTs, merely requires a user to press a button to complete a
transition. The other two TTs require a user to perform the gesture
of putting on glasses or to physically turn around by 180 degrees,
respectively.

Still, despite the significant difference, all TTs yielded low task
load ratings that indicate their efficiency for achieving a transition
from one VE to another. This outcome is important for game design-
ers who like to realize transitions in a more natural and engaging
way.

Hepp  The study’s results confirm H, r¢. SB achieved a signifi-
cantly lower total task load and significantly faster comple-
tion time.

10.4 Naturalness

Finally, the naturalness evaluation consisted of the users’ preference
and perceived intuitive use. The evaluation revealed that SB yielded
a significantly higher intuitive use rating. On the one hand, this
can be again explained by the realization of this TT, i.e., using a
mere button press to complete a transition. On the other hand, it
is explainable by the common occurrence of SB in many media
forms. SB represents a traditional TT which is commonly used and
hence was potentially well internalized by the participants. Thus,
the intuitive use rating could have been influenced by previous
experiences that included a SB to change from one VE to another.
The study also revealed that SB is the preferred TT, closely fol-
lowed by VMD. SB was rated easy to use and very efficient thus
confirming its frequent implementation. VMD was rated to provide
a high degree of self-control and to be natural as well as believable.
A potential benefit for users who experience VR for the first time,
e.g., during a user-centered experiment or a therapy application.
TA, as a whole-body movement, physical and continuous technique,
was rated as very dynamic and natural. This validates the indica-
tions drawn from previous research. The two tested physical and
continuous TT metaphors were perceived as natural and partly as
plausible. In the end, this is another important insight for game

designers who like to implement natural interaction techniques.
Hyar The results confirm Hy, 5. VMD received almost similar
preference ratings and was named the most natural TT that
provides a high degree of self-control. TA, despite being the

least preferred TT, was also rated dynamic and natural.

11 CONCLUSION AND FUTURE WORK

This paper analyzed the effects of techniques permitting a tran-
sition between different VEs on the experienced presence, IVBO,
efficiency, and naturalness. For this purpose, three TT metaphors
were identified: (1) SB achieves a transition by fading the user’s
view to black, changing the user’s location, and fading the view in
again, (2) TA requires a user to physically turn around to navigate
to a different VE, and (3) VMD mimics the functionality of a real
world HMD. They were selected to margin the design space of
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interaction type and motion type in terms of the theoretically best
and theoretically worst characteristics with respect to the evaluated
qualities.

The present study led to a twofold contribution: (1) In contrast
to the theoretical conclusions drawn from literature, we provide
evidence that the three tested TTs did not affect the experienced
presence or IVBO in the frame of a game-like implementation. (2)
We confirmed the frequent implementation of SB as it yielded a
significantly higher intuitive use rating and was the most preferred
TT. At the same time, we provided insights that the two continuous
and physical TTs were perceived as natural and, in the case of VMD,
as believable in contrast to SB. This is an important result for the
scientific and game design community. Our results show that all
of the tested TTs can safely be implemented without reducing the
perceived presence and IVBO.

Future research aims at identifying a TT’s effect on the perceived
plausibility illusion which was out of scope for this paper. While
not affecting presence and IVBO, TTs might have an effect on the
perceived plausibility. Additionally, we like to explore the efficiency
and acceptance of the three TT metaphors for achieving a nested
VR experience, i.e., to utilize them for a vertical transition into
different VE layers. Finally, we like to use our categorization of
TTs and the insights gained from the present study to present a
comprehensive taxonomy.

ACKNOWLEDGMENTS

We like to thank David Heidrich and Samantha Straka for imple-
menting the system and helping us with carrying out the experi-
ment. Also, we like to thank Rebecca Hein, Kilian Roder, and Henrik
Steinmetz for helping us conducting the study.

