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Abstract—Virtual reality (VR) video games that are played on
a VR headset are becoming increasingly common in households,
and though many games require players to navigate vast virtual
spaces, most homes cannot provide a large enough physical space
to encompass the entire virtual space. Thus, VR video games
that require locomotion often provide users with alternative
locomotion techniques. While teleportation or steering is typically
used as a standard, new techniques can overcome remaining
problems such as motion sickness. However, a holistic perspective
of user needs and issues regarding these techniques in practical
situations has not been studied on a broad basis. To address this
gap in the literature and contribute to future VR video game
development and research, we conducted 16 semi-structured
interviews and surveyed 88 participants to help explore issues
regarding existing locomotion techniques. Our results revealed
preferences related to teleportation versus steering and the
postures that users adopt while playing VR video games, along
with user needs for locomotion techniques in each posture.

Index Terms—needfinding, empirical study, locomotion, tele-
portation, steering, virtual reality, games

I. INTRODUCTION

N the last few years, commercial virtual reality (VR)

headsets have become increasingly available to the general
market at an affordable price, and they have been making
their way into consumer households. One major use of VR
headsets in households is for video games [1]-[3]. Many
of these games provide a virtual space and require users to
explore it, such as the popular Half-life: Alyx (2020) [4].
In such games, the position tracking functionality enables
users to navigate a virtual space by walking around their
physical space. However, the virtual spaces provided by these
games are often much larger than the size of a typical room
in households. Therefore, games often provide users with
alternative locomotion techniques [5], such as teleportation
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or steering [6]. These locomotion techniques enable users to
navigate virtual spaces without physically moving around in
the real world. As a result, users can explore virtual spaces
that exceed the physical limitations of their room size. While
alternative locomotion techniques like teleportation or steering
are already widely used in VR video games, it has been
pointed out that they have several difficulties. For example,
it is known that teleportation often causes disorientation [7],
while steering is also said to induce motion sickness [8].
Thus, new locomotion techniques have been actively studied
to address these issues and enhance user experiences [9]-
[11]. Thus, new locomotion techniques have been actively
studied to address these issues and enhance user experiences.
However, despite the fact that it is essential to consider both
subjective evaluations, such as user satisfaction and objective
evaluation, including effectiveness and efficiency to improve
user experience, most related works focus only on objective
evaluation. Even if they investigate subjective satisfaction,
they are limited to sample size. Without knowing the issues
(i.e. which effects of locomotion techniques are negatively
perceived) facing users and their needs (i.e. requirements for
a locomotion technique) when they play VR video games, it
remains unclear whether a technique is suitable for locomotion
in VR video games.

To narrow this research gap, we investigate a wide range of
aspects of user needs regarding locomotion techniques in VR
video games using subjective measurements, including semi-
structured interviews and a large-scale questionnaire survey
constructed based on the result of the preceding interviews.
This research aims to find issues and user needs for locomotion
techniques of VR video games in more practical situations
through interviews and a questionnaire survey to contribute
future VR video game developments and research.

Note that our study exclusively focuses on VR video
games played on a VR headset, rather than video games in
general or VR applications in general, because user needs
and issues differ by context. For instance, unlike traditional
non-VR video games, the view of VR video game players is
completely encompassed by the game world. Also, educational
or industrial applications are often used in professional settings
for non-game VR applications. The size of physical space or
acceptable cost for equipment is different, and it can affect the
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entire user experience, including locomotion.

To understand issues of locomotion techniques in existing
VR games and the need of locomotion techniques that users
want from future VR games, we pose the following research
questions:

RQI1. What needs do users have for VR game locomotion
techniques?

Which issues do users feel in existing locomotion tech-
niques?

How do the postures that users adopt while playing VR
video games affect user needs of locomotion techniques?
And what issues do these postures have?

Do the answers to the above research questions vary
depending on user’s experience in VR and VR video
games?

RQ2.

RQ3.

RQ4.

By examining RQ1, we try to reveal user needs of locomotion
techniques in VR video games and contribute to the future
works, such as research on new locomotion techniques or
development of VR video games. At the same time, it is
essential to explore issues related to locomotion techniques
already used in VR video games to shed light on the fu-
ture direction of research on locomotion techniques. Thus,
we examine RQ2 to investigate how existing techniques are
evaluated in practice. VR video games deviate from traditional
video games in that VR games are often played in two
different postures: standing and sitting. Thus, we investigate
RQ3 to know about postures; standing and sitting. We also
investigate intrinsic issues related to postures to contribute to
future research about user experience in VR. While researches
regarding RQ2 [12], [13] or RQ3 [14], [15] in the VR video
game context have been conducted, all of these conducted
experiments where participants played specific titles under
controlled conditions. On the other hand, in this study, we
surveyed users’ experiences with a broader range of titles in
actual environments. Furthermore, we hypothesized that user
needs and issues may vary based on the experience with VR
and VR video games. Thus, we set RQ4.

To answer these RQs, we conducted 16 semi-structured
interviews and a questionnaire survey of 88 participants. We
gathered needs and issues related to locomotion in VR video
games, as well as postures adopted during VR gameplay
through semi-structured interviews, created a questionnaire
based on the results of interviews, and conducted a survey
about these needs and issues.

II. RELATED WORK

Many locomotion techniques for VR have been presented
and studied so far. First, this section briefly reviews previous
research in VR locomotion techniques, such as natural walk-
ing, teleportation, and steering. Then, we introduce prior work
about VR locomotion evaluation methods and surveys.

A. VR locomotion techniques

1) Natural Walking: While it is known that physically
walking in the real world is an outstanding way to navigate
a virtual world [16]-[19], such techniques impose limitations
on the size of the virtual world. In order to overcome this

limitation, a method called Redirected Walking (RDW) has
been proposed as shown in the work by Li et al. and Fan et
al. [20], [21]. This technique manipulates the virtual space
so slightly not to be recognized by a user, and then the
user will be guided toward the center of the tracking space
unconsciously and can keep walking infinitely, while the user
feels like walking on the virtual world freely [22].

For instance, Matsumoto et al. [23] proposed the RDW
method, which utilizes visuo-haptic feedback. In this method,
users put their hands on a curved wall and walk along the wall
while seeing a straight wall in the virtual world. The system
rotates the virtual world to compensate for the difference
between the real and virtual walls, so users can keep walking
the virtual world infinitely while walking in a circle in the
real world. Sun et al. [24] proposed the RDW method which
utilizes saccadic suppression for a room scale physical space
with obstacles, including dynamic ones. But even though these
techniques enable users to walk in a larger virtual world with
a smaller physical space, they still require a certain size of the
physical space.

Using treadmills has been proposed as a method that enable
users to explore a virtual world on foot without moving around
a physical space. Souman et al. [25] developed the omnidirec-
tional treadmill (ODT) which aims to enable a user to walk as
naturally as s/he does in the real world. ODTs like this have
been evolving [26], [27] and a method that combines RDW and
an ODT was also proposed [28]. However, these treadmills,
including ones commercially available, are too expensive and
bulky to use in general households. In addition, the locomotion
methods that require physical walking, like RDW or ODT are
not available for people with motor disability.

2) Teleportation: Many VR video games provide not only
natural walking, but also alternative locomotion methods for
exploring a virtual world. One of the most used locomotion
techniques is teleportation [29]. In this method, a user points
where s/he wants to go, then the method instantaneously
moves the user to the destination. The idea of using the telepor-
tation for exploring a virtual environment has already existed
in immersive virtual environments [30]-[32] like CAVE [33].

In VR with HMDs, Bozgeyikli et al. [34] proposed “Point
& Teleport”, which teleports a user to where s/he points. The
original “Point & Teleport” tracks a user’s hand to detect
where s/he is pointing, and the teleportation is triggered by
pointing the same place for a certain amount of time. Recently,
controller-based ‘“Point & Teleport” is often regarded as the
most basic teleportation [9], [35]-[38]. This variant uses VR
controllers, such as Oculus Touch or HTC Vive Controller, to
detect where a user pointing, and the teleportation is triggered
by pushing a button or pulling a trigger on a controller. A lot
of locomotion techniques have been proposed based on “Point
& Teleport”. For example, the original “Point & Teleport”
has the weak point that a user has to teleport a couple of
times to detour an obstacle. To address this, Funk et al.
[39] proposed methods which utilize a curved trajectory for
pointing the destination and manipulating the orientation after
the teleportation. In this study, they confirmed that need for
correcting the orientation after the teleportation was decreased
by their proposed methods. Miiller et al. [10] also proposed a
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method derived from ‘“Point & Teleport” called “UndoPort”.
This method has an additional functionality which allows
users to return to where they were before the teleport. They
confirmed that this functionality enhance users’ exploration
efficiency.

Furthermore, locomotion techniques which use the telepor-
tation in a different manner from “Point & Teleport” have
been proposed. Liu et al. [40] combined the teleportation and
RDW in order to encourage users to use a tracking space
more effectively and walk more. They named the method
“Redirected Teleportation”, and confirmed its efficacy. Another
example is a locomotion technique which utilizes “World
in Miniature” (WIM) [41], a miniature representation of the
virtual world. Pausch et al. [42] proposed a method where a
user deploys a doll representing the user on the miniature, then
the user goes into the doll and teleports to the destination.
Truman et al. [43] proposed a WIM locomotion method
integrated with recent research progresses and implemented
it on a modern VR setup.

Teleportation is not only for research, but it has already been
adopted in many video games, such as Robo Recall (2017) [44]
or Half-Life: Alyx (2020) [4].