REFERENCES

[1] Domna Banakou, Raphaela Groten, and Mel Slater. 2013. Illusory ownership of
a virtual child body causes overestimation of object sizes and implicit attitude
changes. Proceedings of the National Academy of Sciences 110, 31 (2013), 12846—
12851.

[2] Domna Banakou, Parasuram D Hanumanthu, and Mel Slater. 2016. Virtual
embodiment of white people in a black virtual body leads to a sustained reduction
in their implicit racial bias. Frontiers in human neuroscience 10 (2016).

[3] Ilias Bergstrom, Konstantina Kilteni, and Mel Slater. 2016. First-person perspec-
tive virtual body posture influences stress: a virtual reality body ownership study.
PloS one 11, 2 (2016), e0148060.

[4] Costas Boletsis. 2017. The New Era of Virtual Reality Locomotion: A System-
atic Literature Review of Techniques and a Proposed Typology. Multimodal
Technologies and Interaction 1, 4 (2017). https://doi.org/10.3390/mti1040024

[5] Benjamin Bolte, Frank Steinicke, and Gerd Bruder. 2011. The jumper metaphor:
an effective navigation technique for immersive display setups. In Proceedings of
Virtual Reality International Conference.

[6] Stéphane Bouchard, Geneviéve Robillard, Julie St-Jacques, Stéphanie Dumoulin,
Marie-Josée Patry, and Patrice Renaud. 2004. Reliability and validity of a single-
item measure of presence in VR. In Haptic, Audio and Visual Environments and
Their Applications, 2004. HAVE 2004. Proceedings. The 3rd IEEE International Work-
shop on. IEEE, 59-61.

[7] Stéphane Bouchard, Julie St-Jacques, Geneviéve Robillard, and Patrice Renaud.
2008. Anxiety Increases the Feeling of Presence in Virtual Reality. Presence 17, 4
(2008), 376-391.

[8] D.A.Bowman, D. Koller, and L. F. Hodges. 1997. Travel in immersive virtual envi-

ronments: an evaluation of viewpoint motion control techniques, In Proceedings

of IEEE 1997 Annual International Symposium on Virtual Reality. Proceedings

of IEEE 1997 Annual International Symposium on Virtual Reality, 45-52, 215.

https://doi.org/10.1109/VRAIS.1997.583043

Doug A Bowman, Ryan P McMahan, and Eric D Ragan. 2012. Questioning

Naturalism in 3D User Interfaces. Commun. ACM 55, 9 (2012), 78-88. https:

//doi.org/10.1145/2330667.2330687

[9

=

Sebastian Oberdorfer, Martin Fischbach, and Marc Erich Latoschik

[10] Evren Bozgeyikli, Andrew Raij, Srinivas Katkoori, and Rajiv Dubey. 2016. Lo-
comotion in Virtual Reality for Individuals with Autism Spectrum Disorder. In
Proceedings of the 2016 Symposium on Spatial User Interaction (SUI '16). ACM,
New York, NY, USA, 33-42. https://doi.org/10.1145/2983310.2985763

Evren Bozgeyikli, Andrew Raij, Srinivas Katkoori, and Rajiv Dubey. 2016. Point

& Teleport Locomotion Technique for Virtual Reality. In Proceedings of the 2016

Annual Symposium on Computer-Human Interaction in Play (CHI PLAY ’16). ACM,

New York, NY, USA, 205-216. https://doi.org/10.1145/2967934.2968105

[12] G. Bruder, P. Lubas, and F. Steinicke. 2015. Cognitive Resource Demands of

Redirected Walking. IEEE Transactions on Visualization and Computer Graphics

21, 4 (2015), 539-544. https://doi.org/10.1109/TVCG.2015.2391864

Gerd Bruder and Frank Steinicke. 2014. Threefolded Motion Perception During

Immersive Walkthroughs. In Proceedings of the 20th ACM Symposium on Virtual

Reality Software and Technology (VRST ’14). ACM, New York, NY, USA, 177-185.

https://doi.org/10.1145/2671015.2671026

[14] G. Bruder, F. Steinicke, and K. H. Hinrichs. 2009. Arch-Explore: A natural user

interface for immersive architectural walkthroughs, In 2009 IEEE Symposium on

3D User Interfaces. 2009 IEEE Symposium on 3D User Interfaces, 75-82. https:

//doi.org/10.1109/3DUL2009.4811208

Jorge C. S. Cardoso. 2016. Comparison of Gesture, Gamepad, and Gaze-based

Locomotion for VR Worlds. In Proceedings of the 22Nd ACM Conference on Virtual

Reality Software and Technology (VRST '16). ACM, New York, NY, USA, 319-320.

https://doi.org/10.1145/2993369.2996327

Damien Clergeaud, Joan Sol Roo, Martin Hachet, and Pascal Guitton. 2017. To-

wards Seamless Interaction between Physical and Virtual Locations for Asymmet-

ric Collaboration. In VRST 2017 - 23rd ACM Symposium on Virtual Reality Software
and Technology. Gothemburg, Sweden, 1-5.  https://hal.archives-ouvertes.fr/
hal-01649262

[17] Crows Crows Crows. 2018. Accounting. http://accountingvr.com. Last accessed

2017-06-26.

S. Freitag, D. Rausch, and T. Kuhlen. 2014. Reorientation in virtual environments

using interactive portals, In 2014 IEEE Symposium on 3D User Interfaces (3DUI).

2014 IEEE Symposium on 3D User Interfaces (3DUI), 119-122. https://doi.org/10.

1109/3DUIL2014.6798852

[19] Alexander R Galloway. 2006. Gaming: Essays on algorithmic culture. Vol. 18. U of

Minnesota Press.

Sanjay Ghosh, Chivukula Sai Shruthi, Himanshu Bansal, and Arvind Sethia.

2017. What is User’s Perception of Naturalness? An Exploration of Natural User

Experience. In Human-Computer Interaction - INTERACT 2017, Regina Bernhaupt,

Girish Dalvi, Anirudha Joshi, Devanuj K. Balkrishan, Jacki O’Neill, and Marco

Winckler (Eds.). Springer International Publishing, Cham, 224-242.

Timofey Y Grechkin, Jodie M Plumert, and Joseph K Kearney. 2014. Dynamic

affordances in embodied interactive systems: The role of display and mode of

locomotion. IEEE transactions on visualization and computer graphics 20, 4 (2014),

596-605.

[22] Sandra G. Hart. 2006. NASA-Task Load Index (NASA-TLX); 20 Years Later. In
Proceedings of the Human Factors and Ergonomics Society 50th Annual Meeting.
Santa Monica, 904-908.

[23] Sandra G. Hart and Lowell E Staveland. 1988. Development of NASA-TLX (Task
Load Index): Results of empirical and theoretical research. In Human Mental
Workload, P. A. Hancock and N Meshkati (Eds.). Elsevier Science Publishers BV.,
Amsterdam, 139-183.

[24] HTC Corporation. 2011-2017. HTC Vive. available at https://www.vive.com.

[25] HTC Corporation. 2016-2017. Vive Stereo Rendering Toolkit. available at
https://www.assetstore.unity3d.com/en/#!/content/71255.

[26] Wijnand A IJsselsteijn, Yvonne A W de Kort, and Antal Haans. 2006. Is this

my hand I see before me? The rubber hand illusion in reality, virtual reality,

and mixed reality. Presence: Teleoperators and Virtual Environments 15, 4 (2006),

455-464.

Indimo Labs. 2017. Vanishing Realms: Rite of Steel. http://www.vanishingrealms.

com. Last accessed 2017-11-19.