3) Steering: Another one of the most used locomotion
techniques is steering [6], [45]. Like teleportation, this tech-
nique has been already used in immersive virtual environments
[46]. It is also a commonly used technique for non-VR video
games. Steering uses joysticks [47]-[49], touchpads [50], or
a keyboard [49], [51] as an input device and moves a user
continuously towards the direction pointed by the device.
Unlike teleportation, this technique has a maximum speed
limitation. Prior studies used velocities that were close to
human walking or running speed, such as 1.4m/s [51] or Sm/s
[52].

Also, a lot of variants of steering which use a user’s body as
the input instead of external controllers have been proposed.
Hashemian et al. [53] proposed leaning-based steering meth-
ods, and confirmed that they can mitigate motion sickness
compared with joystick-based steering. Pai et al. [54] proposed
a locomotion technique, “ArmSwing”, which activates steering
locomotion by swinging arms. It was compared with walking-
in-place method, and its effectiveness was confirmed in various
aspects. The study by Thinh et al. [55] suggested that these
techniques are equally effective as natural walking. Another
merit of this kind of locomotion techniques is that users can
use their hands for other purposes like shooting guns [13].

In addition, integrating the “field-of-view (FOV) restriction”
[56] technique has been actively studied, which restricts a
user’s FOV while moving into steering to mitigate motion
sickness. Teixeira et al. [57] used a commercially available
video game and confirmed that a FOV restriction is effective
in mitigating motion sickness. In a normal FOV restriction,
user’s peripheral vision is filled in black, but Lugrin et al. [58]
proposed a method which utilizes a portal and drone-metaphor
instead of filling the peripheral vision in black. Atkins el al.
[59] also proposed a method which integrates FOV restriction
with a portal into joystick-based steering.

Along with teleportation, steering has already been adopted
in many video games, such as Resident Evil 4 (2021) [60] or

Myst (2021) [61].

B. User Studies of VR Experience

1) Characteristics of Locomotion Techniques: To investi-
gate characteristics of each locomotion technique, numerous
comparative studies have been conducted [62]. These studies
have investigated various aspects of locomotion techniques,
such as performance [63]-[66], sense of direction [67]-[69],
motion sickness [63], [65], [66], [69], immersion [63], [65],
[66], [70], or usability [63]-[66]. Boletsis [71] proposed a
metric specialized for evaluating locomotion techniques in VR
by merging System Usability Scale (SUS) [72] and Game Ex-
perience Questionnaire (GEQ) [73]. However, VR is used for
broad purposes [12], [74], [75], and demanded characteristics
of locomotion techniques should vary depending on the use
case. In addition, to investigate whether a locomotion tech-
nique is suitable for a certain context, not only characteristics
of the technique, but also demanded characteristics for the
specified context must be known. Nevertheless, we could not
find a research which investigated demanded characteristics
for VR video games, so we decided to conduct this survey.

Moreover, each comparison study reports slightly different
results. For example, Clifton et al. [12] compared teleportation
and steering in motion sickness and immersion aspects using
a commercially available video game. They confirmed that
steering produces more motion sickness than teleportation,
while the latter also produces some motion sickness, and steer-
ing can produce better presence than teleportation. Habgood
et al. [52] also reported that steering produces more motion
sickness than teleportation. On the contrary, Bozgeyikli et
al. [65] reported there was no significant difference between
teleportation and steering in motion sickness. Also, regarding
immersion, teleportation got a higher score than steering in
their study. They also reported that the task completion time
of teleportation is as long as or longer than steering, depending
on the task condition. Drogemuller et al. [76] also reported that
teleportation is slower and causes more disorientation than
steering in a task of 3D graph exploration. However, in the
study by Buttussi et al. [63], teleportation was much faster than
other techniques including steering. The study environments
used by Bozgeykli et al. and Buttussi et al. are similar; both
involve moderate sized fields containing a certain amount of
obstacles. Therefore, it is still unknown which technique is
suitable for the video game context, and it is also worthwhile
to study them from a different approach than prior studies.

One of reasons of this inconsistency is that these studies
used different tasks for their user studies. Thus, Cannavo
et al. [77] proposed the testbed for evaluating locomotion
techniques in various situations. In this study, we focused
on assessing actual VR gameplay to evaluate them in more
practical situations. However, it’s difficult to engage in a
general discussion using the objective results of a specific title.
Thus, we opted for subjective assessments targeting people
with experience in VR video games.

2) Postures: The postures also have some impact on VR
experiences and gameplay. Merhi et al. [78] conducted exper-
iments in which users played video games through a HMD
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while standing or sitting and they compared motion sickness
across these two postures. The result showed that standing
users were more prone to getting motion sickness. Hu et
al. [79] conducted experiments in which participants rated
qualities of 360° VR videos while standing or sitting. As a
result, they confirmed that sitting users could rate qualities
more accurately and with more confidence, while standing
users experienced higher emotional arousal. As for the sense of
direction, Coomer et al. [80] tested participants to determine
how precisely they could remember the positions of objects
in a virtual environment while standing and sitting. However,
they found no significant difference between the two postures.
Koeshandika et al. [14] studied the usability and task per-
formance of three commercially available VR applications,
including VR video games, in three different postures: stand-
ing, sitting, and supine. Consequently, they confirmed that
postures do not have any significant impact on performance
if video games do not require frequent locomotion in virtual
environments. Regarding the supine posture, Thomas et al.
[15] also investigated the user experience of playing VR video
games in this posture. They found that some movements, such
as leaning or crouching, took more effort when in the laying-
down posture. In a VR medical training study, Shewaga et al.
[81] compared “seated” condition and “room-scale” condition,
which utilizes more larger physical space than “seated” con-
dition. They found that “room-scale” condition could provide
better results, such as higher immersion and shorter task
completion time. On the other hand, Tehreem et al. [82] could
not find any significant difference between the seated posture
and standing posture in VR chemical experiment training.

Among studies about postures, the most relevant one to
our study is a study conducted by Zielasko et al [83]. They
listed some aspects of VR experiences affected by postures and
degree of embodiment, such as motion sickness or locomotion
precision [84], and they discussed these aspects with other VR
researchers. Then, they conducted an online survey targeting
experienced VR users, researchers, and practitioners. As a
result, they reported how postures and degree of embodiment
have an impact to these aspects. They also discussed about this
topic in another paper [85] and proposed a couple of guidelines
and future work directions. One of the differences between
their study [83] and ours is the focus; we are specifically
investigating video games, whereas they considered overall
VR experiences. Also, our participants include many less
experienced individuals, so we expect that our results can
reflect a broader range of opinions from typical VR users
rather than just those of professionals.

As we have seen so far, while studies related to postures
of VR users have been conducted, we could find only a few
investigations which focused on postures within the context
of VR video games [14], [15]. However, we hypothesized
that postures also have an impact on gameplay and user
needs for locomotion techniques. Therefore, we also decided
to investigate issues related to postures that users specifically
experienced while playing VR video games.

C. Locomotion in VR Video Games

The locomotion techniques in VR video games and those
that are designed for gaming in general have also been actively
studied. Guidelines for locomotion techniques exist to ensure
a positive user experience. For example, a technique should
not induce motion sickness and should be easy to learn. These
characteristics are important in a gaming context as well, but
we believe there are unique demands in this context that extend
beyond locomotion in general.

In a gaming context, end users often pick up or manipulate
objects while moving. Griffin et al. [13] compared hands-free
locomotion techniques and hands-busy locomotion techniques
(i.e., controller-based techniques) using a VR shooter game
task. They conducted an experiment in which participants
played a VR shooter game using hands-free techniques and
hands-busy ones. Results showed no difference in task per-
formance between these two groups, even though they had
initially expected the former to outperform the latter in situa-
tions requiring both locomotion and item collection.

Also, unlike a surgical simulator or virtual city design,
VR video games often require a wide range of distances for
locomotion. Zhao et al. [86] proposed “TeleSteer”’, which is
a combination of teleportation and steering. This technique
allows users to switch teleportation and steering anytime they
want. Zhao et al. proposed it as a versatile technique effective
in various situations, including gaming.

Cmentowski et al. [87] proposed a unique locomotion
technique called “Outstanding”, specifically for gaming. When
a user moves using this technique, their viewpoint rises high
above their avatar. They can point to where they want to go
while looking down at their avatar, and if they point to the
destination, the avatar moves there. Once the avatar reaches
the destination, the user’s viewpoint returns to the avatar.
Cmentowski et al. confirmed that their proposed technique can
improve spatial awareness and mitigate VR sickness without
impairing presence. On the other hand, they also reported that
their technique can reduce immersion in the avatar and impose
some limitations on the level design. Although this is not
a problem in non-entertainment applications, if a VR video
game player could freely see the entire level, it would spoil
and disrupt the gaming experience. Additionally, the sense of
unity between the player and their avatar is very important for
narrative games, like Déraciné.

Even though a gaming contexts have unique requirements
for locomotion, to the best of our knowledge, little research
focuses on this specific class of techniques. Of course, while
VR video game industry has been evolving and best practices
[88] have been established, we believe it is essential to study
the requirements and issues that players currently experience
to enhance future research and development of VR video
games.