[28] Robert S Kennedy, Norman E Lane, Kevin S Berbaum, and Michael G Lilienthal.
1993. Simulator Sickness Questionnaire: An Enhanced Method for Quantifying
Simulator Sickness. The International Journal of Aviation Psychology 3, 3 (1993),
203-220. https://doi.org/10.1207/s15327108ijap0303_3

[29] K. Kilteni, I. Bergstrom, and M. Slater. 2013. Drumming in Immersive Virtual

Reality: The Body Shapes the Way We Play. IEEE Transactions on Visualization

and Computer Graphics 19, 4 (2013), 597-605.

Taeyong Kim and Frank Biocca. 1997. Telepresence via television: Two dimen-

sions of telepresence may have different connections to memory and persuasion.

Journal of Computer-Mediated Communication 3, 2 (1997), 0-0.

Joshua Kohn and Stefan Rank. 2016. You’Re the Camera!: Physical Movements

For Transitioning Between Environments in VR. In Proceedings of the 13th Inter-

national Conference on Advances in Computer Entertainment Technology (ACE ’16).

ACM, New York, NY, USA, Article 5, 9 pages. https://doi.org/10.1145/3001773.

3001824

[32] André Kunert, Alexander Kulik, Stephan Beck, and Bernd Froehlich. 2014. Pho-
toportals: Shared References in Space and Time. In Proceedings of the 17th ACM

[11

=
&

[15

[16

[18

[20

)
=

[27

[30

[31


https://doi.org/10.3390/mti1040024
https://doi.org/10.1109/VRAIS.1997.583043
https://doi.org/10.1145/2330667.2330687
https://doi.org/10.1145/2330667.2330687
https://doi.org/10.1145/2983310.2985763
https://doi.org/10.1145/2967934.2968105
https://doi.org/10.1109/TVCG.2015.2391864
https://doi.org/10.1145/2671015.2671026
https://doi.org/10.1109/3DUI.2009.4811208
https://doi.org/10.1109/3DUI.2009.4811208
https://doi.org/10.1145/2993369.2996327
https://hal.archives-ouvertes.fr/hal-01649262
https://hal.archives-ouvertes.fr/hal-01649262
http://accountingvr.com
https://doi.org/10.1109/3DUI.2014.6798852
https://doi.org/10.1109/3DUI.2014.6798852
http://www.vanishingrealms.com
http://www.vanishingrealms.com
https://doi.org/10.1207/ s15327108ijap0303_3
https://doi.org/10.1145/3001773.3001824
https://doi.org/10.1145/3001773.3001824

Effects of VE Transition Techniques on Presence, IVBO, Efficiency, and Naturalness

[33]

[34]

[35]

[36

[37

[38]

[39]

[40]

[41]

[42]

[43

[44]

[45]

[46

[47]

[48]

[49

[50]

[51]

[52]

[53]

[54

Conference on Computer Supported Cooperative Work &#38; Social Computing
(CSCW ’14). ACM, New York, NY, USA, 1388-1399. https://doi.org/10.1145/
2531602.2531727

Marc Erich Latoschik, Jean-Luc Lugrin, and Daniel Roth. 2016. FakeMi: A Fake
Mirror System for Avatar Embodiment Studies. In Proceeding of ACM Symposium
on Virtual Reality Software and Technology.

Joseph J LaViola Jr, Ernst Kruijff, Ryan P McMahan, Doug Bowman, and Ivan P
Poupyrev. 2017. 3D user interfaces: Theory and practice. Addison-Wesley Profes-
sional.

Jean-Luc Lugrin, Maximilian Ertl, Philip Krop, Richard Kliipfel, Sebastian Stier-
storfer, Bianka Weisz, Maximilian Riick, Johann Schmitt, Nina Schmidt, and
Marc Erich Latoschik. 2018. Any "Body” There? Avatar Visibility Effects in a
Virtual Reality Game. In IEEE Virtual Reality. IEEE.

Daniel Medeiros, Eduardo Cordeiro, Daniel Mendes, Mauricio Sousa, Alberto Ra-
poso, Alfredo Ferreira, and Joaquim Jorge. 2016. Effects of Speed and Transitions
on Target-based Travel Techniques. In Proceedings of the 22Nd ACM Conference
on Virtual Reality Software and Technology (VRST ’16). ACM, New York, NY, USA,
327-328. https://doi.org/10.1145/2993369.2996348

Michael Meehan, Brent Insko, Mary Whitton, and Frederick P. Brooks, Jr. 2002.
Physiological Measures of Presence in Stressful Virtual Environments. ACM
Trans. Graph. 21, 3 (July 2002), 645-652. https://doi.org/10.1145/566654.566630
Liang Men, Nick Bryan-Kinns, Amelia Shivani Hassard, and Zixiang Ma. 2017.
The Impact of Transitions on User Experience in Virtual Reality. In IEEE Virtual
Reality (VR). IEEE, Los Angeles, CA, USA. https://doi.org/10.13140/RG.2.2.19800.
29449

K. R. Moghadam and E. D. Ragan. 2017. Towards understanding scene transition
techniques in immersive 360 movies and cinematic experiences, In 2017 IEEE
Virtual Reality (VR). 2017 IEEE Virtual Reality (VR), 375-376. https://doi.org/10.
1109/VR.2017.7892333

William F Moroney, David W Biers, F Thomas Eggemeier, and Jennifer A Mitchell.
1992. A comparison of two scoring procedures with the NASA task load index in
a simulated flight task. In Proceedings of the IEEE 1992 National Aerospace and
Electronics Conference (NAECON 1992). 734-740.

Anja Naumann and Jorn Hurtienne. 2010. Benchmarks for Intuitive Interaction
with Mobile Devices. In Proceedings of MobileHCI'10. Lisboa, Portugal.

Neat Corporation. 2017. Budget Cuts. http://www.neatcorporation.com/
BudgetCuts/. Last accessed 2017-11-19.

Birgit Nierula, Matteo Martini, Marta Matamala-Gomez, Mel Slater, and Maria V
Sanchez-Vives. 2017. Seeing an embodied virtual hand is analgesic contingent
on colocation. The Journal of Pain 18, 6 (2017), 645-655.

N. C. Nilsson, S. Serafin, and R. Nordahl. 2014. Establishing the Range of Percep-
tually Natural Visual Walking Speeds for Virtual Walking-In-Place Locomotion.
IEEE Transactions on Visualization and Computer Graphics 20, 4 (2014), 569-578.
https://doi.org/10.1109/TVCG.2014.21

Sebastian Oberdorfer, David Heidrich, and Marc Erich Latoschik. 2017. Interactive
Gamified Virtual Reality Training of Affine Transformations. In Proceedings of
DeLFI and GMW Workshops 2017, Carsten Ullrich and Martin Wessner (Eds.).
Chemnitz, Germany.

Owlchemy Labs. 2017. Job Simulator—the 2050 archives.
jobsimulatorgame.com. Last accessed 2017-11-19.

Tabitha C Peck, Sofia Seinfeld, Salvatore M Aglioti, and Mel Slater. 2013. Putting
yourself in the skin of a black avatar reduces implicit racial bias. Consciousness
and cognition 22, 3 (2013), 779-787.

Ausias Pomés and Mel Slater. 2013. Drift and ownership toward a distant virtual
body. Frontiers in human neuroscience 7 (2013).

Daniel Roth, Jean-Luc Lugrin, Julia Biiser, Gary Bente, Arnulph Fuhrmann, and
Marc Erich Latoschik. 2016. A Simplified Inverse Kinematic Approach for Em-
bodied VR Applications. In in Proceedings of the 23rd IEEE Virtual Reality (IEEE
VR) conference.