III. SEMI-STRUCTURED INTERVIEW

A. Overview of the Survey

We first conducted semi-structured interviews with a small
group of individuals to gain a preliminary understanding of

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/



This article has been accepted for publication in IEEE Transactions on Games. This is the author's version which has not been fully edited and
content may change prior to final publication. Citation information: DOI 10.1109/TG.2024.3498325

JOURNAL OF KX CLASS FILES, VOL. 14, NO. 8, AUGUST 2021

issues and user needs. Subsequently, we created a question-
naire based on the results of these interviews and collected
responses from a larger number of people to investigate issues
and user needs more precisely. This kind of two-phase survey
was already adopted in similar research in other fields [89].
Therefore, we also decided to use this approach.

Both of the interviews and the questionnaire were approved
by our university’s ethical review committee and were con-
ducted with the participants’ informed consent. All participants
were informed that they could withdraw their consent and
decline the use of their results.

B. Target Scene for the Survey

The locomotion scenes targeted in this study are those that
do not have a significant impact on the main gameplay. For
example, locomotion in most scenes of visual novels or puzzle
games, such as Déraciné (2020) [90], Myst, or A Fisherman’s
Tale (2019) [91], falls within to our research scope. However, a
combat scene in a shooter game does not fall into our research
scope, whereas a scene in which a user explores a field while
collecting items does.

The reason why we are targeting these scenes is because the
scenes with a significant impact on the main gameplay often
include some aspects unique to a specific title, so it is difficult
to discuss issues or user needs in such scenes for a wide
range of games. In addition, several studies focused on scenes
involving the main gameplay [46], [92], but most studies
about locomotion techniques used a one-size-fits-all scene
[87]1, [93], [94]. Hence, we selected these scenes to enable
comparison of the results of our study with these locomotion
studies. To describe our target locomotion to participants, we
prepared a couple of YouTube videos of locomotion that we
are targetting' 24 and those that we are not>°.

C. Methods

1) Participants: We gathered 16 interviewees. All of them
are males in their twenties. Ten of them are our lab members,
four are another university’s lab members, and two are working
adults. Some students have been using VR for their research,
but none of working adults were involved in the video game
industry or the VR industry.

2) Procedure: The interviews were conducted through ei-
ther face-to-face meetings or online calls. Most interviews
lasted about 30 minutes, with the longest one lasting about
90 minutes. Firstly, we explained to the participants the study
purpose at the beginning of their interview. Next, we explained
our research target locomotion scene in VR games using a web
page that contains the definition of targeted locomotion and
YouTube videos of VR video games, which we mentioned
earlier. Although we explained the definition of locomotion
which we are targeting, we asked interviewees not to limit

Uhttps://www.youtube.com/embed/Rqo-0Z4kB2w?start=18753&end=18792
Zhttps://www.youtube.com/embed/L-qtmSTH3nM?start=242&end=259
3https://www.youtube.com/embed/LTLotwKpLgk ?start=103&end=126
“https://www.youtube.com/embed/rmMAGpO6hc8?start=130&end=167
Shttps://www.youtube.com/embed/r2W4yaQQhkQ?start=1584&end=1601
Shttps://www.youtube.com/embed/qs Wn9ttdgbA ?start=2760&end=2783

their responses to this definition. It was because we wanted to
gather as many opinions as we could, and we thought that we
could filter out irrelevant ones later.

In the first question, we inquired about experience with non-
VR video games, and asked them to recall the positive and
negative aspects of locomotion in non-VR video games. After
that, we asked some questions about VR. We inquired about
experiences with VR itself and VR video games, including
which locomotion techniques are used in these games, and
positive and negative aspects of locomotion in these games.
Also, we inquired about postures they took while playing. We
asked whether they were standing or sitting while playing
each game, and inquired about advantages and challenges
associated with these two postures. Finally, we asked the
interviewees to mention as many aspects as possible that
they thought were important for locomotion techniques in VR
video games. If an interviewee mentioned unfamiliar aspects,
we asked follow-up questions about them. When all of the
questions were finished, if the interviewee had any topics they
wanted to share or any questions they wanted to ask from the
interviewer, the interviewer addressed them.

D. Results

After finishing all the interviews, we extracted information
from notes taken during interviews and recordings of inter-
views to formulate questions for the questionnaire.

First, we checked the interviews about the non-VR video
games and locomotion in these video games, we could not
find anything regarding the main scope of this survey, so we
decided not to include themes about non-VR video games in
the questionnaire.

Next, we listed locomotion techniques which interviewees
have used from their responses. While listing, we omitted
locomotion techniques used in scenes outside our research
scope. Most interviewees have responded that they have used
teleportation and steering. Fourteen of the sixteen interviewees
have used teleportation, and ten have used steering. Some in-
terviewees reported using other techniques different from both
teleportation and steering. One respondent reported piloting a
combat plane in ACE COMBAT 7: SKIES UNKNOWN (2019)
[95]. Another interviewee reported playing a video game
while physically walking on his own feet in an amusement
facility. Three interviewees have used special devices, such
as a treadmill, for locomotion in games. However, only a
minority of interviewees have used these techniques, so we
decided to inquire only about teleportation and steering, which
many respondents are expected to have experiences with.
In addition, these two are often used for baselines when
comparing locomotion techniques [63], [87], [92].

Then, we extracted issues and user needs from responses.
During the extraction process, we comprehended issues not
only as issues, but also as user needs. It is because we thought
that users are likely to have needs which are in line with
the issues they mentioned. As a result, we found five issues
listed in Table I from responses. They were extracted from
responses regarding various locomotion techniques. However,
in a questionnaire, we inquired about all of these issues
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TABLE I
LOCOMOTION TECHNIQUE ISSUES AND NEEDS MENTIONED IN
INTERVIEWS (N = 16).

No.  Found Issues Count
Il Causing motion sickness 9
12 Compromising immersion 5
13 Difficult to use 3
14 Losing the sense of direction 3
5 Hard to move precisely 3
No. Found User Needs Count
N1 Not causing motion sickness 13
N2 Not lowering immersion 12
N3 Easy to use 9
N4  Fun to use 10
N5 Not losing your sense of direction 4
N6  Ability to move precisely 7
N7  Ability to move hands freely while moving around 2

“Count” means the number of interviewees who mentioned an issue.

TABLE II
POSTURE ISSUES MENTIONED IN INTERVIEWS (NN = 16).

No. Found Issues Count
PI1  Annoyed by cables 8
PI2  Physically tired 9
PI3  Limited body movements 9
PI4  Causing motion sickness 2
PIS  Low immersion 8
PI6  Trouble clearing play space 2
PI7  Bumping into objects in the environment 5
PI8  Stumbling 1

for both of teleportation and steering to compare the results
between the techniques. Also, as mentioned above, these five
issues are also user needs, such as “Not causing motion
sickness” or “Easy to use”. In addition to them, we found
there were two more user needs, “Fun to use” and “Ability
to move hands freely while moving around”. Every user need
and the number of respondents who mentioned each need are
shown in I. Therefore, we inquired about these five issues and
seven user needs in the questionnaire. We also extracted issues
regarding postures from responses. We identified eight issues
listed in Table II. Along with issues of locomotion techniques,
issues related to standing and ones with sitting are mixed here.

IV. QUESTIONNAIRE

Following the semi-structured interviews, we proceeded
with a questionnaire to quantitatively analyze locomotion
techniques issues and user needs in VR video games.

A. Methods

1) Participants: We restricted participants to people who
have experience playing VR video games. The anonymous
online survey was distributed to VR research laboratories, VR
researchers’ communities, and VR companies using Microsoft
Forms. Note that some of the participants of the interviews also
responded to the questionnaire.

We gathered 100 participants but excluded 12 due to invalid
data. The Eighty-eight valid participants consisted of 79 males
and nine females. The age distribution of participants was

as follows; six participants were in their teens, fifty nine
participants were in their twenties, fourteen participants were
in their thirties, eight participants were in their forties, and
one participant was in their fifties.

We also inquired about the frequency of Using VR, applica-
tion experience, and posture experience, for data analysis. With
regard to the frequency of Using VR, we divided respondents
into beginners and experienced users based on their answers
to “Frequency of playing VR video games”. No respondents
have answered “Never” to this question, and we can get 44
beginners and 44 experienced users by dividing respondents
by whether they play VR video games that include locomotion
more than a few times a month or not. We used this category
for data analysis.

Regarding the application experience about teleportation
and steering, 68 participants (77.27%) had used teleportation,
and 75 participants (85.22%) had used steering, of which 59
participants had experience using both interfaces.

As for the posture, 82 participants (93.18%) have played VR
video games while standing, and 76 participants (86.36%) have
played while sitting, of which 70 participants have experience
using both postures.

2) Procedure: At the beginning of the questionnaire, we
shared a URL to a web page which is similar to the one
we used in the interviews and asked the participants to see
the page before responding to the questionnaire. In addition,
because there are some questions regarding teleportation and
steering in a questionnaire, we also put explanation of these
locomotion techniques and YouTube videos as examples.

The survey comprises twenty-eight questions (see Ap-
pendix), grouped into five categories.

A. Demographic information

B. Experience with VR equipment and VR video games

C. Experience, level of satisfaction, and issues of certain

locomotion techniques

D. Experience, issues, and user needs for locomotion tech-

niques while in certain postures

E. Preferred posture
Questions in category C are for RQ2, and ones in categories
D and E are for RQ1 and RQ3. Regarding investigation for
RQ1, we hypothesized that user needs may vary depending on
posture. Therefore, we decided to ask the same question about
user needs for each posture. Also, we divided respondents into
beginners and experienced users based on their answers to
questions in category B for RQ4. In the questions related to
issues, we included an option for “No problem” into issues
acquired from the interview results.