Daniel Roth, Jean-Luc Lugrin, Marc Erich Latoschik, and Stephan Huber. 2017.
Alpha IVBO - Construction of a Scale to Measure the Illusion of Virtual Body
Ownership. In Proceedings of the 2017 CHI Conference Extended Abstracts on
Human Factors in Computing Systems (CHI EA °17). ACM, Denver, Colorado, USA,
2875-2883. https://doi.org/10.1145/3027063.3053272

P. Salomoni, C. Prandi, M. Roccetti, L. Casanova, and L. Marchetti. 2016. Assessing
the efficacy of a diegetic game interface with Oculus Rift, In 2016 13th IEEE
Annual Consumer Communications & Networking Conference (CCNC). 2016
13th IEEE Annual Consumer Communications & Networking Conference (CCNC),
387-392. https://doi.org/10.1109/CCNC.2016.7444811

Martijn J Schuemie, Peter Van Der Straaten, Merel Krijn, and Charles APG Van
Der Mast. 2001. Research on presence in virtual reality: A survey. CyberPsychology
& Behavior 4, 2 (2001), 183-201.

Mel Slater. 2009. Place illusion and plausibility can lead to realistic behaviour in
immersive virtual environments. Philosophical Transactions of the Royal Society
of London B: Biological Sciences 364, 1535 (2009), 3549-3557.

Mel Slater, Vasilis Linakis, Martin Usoh, and Rob Kooper. 1996. Immersion,
Presence, and Performance in Virtual Environments: An Experiment with Tri-
Dimensional Chess. In ACM Virtual Reality Software and Technology (VRST).

https://

[55

[56

[57

o
&,

[59

[60

[61

[63]

[64

[65

[66

o8]

[69]

SUI ’18, October 13-14, 2018, Berlin, Germany

163-172.

Mel Slater, John McCarthy, and Francesco Maringelli. 1998. The Influence of
Body Movement on Subjective Presence in Virtual Environments. Human Factors
40, 3 (2017/11/19 1998), 469-477. https://doi.org/10.1518/001872098779591368
Mel Slater, Daniel Perez-Marcos, H Henrik Ehrsson, and Maria V Sanchez-Vives.
2009. Inducing illusory ownership of a virtual body. Frontiers in neuroscience 3, 2
(2009), 214.

Mel Slater, Bernhard Spanlang, and David Corominas. 2010. Simulating Virtual
Environments Within Virtual Environments As the Basis for a Psychophysics of
Presence. In ACM SIGGRAPH 2010 Papers (SSGGRAPH °10). ACM, New York, NY,
USA, Article 92, 9 pages. https://doi.org/10.1145/1833349.1778829

Mel Slater, Anthony Steed, and Martin Usoh. 1995. The Virtual Treadmill: A
Naturalistic Metaphor for Navigation in Immersive Virtual Environments. Springer
Vienna, Vienna, 135-148. https://doi.org/10.1007/978-3-7091-9433-1_12

Mel Slater, Martin Usoh, and Anthony Steed. 1994. Depth of Presence in Virtual
Environments. Presence 3, 2 (1994), 130—144.

Mel Slater and Sylvia Wilbur. 1997. A Framework for Immersive Virtual Envi-
ronments (FIVE): Speculations on the Role of Presence in Virtual Environments.
Presence 6, 6 (1997), 603-616. https://doi.org/10.1162/pres.1997.6.6.603

Frank Steinicke, Gerd Bruder, Klaus Hinrichs, Markus Lappe, Brian Ries, and Vic-
toria Interrante. 2009. Transitional Environments Enhance Distance Perception
in Immersive Virtual Reality Systems. In Proceedings of the 6th Symposium on
Applied Perception in Graphics and Visualization (APGV "09). ACM, New York,
NY, USA, 19-26. https://doi.org/10.1145/1620993.1620998

F. Steinicke, G. Bruder, K. Hinrichs, A. Steed, and A. L. Gerlach. 2009. Does
a Gradual Transition to the Virtual World increase Presence?, In 2009 IEEE
Virtual Reality Conference. 2009 IEEE Virtual Reality Conference, 203-210. https:
//doi.org/10.1109/VR.2009.4811024

SUPERHOT team. 2018. SuperHot VR. https://superhotgame.com/vr/. Last
accessed 2017-06-26.