3) Data Analysis: All the data analyses were carried out
using IBM SPSS version 29.0.0.0. In order to investigate RQ2,
we counted the number of responses in which they felt issues
and not felt issues (Q11 and 15) for 59 participants who had
experience using both interfaces and investigated whether the
numbers of responses significantly differed in each category of
issues between teleportation and steering using the MacNemar
test. Also, we investigated differences between beginners and
experienced users for each issue in teleportation and steering
using the chi-square tests to answer RQ4. Furthermore, we
investigated whether there was a significant difference in
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TABLE III
THE NUMBERS OF RESPONDENTS AND THEIR RATINGS FOR EACH LOCOMOTION TECHNIQUE AND EXPERIENCE LEVEL (Q11. 15).

11 12 13 14 15 No Problem

Beginner 4 (12.90%) 17 (54.84%) 9 (29.03%) 15 (48.39%) 9 (29.03%) 3 ( 9.68%)

Teleportation ~ Experienced 4 (10.81%) 25 (67.57%) 11 (29.73%) 17 (45.95%) 19 (51.35%) 0 ( 0.00%)
Total 8 (11.76%) 42 (61.76%)  20( 29.41%) 32 (47.06%) 28 (41.18%) 3( 4.41%)

Beginner 22 (64.71%) 8 (23.53%) 7 (20.59%) 5 (14.71%) 5 (14.71%) 3 ( 8.82%)

Steering Experienced 21 (51.22%) 6 (14.63%) 2 ( 4.88%) 4 ( 9.76%) 9 (21.95%) 12 (29.27%)
Total 43 (57.33%) 14 (18.67%) 9 (12.00%) 9 (12.00%) 14 (18.67%) 15 (20.00%)

I1: Causing Motion Sickness, 12: Compromising Immersion, I3: Difficult to Use, I4: Losing Sense of Direction, I5: Hard to Move Precisely

satisfaction (Q10 and 14) between teleportation and steering
and whether there were any significant differences between
beginners and experienced users for each technique using
the Wilcoxon signed-rank test and the Mann-Whitney tests,
respectively.

To answer RQ3, we inquired about issues related to postures
while playing VR video games (Q18 and 23). First, we
conducted McNemar tests to investigate whether there is a
significant difference between standing and sitting for each
issue. Then, we examine whether there were any significant
differences in issues between beginners and experienced users
for each posture using the chi-square tests to answer RQ4.

To answer RQ1, we asked respondents to rate user needs in
a specific posture using a six-grade scale for both standing and
sitting and examine whether there were significant differences
in user needs across standing and sitting postures using the
Wilcoxon signed rank. We also examined whether there were
significant differences in user needs between beginners and
experienced users for each posture using the chi-square tests
to answer RQ4. Furthermore, we conducted Friedman tests
to investigate if there were any significant differences among
scores of user needs for each posture.

B. Results

1) Issues Related to Locomotion Techniques: The result of
multiple-choice questions about issues with each locomotion
technique is shown in Table III.As a result of the McNemar
test, regarding “Causing motion sickness” (p < .001) and “No
problem”(p < .05), there were more people who experienced
them while using steering than those who experienced them
while using teleportation. For all other four issues, telepor-
tation was perceived as more problematic (“Compromising
immersion” and “Losing the sense of direction” (p < .001),
“Difficult to use” and “Hard to move precisely” (p < .05)).

In addition to these five issues, we also included an “Others”
option where respondents could freely provide their opinions
about issues related to each technique. For teleportation, four
respondents provided responses to this option, and two of
them mentioned that teleportation is tiresome. Similar to tele-
portation, four respondents provided responses to this option
for steering. All of them provided different opinions. For
example, exploring a large map with steering is time con-
suming compared to using teleportation. Another respondent
mentioned that steering feels strange because different games
have different speed and acceleration.

Bl Strongly Disagree mmm Slightly Disagree mmE Agree
@9% Disagree === Slightly Agree mEmE Strongly Agree
Teleportaton LSRR 4RSS 25 24 18]
Steering RS 7] 2 %3] 8
0 20 40 60 80 100 [%]

Fig. 1. Distributions of satisfaction scores (Q10 and 14) for teleportation
(N = 68) and steering (N = 75).
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Fig. 2. Distributions of satisfaction scores (Q10 and 14) of teleportation for
beginners (N = 31) and experienced users (N = 37).

2) Issues of Locomotion Techniques Between Beginners and
Experienced Users: Table III shows the entire distribution
of responses to issues regarding locomotion techniques. As a
result of the chi-square tests, we could not find any significant
differences between beginners and experienced users for each
issue in teleportation. On the other hand, in steering, more
beginners answered that steering is difficult, while more expe-
rienceds users answered that there is no problem in steering
(“Difficult to use” (x? = 4.344, p < .05) and “No problem”
(x* = 4.856, p < .05).)

3) Satisfaction Scores of Locomotion Techniques: Figure
1 shows distributions of satisfaction scores for teleportation
and steering. We conducted the Wilcoxon signed-rank test
and found that steering received a higher satisfaction score
(p < .001).

Figure 2 and Figure 3 display satisfaction score distributions
for teleportation and steering among both beginners and ex-
perienced users. As a result of the Mann-Whitney U tests,
we could not find a significant difference for teleportation
(p = .210), but for steering, experienced users have signifi-
cantly higher satisfaction than beginners (p < .001).

4) Issues Related to Postures: Figure 4 shows the number
of respondents who have experienced each issue in a certain
posture. The results of McNemar tests showed that there
were significant differences for all the issues, including “No
problem”. The issues which more respondents have experi-
enced while standing compared to sitting are “Annoyed by
cables” (p < .001), “Physically tired” (p < .001), “Trouble
clearing play space” (p < .001), “Bumping into objects in
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Fig. 3. Distributions of satisfaction scores (Q10 and 14) of steering for
beginners (IN = 34) and experienced users (N = 41).

the environment” (p < .001), and “Stumbling” (p < .001).
The issues which more respondents have experienced while
sitting compared to standing are “Limited body movements”
(p < .001), “Causing motion sickness” (p < .05), “Low im-
mersion” (p < .001), and “No problem” (p < .05). Similar to
issues related to teleportation and steering, we also included
“Others” option here. For standing, three participants provided
their opinions on this option. All of them mentioned that they
lose themselves in the real world rather than virtual worlds.
Regarding sitting, three participants provided varying opinions
on this option. One mentioned that he loses his sense of
direction in the real world. Another one mentioned that certain
body movements are difficult, such as crouching or rotating
his body. The last one mentioned that he experiences lower
back pain.

Furthermore, we also conducted the chi-square tests to
examine whether there were any significant differences in
issues between beginners and experienced users for each
posture. However, we could not find any significant differences
for either of the postures.

5) Preference of Postures: Regarding the preference for
postures, we first inquired about whether respondents have
played VR video games which are available for both standing
and sitting. We inquired respondents who answered “Yes” to
this question which posture they mainly took while playing
such games. The preferences of posture given from par-
ticipants who answered “Yes” to the previous question are
distributed as shown in Figure 5. The result shows that sitting
is preferable to standing.

We also inquired about the reason for their preference
through an open-ended question. 7 out of 15 respondents who
answered “Mostly Standing” or “Always Standing” mentioned
higher immersion as the reason for their preference. Four
respondents mentioned that they suffered from motion sickness
less while standing. In addition, three respondents cited having
fun and three being able to move their bodies freely as reasons.
Meanwhile, 13 out of 20 respondents who answered “Mostly
Sitting” or “Always Sitting” mentioned that a sitting posture is
less tiring than a standing posture. Although only 1 respondent
cited higher immersion as the reason, all other respondents
also provided more practical reasons, such as the ease of
securing the play space.

6) User Needs between Postures: Figure 6 shows the aver-
age scores of user needs for each posture. The results of the
Wilcoxon signed-rank test show that standing had significantly
higher average scores than sitting (“Not lowering immersion”
1 p < .001, “Fun to use” : p < .001, “Not losing your sense
of direction” : p < .05, “Ability to move precisely” : p < .05,
and “Ability to move hands freely while moving around” :

p < .05.)

Table IV shows the average scores of each user need
between beginners and experienced users. Regarding standing,
there was only one user need with a significant difference,
which is “Not losing your sense of direction” (p < .05).
The average score for beginners was higher than that for
experienced respondents. Regarding sitting, there was also
only one user need with a significant difference, which is
“Ability to move hands freely while moving around” (p < .05).
The average score for experienced respondents was higher than
that for beginners.

7) Comparison among User Needs: We found significant
differences in scores of user needs for both standing (p < .001)
and sitting (p < .001). Therefore, we consecutively conducted
multiple comparisons with Bonferroni correction to identify
which pairs of user needs had a significant difference between
them. Regarding standing, we found significant differences be-
tween “Not lowering immersion” and “Fun to use” (p < .001),
as well as between “Not lowering immersion” and “Not losing
your sense of direction” (p < .05). “Not lowering immersion”
had a higher average score in both pairs. Regarding sitting, we
found significant differences between “Fun to use” and three
user needs, which are “Not lowering immersion” (p < .05),
“Not causing motion sickness” (p < .05), and “Easy to use”
(p <.001), as well as between “Easy to use” and two
user needs, which are “Not losing your sense of direction”
(p < .05) and “Ability to move hands freely while moving
around” (p < .05). Among these user needs, “Easy to use”
has the highest average score and “Fun to use” has the lowest
average score.

8) User Comments: At the end of questionnaire, we pre-
pared a form where respondents could write their opinions
freely. Three respondents answered that they also played video
games in a lying-down posture. Even though there have been
some studies [14], [15], [96] about VR experiences in a
lying-down posture, most of commercially available VR video
games are designed only for standing and sitting postures.
Offering the option to play in a lying-down posture might
be necessary to further popularize VR video games.

V. DISCUSSION
A. User Needs

Figure 6 shows that there are two needs that exhibit
significant differences between the results of standing users
and sitting users; “Not lowering immersion” and “Fun to
use”. While these two needs are related to entertainment,
these differences suggest that standing users and sitting users
have different demands regarding the entertainment aspects
of locomotion techniques. In Section IV-B6, “Not lowering
immersion” was significantly highly demanded by standing
users compared to “Not losing your sense of direction” and
“Fun to use”. The fact that immersion is much more demanded
than “Fun to use” suggests that standing users prioritize
specific aspects of entertainment, particularly immersion. For
sitting, “Easy to use” has the highest average and “Fun to
use” has the lowest average. This difference suggests that
sitting users prioritize practicality over entertainment. Looking
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Fig. 4. The number of respondents who have experienced each issue (Q18 and 23) in standing posture (N = 82) and sitting posture (N = 76). The numbers
of respondents who have experienced “Stumbling” while sitting and “No problem” while standing are 0.

TABLE IV
THE AVERAGE SCORES OF USER NEEDS AND THEIR STANDARD DEVIATIONS FOR EACH POSTURE AND EXPERIENCE LEVEL (Q19, 24). THE NUMBERS IN
PARENTHESES REPRESENT STANDARD DEVIATIONS. PAIRS HIGHLIGHTED IN BOLD (STANDING N5 AND SITTING N7) SHOW SIGNIFICANT DIFFERENCES
BETWEEN BEGINNERS AND EXPERIENCED USERS.

N1 N2 N3 N4 N5 N6 N7
Standin Beginner 439 (1.61) 4.80(1.10) 4.61 (0.89) 4.17 (1.22) 4.56 (1.05) 4.37 (1.09) 4.46 (1.25)
e Experienced  4.39 (1.58) 5.17 (1.09) 4.85 (1.11)  4.29 (1.25) 3.93 (1.40) 4.73 (1.23) 4.68 (1.29)
Sittin Beginner 431 (1.68) 4.11 (1.43) 4.63 (1.11) 326 (1.34) 397 (1.10) 391 (1.38) 3.66 (1.37)
& Experienced  4.10 (1.53) 4.27 (1.50) 4.66 (1.26) 3.61 (1.36)  3.95 (1.30) 4.37 (1.30) 4.39 (1.34)

NI1: Not causing motion sickness, N2: Not lowering immersion, N3: Easy to use, N4: Fun to use,
NS5: Not losing your sense of direction, N6: Ability to move precisely, N7: Ability to move hands freely while moving around
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Fig. 5. Distributions of preference of posture (Q27) (N = 45).

at prior research, immersion has been treated differently. For
example, while the study by Cmentowski et al. [87] and the
one by Griffin et al. [13] are dealing with standing video
game context, the former surveyed the immersion aspect of
techniques using the iGroup Presence Questionnaire, whereas
the latter used only a single Likert scale to rate presence.
Our result suggests that if a study is targeting the standing
gaming context, the immersion aspect is important and worth
surveying thoroughly. As Figure 4 suggests, standing users
are feeling a higher level of immersion than sitting users,
whereas sitting users are less likely to feel tired compared
to standing users. Therefore, differences in user needs across
postures may reflect the preference for different postures, such
as choosing standing when seeking immersion in video games
and opting for sitting during extended game play. If so, it is
recommended to avoid adopting locomotion techniques based
on body movements, such as arm swinging or foot steps, for
games played in sitting. Considering these differences will be
important for future research in VR video game locomotion.

This work is licensed under a Creative Commons Attribution 4.0 Licen

For example, if one technique is immersive but easily disrupts
player’s sense of direction, the down side of the technique
could be acceptable when it is used in a standing position.
Additionally, when a technique is designed to be used in
a sitting position, the entertainment aspect of the technique
might not be a as important, even if the technique is for VR
video games.

There were also differences in needs caused by expertise for
both postures. For standing, the only user need which has a
significant difference between beginners and experienced users
is “Not losing your sense of direction”. Especially, beginners
in standing have higher average than experienced users in
standing and both beginners and experienced users in sitting
for this user need. This difference may arise because while
a chair works as a guide of the forward direction for sitting
users, standing users often lose track of the initial direction
they were facing. For sitting, the only user need which has a
significant difference between beginners and experienced users
is the one related to moving hands freely. This user need is
more strongly demanded by experienced users than beginners.
We hypothesized that it was because while standing users can
walk on their own foot, sitting users mostly rely on their
controllers for locomotion. When users do other tasks while
moving, this difference could present additional challenges for
sitting users. Therefore, we thought that experienced users who
have more demands to do other tasks while in motion would
demand the freedom to move their hands freely while moving.

se. For more information, see https://creativecommons.org/licenses/by/4.0/



This article has been accepted for publication in IEEE Transactions on Games. This is the author's version which has not been fully edited and
content may change prior to final publication. Citation information: DOI 10.1109/TG.2024.3498325

JOURNAL OF KX CLASS FILES, VOL. 14, NO. 8, AUGUST 2021

Not causing motion sickness

Not lowering immersion

Easy to use

950.9.9.9.9:9,9, 0°06°6°0 46006
Fun to use PRSI IORAIAR R AR RIARR

RRLZLIRRKLRIRRRRKRRLLARRRRRLRLRS

k%

%%

Not losing your sense of direction

1:9:9.9.9.9.9.9.9
RILSSK LSRR ISRSHISARISARRIRK ‘ "

Ability to move precisely

Ability to move hands freely X
while moving around

0020026220267 20%4%0%0:9:9:9:9:9:9:9:9:93¢ P 1y

e
PO e e v avavavavavavavs *

@S Sitting
Emm Standing

1 2 3

Fig. 6. The average scores of user needs for each posture (Q19 and 24)

B. Existing Locomotion Techniques

We confirmed that teleportation is more challenging for
usage and precise movement, while more people feel that
steering is “No problem”. Given that the control of steering
is quite similar to that of non-VR video games, it’s possible
that more people are familiar with steering. However, in the
semi-structured interviews, two interviewees, who frequently
play video games, mentioned problems in steering locomotion
in VR video games. One participant answered that it is
sometimes confusing which direction he moves when he tilts
a stick forward: either the direction he looks or the forward
of the playspace. Another participant, who often plays first-
person-shooter non-VR games, answered that it is annoying
that the moving direction unexpectedly changes when he looks
sideways even a little. Considering that both interviewees
frequently play video games, it is implied that players do not
necessarily expect steering locomotion in VR video games and
its counterpart in non-VR video games to behave identically.
We conducted a brief survey on this topic and found that Meta
[97] mentions it in their guidelines. However, we could not find
any researches specifically investigating this aspect. However,
we believe that it is impossible to address this issue solely
by defining the best approach for steering locomotion because
each player must have different preferenes. Meta recommends
implementing a couple of these approaches and allowing users
to switch between them.

Regarding satisfaction scores, We found a significant dif-
ference between teleportation and steering, with more people
rating a higher score for steering. While the rate of positive
responses for teleportation is about 40%, that for steering
is more than 70%. This aligns with the observation above
that teleportation is more problematic than steering in many
aspects. We guess it is because steering uses thumbsticks,
in the same way that traditional non-VR video games do.
Therefore, teleportation might be easier to use if it utilizes
thumsticks rather than pointing with the controller.

In Section IV-B2, we confirmed significant differences only
for “Difficult to use” and “No problem” in steering. More
beginners feel that steering is “Difficult to use”, while more
experienced users perceive steering to be “No problem”. In

4 5 6

Average Score *1p<.05 **:p<.001

addition, when the rate of beginners who think steering is
“Difficult to use” is compared to that of teleportation, Table
IIT shows that the former was 20.59%, while the latter was
29.03%. Thus, it can be said that steering is easy to use
for experienced users rather than being difficult to use for
beginners. The result that more experienced users feel steering
is “No problem” also implies it. On the other hand, there are no
significant differences in all issues for teleportation. Therefore,
this result also suggests that teleportation is more difficult to
master than steering. The study by Habgood et al. [52] also
reported a similar trend. Considering that the main control of
the currently dominant Point&Teleport technique is pointing,
it may not be recommended to use pointing as the primary
action for locomotion.

The reason of this might be physical issues, such as the
difficulty in suppressing hand shake even for experienced
players or inevitable fatigue from long gaming sessions.
Another possible explanation is due to hardware problems.
Point&Teleport technique requires hand tracking, and jitter or
stuttering of a tracking system can impact the usability of the
technique. If these errors are the main cause of the problem,
it is natural that the technique is difficult to master even
for experienced users. To mitigate this effect, implementing
something like a low-pass filter may be effective.

C. Influence and Issues by Postures

We confirmed that there were significant differences for all
issues between standing and sitting. More people experienced
difficulties related to cables while playing VR video games in
standing. It may be because while standing users can rotate
their body 360 degrees, sitting players mainly look to the
forward direction of their chair. However, Figure 4 shows that
“Annoyed by cables” is the second largest issue for sitting
users. This infers that the cable problem is not only for
standing users. Thus, if a game is played on a tethered HMD,
it is desirable for users to be able to play the game without
rotating their head frequently no matter which posture they
adopt.