Unity. 2018.  unity 2017.3.1f1.
unity/download/archive.

Dimitar Valkov and Steffen Flagge. 2017. Smooth Immersion: The Benefits
of Making the Transition to Virtual Environments a Continuous Process. In
Proceedings of the 5th Symposium on Spatial User Interaction (SUI '17). ACM, New
York, NY, USA, 12-19. https://doi.org/10.1145/3131277.3132183

Valve Coorperation. 2015-2017. SteamVR Plugin. https://www.assetstore.unity3d.
com/en/#!/content/32647.

Thomas Waltemate, Dominik Gall, Daniel Roth, Mario Botsch, and Marc Erich
Latoschik. 2018. The Impact of Avatar Personalization and Immersion on Virtual
Body Ownership, Presence, and Emotional Response. IEEE Transactions on
Visualization and Computer Graphics 24, 4 (2018), 1643-1652.

Bob G Witmer, Christian J Jerome, and Michael J Singer. 2005. The Factor
Structure of the Presence Questionnaire. Presence 14, 3 (2005), 298-314.

Bob G Witmer and Michael J Singer. 1998. Measuring Presence in Virtual Envi-
ronments: A Presence Questionnaire. Presence 7, 3 (1998), 225-240.

available at https://unity3d.com/get-


https://doi.org/10.1145/2531602.2531727
https://doi.org/10.1145/2531602.2531727
https://doi.org/10.1145/2993369.2996348
https://doi.org/10.1145/566654.566630
https://doi.org/10.13140/RG.2.2.19800.29449
https://doi.org/10.13140/RG.2.2.19800.29449
https://doi.org/10.1109/VR.2017.7892333
https://doi.org/10.1109/VR.2017.7892333
http://www.neatcorporation.com/BudgetCuts/
http://www.neatcorporation.com/BudgetCuts/
https://doi.org/10.1109/TVCG.2014.21
https://jobsimulatorgame.com
https://jobsimulatorgame.com
https://doi.org/10.1145/3027063.3053272
https://doi.org/10.1109/CCNC.2016.7444811
https://doi.org/10.1518/001872098779591368
https://doi.org/10.1145/1833349.1778829
https://doi.org/10.1007/978-3-7091-9433-1_12
https://doi.org/10.1162/pres.1997.6.6.603
https://doi.org/10.1145/1620993.1620998
https://doi.org/10.1109/VR.2009.4811024
https://doi.org/10.1109/VR.2009.4811024
https://superhotgame.com/vr/
https://doi.org/10.1145/3131277.3132183
https://www.assetstore.unity3d.com/en/#!/content/32647
https://www.assetstore.unity3d.com/en/#!/content/32647

	Abstract
	1 Introduction
	2 Related Work
	3 Transition Techniques
	3.1 Simulated Blink
	3.2 Turn Around
	3.3 Virtual-head Mounted Display

	4 Design
	4.1 Study
	4.2 System

	5 Implementation
	5.1 Simulated Blink
	5.2 Turn Around
	5.3 Virtual-head Mounted Display

	6 Measures
	6.1 Simulator Sickness
	6.2 Presence and Immersion
	6.3 Illusion of Virtual Body Ownership
	6.4 Efficiency
	6.5 Naturalness

	7 Procedure
	8 Participants
	9 Results
	9.1 Simulator Sickness
	9.2 Presence
	9.3 IVBO
	9.4 Efficiency
	9.5 Naturalness

	10 Discussion
	10.1 Presence
	10.2 IVBO
	10.3 Efficiency
	10.4 Naturalness

	11 Conclusion and Future Work
	Acknowledgments
	References