“Limited body movements” is perceived to be more prob-
lematic by sitting users than standing users and more than half
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of the sitting users have experienced this issue. This implies
that locomotion techniques that utilize body movements, such
as arm swinging, leaning, or footstep, are difficult to use while
sitting. Therefore, as we discussed above, it is recommended
to avoid adopting locomotion techniques based on body move-
ments for games played in sitting. “Causing motion sickness”
is also perceived to be more problematic by sitting users than
standing users, despite a prior study [78] showing the opposite
result. This may be because while standing users can walk a
short distance, sitting users have to use alternative locomotion
techniques every time they move. Merhi et al. [78] used non-
VR video games with a HMD for experiments. That might be
the reason why their results were different from ours.

“Low immersion” is another issue which is perceived to
be more problematic while sitting. There are some possible
explanations for this. The first one is because sitting users
have to use alternative locomotion techniques every time they
move. The second one is the inconsistency between the actual
user’s posture and an in-game avatar’s posture, which may
lower immersion since in-game avatars are standing in many
games. Three interviewees and five questionnaire respondents
mentioned a decline in immersion caused by the inconsistency
between their physical posture and the posture in game. For
example, one participant stated that “(the reason they prefer
to play VR games in standing is that) it’s usually more
immersive because sitting while walking in VR is immersion-
breaking.”. On the other hand, two interviewee mentioned
that they were deeply immersed in the game Last Labyrinth
(2019) [98] because a player is bound to a wheel chair in
this game. Thus, if developers want to make their game
immersive when played in a sitting position, it is better to
come up with a reason that players in the game are also
sitting, such as riding on some vehicles. One of the two
interviewees who had played Last Labyrinth stated that when
he played TOKYO CHRONOS (2019) [99], he initially felt
discomfort due to the inconsistency between his sitting posture
and his avatar’s standing posture. However, he also stated that
once he adjusted the eye height in the game, the discomfort
disappeared. Therefore, immersion may not be broken if only
eye height is consistent, even though the player’s posture
and their avatar’s posture are inconsistent. While we were
able to find some studies about the inconsistency between
physical and virtual eye height [100] [101], it seems to be
unknown which is more problematic: inconsistency in postures
or inconsistency in eye height. A similar future work proposal
was also made by Zielasko et al. [85]

We also compared all the issues between beginners and
experienced users, however we could not find any significant
differences for neither standing nor sitting. This result sug-
gests that the issues related to postures are not overcome by
experience.

VI. CONCLUSION

In this study, we conducted semi-structured interviews with
16 interviewees and an online questionnaire survey to 88
respondents. Through these surveys, we investigated issues
and user needs for locomotion techniques, as well as issues

related to postures while playing VR video games. As a result
of semi-structured interviews, we found five issues and seven
user needs related to locomotion techniques, along with eight
issues associated with postures. Subsequently, we designed a
questionnaire based on the results of the interviews, and our
findings can be summarized as follows;

o There was a difference in tendencies of user needs for
locomotion techniques between standing users and sitting
users; Standing users are primarily demanding immer-
sion, whereas sitting users are prioritizing practicality,
such as ease of use.

o Teleportation was perceived to be more problematic than
steering for all the identified issues, except for motion
sickness. Steering also received higher satisfaction scores,
and experienced users expressed greater satisfaction with
steering compared to beginners.

o There were significant differences between standing and
sitting for every issue, and also it is suggested that these
issues can not be overcome by experience. However, it is
suggested that certain issues, such as lowering immersion,
can be mitigated through thoughtful game design.

This study focused on locomotion conducted in scenes that
do not have any significant impact on the main gameplay,
such as one in visual novels or puzzle games. This means that
our results are limited in that they cannot be applied to more
intensive locomotion scenes or locomotion involving other
important actions. Thus, one direction for future research is to
investigate the issues and user needs for other scenes, such as
shooting or melee combat scenes. Another potential direction
for future research is to conduct a similar investigation for
other locomotion techniques. In this paper, we examined the
issues of teleportation and steering since the results of the
interviews suggested that these two techniques are dominant
in VR video games. However, there are some subtypes [34],
[43], [53], [102] within these locomotion techniques, as well as
other types of locomotion techniques [86], [103]. Therefore,
investigating the issues related to these could contribute to
future studies and the development of VR video games.

REFERENCES

[1] T. Horbiriski and K. Zagata, “View of cartography in video games:
Literature review and examples of specific solutions,” KN-Journal of
Cartography and Geographic Information, vol. 72, no. 2, pp. 117-128,
2022.

[2] M. Foxman, A. P. Leith, D. Beyea, B. Klebig, V. H. H. Chen, and
R. Ratan, “Virtual reality genres: Comparing preferences in immersive
experiences and games,” in Extended Abstracts of the 2020 Annual
Symposium on Computer-Human Interaction in Play, 2020, pp. 237-
241.

[3] J. W. Kelly, L. A. Cherep, A. F. Lim, T. Doty, and S. B. Gilbert, “Who
are virtual reality headset owners? a survey and comparison of headset
owners and non-owners,” in 2021 IEEE Virtual Reality and 3D User
Interfaces (VR). 1EEE, 2021, pp. 687-694.

[4] VALVE, “Half-life: Alyx,” Mar. 2020. [Online]. Available: https:
/Iwww.half-life.com/alyx

[5] R. Paris, J. Klag, P. Rajan, L. Buck, T. P. McNamara, and B. Bo-
denheimer, “How video game locomotion methods affect navigation
in virtual environments,” in ACM Symposium on Applied Perception
2019, 2019, pp. 1-7.

[6] C. Boletsis, “The new era of virtual reality locomotion: A systematic
literature review of techniques and a proposed typology,” Multimodal
Technologies and Interaction, vol. 1, no. 4, p. 24, 2017.

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/



This article has been accepted for publication in IEEE Transactions on Games. This is the author's version which has not been fully edited and
content may change prior to final publication. Citation information: DOI 10.1109/TG.2024.3498325

JOURNAL OF KX CLASS FILES, VOL. 14, NO. 8, AUGUST 2021

(71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

K. Rahimi, C. Banigan, and E. D. Ragan, “Scene transitions and
teleportation in virtual reality and the implications for spatial aware-
ness and sickness,” IEEE transactions on visualization and computer
graphics, vol. 26, no. 6, pp. 2273-2287, 2018.

J. Frommel, S. Sonntag, and M. Weber, “Effects of controller-based
locomotion on player experience in a virtual reality exploration game,”
in Proceedings of the 12th international conference on the foundations
of digital games, 2017, pp. 1-6.

D. Wolf, K. Rogers, C. Kunder, and E. Rukzio, “Jumpvr: Jump-based
locomotion augmentation for virtual reality,” in Proceedings of the 2020
CHI Conference on Human Factors in Computing Systems, 2020, pp.
1-12.

F. Miiller, A. Ye, D. Schon, and J. Rasch, “Undoport: Exploring
the influence of undo-actions for locomotion in virtual reality on the
efficiency, spatial understanding and user experience,” in Proceedings
of the 2023 CHI Conference on Human Factors in Computing Systems,
2023, pp. 1-15.

Y. Choi, D.-H. Park, S. Lee, I. Han, E. Akan, H.-C. Jeon, Y. Luo,
S. Kim, W. Matusik, D. Rus et al., “Seamless-walk: natural and
comfortable virtual reality locomotion method with a high-resolution
tactile sensor,” Virtual Reality, pp. 1-15, 2023.

J. Clifton and S. Palmisano, “Effects of steering locomotion and
teleporting on cybersickness and presence in hmd-based virtual reality,”
Virtual Reality, vol. 24, no. 3, pp. 453-468, 2020.

N. N. Griffin, J. Liu, and E. Folmer, “Evaluation of handsbusy vs
handsfree virtual locomotion,” in Proceedings of the 2018 Annual
Symposium on Computer-Human Interaction in Play, 2018, pp. 211-
219.

E. S. Koeshandika, H. Ishikawa, and H. Manabe, “Effects of different
postures on user experience in virtual reality,” in International Confer-
ence on Human-Computer Interaction. Springer, 2023, pp. 219-226.
T. van Gemert, K. Hornbazk, J. Knibbe, and J. Bergstrom, “Towards
a bedder future: A study of using virtual reality while lying down,”
in Proceedings of the 2023 CHI Conference on Human Factors in
Computing Systems, 2023, pp. 1-18.

F. Steinicke, Y. Visell, J. Campos, and A. Lécuyer, Human walking in
virtual environments. Springer, 2013, vol. 56, no. 7.

M. Usoh, K. Arthur, M. C. Whitton, R. Bastos, A. Steed, M. Slater,
and F. P. Brooks Jr, “Walking; walking-in-place; flying, in virtual
environments,” in Proceedings of the 26th annual conference on
Computer graphics and interactive techniques, 1999, pp. 359-364.

N. C. Nilsson, S. Serafin, F. Steinicke, and R. Nordahl, “Natural
walking in virtual reality: A review,” Computers in Entertainment
(CIE), vol. 16, no. 2, pp. 1-22, 2018.

R. A. Ruddle, E. Volkova, and H. H. Biilthoff, “Walking improves your
cognitive map in environments that are large-scale and large in extent,”
ACM Transactions on Computer-Human Interaction (TOCHI), vol. 18,
no. 2, pp. 1-20, 2011.

Y.-J. Li, F. Steinicke, and M. Wang, “A comprehensive review of redi-
rected walking techniques: Taxonomy, methods, and future directions,”
Journal of Computer Science and Technology, vol. 37, no. 3, pp. 561—
583, 2022.

L. Fan, H. Li, and M. Shi, “Redirected walking for exploring immersive
virtual spaces with hmd: a comprehensive review and recent advances,”
IEEE Transactions on Visualization and Computer Graphics, 2022.
S. Razzaque, Redirected walking. The University of North Carolina
at Chapel Hill, 2005.

K. Matsumoto, Y. Ban, T. Narumi, Y. Yanase, T. Tanikawa, and M. Hi-
rose, “Unlimited corridor: redirected walking techniques using visuo
haptic interaction,” in ACM SIGGRAPH 2016 Emerging Technologies,
2016, pp. 1-2.

Q. Sun, A. Patney, L.-Y. Wei, O. Shapira, J. Lu, P. Asente, S. Zhu,
M. McGuire, D. Luebke, and A. Kaufman, “Towards virtual reality
infinite walking: dynamic saccadic redirection,” ACM Transactions on
Graphics (TOG), vol. 37, no. 4, pp. 1-13, 2018.

J. L. Souman, P. R. Giordano, M. Schwaiger, I. Frissen, T. Thiimmel,
H. Ulbrich, A. D. Luca, H. H. Biilthoff, and M. O. Ernst, “Cyber-
walk: Enabling unconstrained omnidirectional walking through virtual
environments,” ACM Transactions on Applied Perception (TAP), vol. 8,
no. 4, pp. 1-22, 2011.

S. Pyo, H. Lee, and J. Yoon, “Development of a novel omnidirectional
treadmill-based locomotion interface device with running capability,”
Applied Sciences, vol. 11, no. 9, p. 4223, 2021.

Z. Wang, C. Liu, J. Chen, Y. Yao, D. Fang, Z. Shi, R. Yan, Y. Wang,
K. Zhang, H. Wang et al., “Strolling in room-scale vr: Hex-core-mk1
omnidirectional treadmill,” IEEE Transactions on Visualization and
Computer Graphics, 2022.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Z. Wang, Y. Wang, S. Yan, Z. Zhu, K. Zhang, and H. Wei, “Redi-
rected walking on omnidirectional treadmill,” IEEE Transactions on
Visualization and Computer Graphics, 2023.

A. Prithul, I. B. Adhanom, and E. Folmer, “Teleportation in virtual
reality; a mini-review,” Frontiers in Virtual Reality, vol. 2, p. 730792,
2021.

D. A. Bowman, D. Koller, and L. F. Hodges, “Travel in immersive
virtual environments: An evaluation of viewpoint motion control tech-
niques,” in Proceedings of IEEE 1997 Annual International Symposium
on Virtual Reality. 1EEE, 1997, pp. 45-52.

B. Bolte, F. Steinicke, and G. Bruder, “The jumper metaphor: an effec-
tive navigation technique for immersive display setups,” in Proceedings
of Virtual Reality International Conference, vol. 1, no. 2, 2011.

S. Freitag, D. Rausch, and T. Kuhlen, “Reorientation in virtual envi-
ronments using interactive portals,” in 2014 IEEE symposium on 3D
user interfaces (3DUI). 1EEE, 2014, pp. 119-122.

C. Cruz-Neira, D. J. Sandin, and T. A. DeFanti, “Surround-screen
projection-based virtual reality: the design and implementation of the
cave,” in Proceedings of the 20th annual conference on Computer
graphics and interactive techniques, 1993, pp. 135-142.

E. Bozgeyikli, A. Raij, S. Katkoori, and R. Dubey, “Point & teleport
locomotion technique for virtual reality,” in Proceedings of the 2016
annual symposium on computer-human interaction in play, 2016, pp.
205-216.

M. Xu, M. Murcia-Lépez, and A. Steed, “Object location memory error
in virtual and real environments,” in 2017 IEEE Virtual Reality (VR).
IEEE, 2017, pp. 315-316.

A. Shahbaz Badr and R. De Amicis, “An empirical evaluation of
enhanced teleportation for navigating large urban immersive virtual
environments,” Frontiers in Virtual Reality, vol. 3, p. 1075811, 2023.
L. A. Cherep, A. F. Lim, J. W. Kelly, D. Acharya, A. Velasco,
E. Bustamante, A. G. Ostrander, and S. B. Gilbert, “Spatial cognitive
implications of teleporting through virtual environments.” Journal of
Experimental Psychology: Applied, vol. 26, no. 3, p. 480, 2020.

J. Rasch, V. D. Rusakov, M. Schmitz, and F. Miiller, “Going, going,
gone: Exploring intention communication for multi-user locomotion in
virtual reality,” in Proceedings of the 2023 CHI Conference on Human
Factors in Computing Systems, 2023, pp. 1-13.

M. Funk, F. Miiller, M. Fendrich, M. Shene, M. Kolvenbach, N. Dob-
bertin, S. Giinther, and M. Miihlhduser, “Assessing the accuracy of
point & teleport locomotion with orientation indication for virtual
reality using curved trajectories,” in Proceedings of the 2019 CHI
Conference on Human Factors in Computing Systems, 2019, pp. 1-
12.

J. Liu, H. Parekh, M. Al-Zayer, and E. Folmer, “Increasing walking
in vr using redirected teleportation,” in Proceedings of the 31st annual
ACM symposium on user interface software and technology, 2018, pp.
521-529.

R. Stoakley, M. J. Conway, and R. Pausch, “Virtual reality on a
wim: interactive worlds in miniature,” in Proceedings of the SIGCHI
conference on Human factors in computing systems, 1995, pp. 265—
272.

R. Pausch, T. Burnette, D. Brockway, and M. E. Weiblen, “Navigation
and locomotion in virtual worlds via flight into hand-held miniatures,”
in Proceedings of the 22nd annual conference on Computer graphics
and interactive techniques, 1995, pp. 399—400.

S. Truman and S. von Mammen, “An integrated design of world-in-
miniature navigation in virtual reality,” in Proceedings of the 15th
International Conference on the Foundations of Digital Games, 2020,
pp. 1-9.

E. Games, “Robo recall,” Mar. 2017. [Online]. Available: https:
/Iwww.epicgames.com/roborecall

M. Al Zayer, P. MacNeilage, and E. Folmer, “Virtual locomotion: a
survey,” IEEE transactions on visualization and computer graphics,
vol. 26, no. 6, pp. 2315-2334, 2018.

R. P. McMahan, D. A. Bowman, D. J. Zielinski, and R. B. Brady,
“Evaluating display fidelity and interaction fidelity in a virtual reality
game,” [EEE transactions on visualization and computer graphics,
vol. 18, no. 4, pp. 626-633, 2012.

M. Nabiyouni, A. Saktheeswaran, D. A. Bowman, and A. Karanth,
“Comparing the performance of natural, semi-natural, and non-natural
locomotion techniques in virtual reality,” in 2015 IEEE Symposium on
3D User Interfaces (3DUI). 1EEE, 2015, pp. 3-10.

E. Bozgeyikli, A. Raij, S. Katkoori, and R. Dubey, “Locomotion
in virtual reality for individuals with autism spectrum disorder,” in
Proceedings of the 2016 symposium on spatial user interaction, 2016,
pp. 33-42.

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/



This article has been accepted for publication in IEEE Transactions on Games. This is the author's version which has not been fully edited and
content may change prior to final publication. Citation information: DOI 10.1109/TG.2024.3498325

JOURNAL OF KX CLASS FILES, VOL. 14, NO. 8, AUGUST 2021

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

G. Cirio, A.-H. Olivier, M. Marchal, and J. Pettré, “Kinematic evalua-
tion of virtual walking trajectories,” IEEE transactions on visualization
and computer graphics, vol. 19, no. 4, pp. 671-680, 2013.

H. Gao, L. Frommelt, and E. Kasneci, “The evaluation of gait-
free locomotion methods with eye movement in virtual reality,” in
2022 IEEE International Symposium on Mixed and Augmented Reality
Adjunct (ISMAR-Adjunct). 1EEE, 2022, pp. 530-535.

F. Argelaguet and M. Maignant, “Giant: stereoscopic-compliant multi-
scale navigation in ves,” in Proceedings of the 22nd acm conference
on virtual reality software and technology, 2016, pp. 269-277.

M. J. Habgood, D. Moore, D. Wilson, and S. Alapont, “Rapid,
continuous movement between nodes as an accessible virtual reality
locomotion technique,” in 2018 IEEE conference on virtual reality and
3D user interfaces (VR). 1EEE, 2018, pp. 371-378.

A. M. Hashemian and B. E. Riecke, “Leaning-based 360 interfaces:
investigating virtual reality navigation interfaces with leaning-based-
translation and full-rotation,” in Virtual, Augmented and Mixed Reality:
9th International Conference, VAMR 2017, Held as Part of HCI Inter-
national 2017, Vancouver, BC, Canada, July 9-14, 2017, Proceedings
9. Springer, 2017, pp. 15-32.

Y. S. Pai and K. Kunze, “Armswing: Using arm swings for accessible
and immersive navigation in ar/vr spaces,” in Proceedings of the 16th
international conference on mobile and ubiquitous multimedia, 2017,
pp. 189-198.

T. Nguyen-Vo, B. E. Riecke, W. Stuerzlinger, D.-M. Pham, and
E. Kruijff, “Naviboard and navichair: Limited translation combined
with full rotation for efficient virtual locomotion,” IEEE transactions
on visualization and computer graphics, vol. 27, no. 1, pp. 165-177,
2019.

Meta, “Reduce optic flow,” 2022. [Online]. Available: https://developer.
oculus.com/resources/locomotion-design-reduce-optic-flow/

J. Teixeira and S. Palmisano, “Effects of dynamic field-of-view re-
striction on cybersickness and presence in hmd-based virtual reality,”
Virtual Reality, vol. 25, no. 2, pp. 433-445, 2021.

J.-L. Lugrin, A. Juchno, P. Schaper, M. Landeck, and M. E. Latoschik,
“Drone-steering: A novel vr traveling technique,” in Proceedings of
the 25th ACM Symposium on Virtual Reality Software and Technology,
2019, pp. 1-2.

A. Atkins, S. Belongie, and H. Haraldsson, “Continuous travel in virtual
reality using a 3d portal,” in Adjunct Proceedings of the 34th Annual
ACM Symposium on User Interface Software and Technology, 2021,
pp- 51-54.

Oculus Studios, “Resident Evil 4 VR,” Oct. 2021. [Online]. Available:
https://www.oculus.com/experiences/quest/2637179839719680

Cyan Worlds Inc., “Myst,” Dec. 2020. [Online]. Available: https:
//cyan.com/games/myst/

E. S. Martinez, A. S. Wu, and R. P. McMahan, “Research trends in
virtual reality locomotion techniques,” in 2022 IEEE Conference on
Virtual Reality and 3D User Interfaces (VR). 1EEE, 2022, pp. 270-
280.

F. Buttussi and L. Chittaro, “Locomotion in place in virtual reality:
A comparative evaluation of joystick, teleport, and leaning,” IEEE
transactions on visualization and computer graphics, vol. 27, no. 1,
pp. 125-136, 2019.

D. Medeiros, E. Cordeiro, D. Mendes, M. Sousa, A. Raposo, A. Fer-
reira, and J. Jorge, “Effects of speed and transitions on target-based
travel techniques,” in Proceedings of the 22Nd ACM Conference on
Virtual Reality Software and Technology, 2016, pp. 327-328.

E. Bozgeyikli, A. Raij, S. Katkoori, and R. Dubey, “Locomotion in
virtual reality for room scale tracked areas,” International Journal of
Human-Computer Studies, vol. 122, pp. 38-49, 2019.

D. Lim, S. Shirai, J. Orlosky, P. Ratsamee, Y. Uranishi, and H. Take-
mura, “Evaluation of user interfaces for three-dimensional locomotion
in virtual reality,” in Proceedings of the 2022 ACM Symposium on
Spatial User Interaction, 2022, pp. 1-9.

L. A. Cherep, A. F. Lim, J. W. Kelly, D. Acharya, A. Velasco,
E. Bustamante, A. G. Ostrander, and S. B. Gilbert, “Spatial cognitive
implications of teleporting through virtual environments.” Journal of
Experimental Psychology: Applied, vol. 26, no. 3, p. 480, 2020.

J. W. Kelly, A. G. Ostrander, A. F. Lim, L. A. Cherep, and S. B.
Gilbert, “Teleporting through virtual environments: Effects of path
scale and environment scale on spatial updating,” IEEE Transactions on
Visualization and Computer Graphics, vol. 26, no. 5, pp. 1841-1850,
2020.

S. P. Sargunam and E. D. Ragan, “Evaluating joystick control for view
rotation in virtual reality with continuous turning, discrete turning,

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

and field-of-view reduction,” in Proceedings of the 3rd International
Workshop on Interactive and Spatial Computing, 2018, pp. 74-79.

J. L. Soler-Dominguez, C. de Juan, M. Contero, and M. Alcaniz, “I
walk, therefore i am: A multidimensional study on the influence of
the locomotion method upon presence in virtual reality,” Journal of
Computational Design and Engineering, vol. 7, no. 5, pp. 577-590,
2020.

C. Boletsis, “A user experience questionnaire for vr locomotion: For-
mulation and preliminary evaluation,” in International Conference on
Augmented Reality, Virtual Reality and Computer Graphics. Springer,
2020, pp. 157-167.

J. Brooke, “Sus: a “quick and dirty’usability,” Usability evaluation in
industry, vol. 189, no. 3, pp. 189-194, 1996.

W. A. Isselsteijn, Y. A. De Kort, and K. Poels, “The game experience
questionnaire,” 2013.

A. Salatino, C. Zavattaro, R. Gammeri, E. Cirillo, M. L. Piatti,
M. Pyasik, H. Serra, L. Pia, G. Geminiani, and R. Ricci, “Virtual reality
rehabilitation for unilateral spatial neglect: A systematic review of im-
mersive, semi-immersive and non-immersive techniques.” Neuroscience
& Biobehavioral Reviews, p. 105248, 2023.

E. Polishchuk, Z. Bujdosé, Y. El Archi, B. Benbba, K. Zhu, and
L. D. Dévid, “The theoretical background of virtual reality and its
implications for the tourism industry,” Sustainability, vol. 15, no. 13,
p. 10534, 2023.

A. Drogemuller, A. Cunningham, J. Walsh, M. Cordeil, W. Ross, and
B. Thomas, “Evaluating navigation techniques for 3d graph visualiza-
tions in virtual reality,” in 2018 International Symposium on Big Data
Visual and Immersive Analytics (BDVA). 1EEE, 2018, pp. 1-10.

A. Cannavo, D. Calandra, F. G. Prattico, V. Gatteschi, and F. Lamberti,
“An evaluation testbed for locomotion in virtual reality,” IEEE Trans-
actions on Visualization and Computer Graphics, vol. 27, no. 3, pp.
1871-1889, 2020.

O. Merhi, E. Faugloire, M. Flanagan, and T. A. Stoffregen, “Motion
sickness, console video games, and head-mounted displays,” Human
factors, vol. 49, no. 5, pp. 920-934, 2007.

Y. Hu, M. Elwardy, and H.-J. Zepernick, “On the effect of standing
and seated viewing of 360° videos on subjective quality assessment:
A pilot study,” Computers, vol. 10, no. 6, p. 80, 2021.

N. Coomer, J. Ladd, and B. Williams, “Virtual exploration: Seated
versus standing.” in VISIGRAPP (1: GRAPP), 2018, pp. 264-272.

R. Shewaga, A. Uribe-Quevedo, B. Kapralos, and F. Alam, “A com-
parison of seated and room-scale virtual reality in a serious game
for epidural preparation,” IEEE transactions on emerging topics in
computing, vol. 8, no. 1, pp. 218-232, 2017.

Y. Tehreem, S. G. Fracaro, T. Gallagher, R. Toyoda, K. Bernaerts,
J. Glassey, F. R. Abegdo, S. Wachsmuth, M. Wilk, and T. Pfeiffer,
“May i remain seated: A pilot study on the impact of reducing room-
scale trainings to seated conditions for long procedural virtual reality
trainings,” in 2022 8th International Conference on Virtual Reality
(ICVR). 1IEEE, 2022, pp. 62-71.

D. Zielasko and B. E. Riecke, “To sit or not to sit in vr: Analyzing
influences and (dis) advantages of posture and embodied interaction,”
Computers, vol. 10, no. 6, p. 73, 2021.

D. Zielasko and B. E. Riecke, “Sitting vs. standing in vr: Towards
a systematic classification of challenges and (dis) advantages.” in VR
Workshops, 2020, pp. 297-298.

D. Zielasko and B. E. Riecke, “Sitting or standing in vr: About comfort,
conflicts, and hazards,” IEEE Computer Graphics and Applications,
vol. 44, no. 2, pp. 81-88, 2024.

Z.Zhao, Y. Li, L. Yu, and H.-N. Lianq, “Telesteer: Combining discrete
and continuous locomotion techniques in virtual reality,” in 2023 IEEE
Conference on Virtual Reality and 3D User Interfaces Abstracts and
Workshops (VRW). IEEE, 2023, pp. 755-756.

S. Cmentowski, A. Krekhov, and J. Kriiger, “Outstanding: A multi-
perspective travel approach for virtual reality games,” in Proceedings
of the annual symposium on computer-human interaction in play, 2019,

pp- 287-299.
Meta, “Locomotion best practices,” 2022. [On-
line]. Available: https://developers.meta.com/horizon/resources/

locomotion-design-techniques- best-practices/

K. Holstein, J. Wortman Vaughan, H. Daumé III, M. Dudik, and
H. Wallach, “Improving fairness in machine learning systems: What
do industry practitioners need?” in Proceedings of the 2019 CHI
conference on human factors in computing systems, 2019, pp. 1-16.
Sony Interactive Entertainment, “Déraciné,” Feb. 2020. [Online].
Available: https://www.playstation.com/games/deracine/

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/



This article has been accepted for publication in IEEE Transactions on Games. This is the author's version which has not been fully edited and
content may change prior to final publication. Citation information: DOI 10.1109/TG.2024.3498325

JOURNAL OF KX CLASS FILES, VOL. 14, NO. 8, AUGUST 2021

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

Vertigo Games, “A Fisherman’s Tale,” Jan. 2019. [Online]. Available:
https://store.steampowered.com/app/559330/A_Fishermans_Tale

A. M. Hashemian, A. Adhikari, I. A. Aguilar, E. Kruijff, M. von der
Heyde, and B. E. Riecke, “Leaning-based interfaces improve simulta-
neous locomotion and object interaction in vr compared to the handheld
controller,” IEEE Transactions on Visualization and Computer Graph-
ics, 2023.

P. Abtahi, M. Gonzalez-Franco, E. Ofek, and A. Steed, “I'm a giant:
Walking in large virtual environments at high speed gains,” in Pro-
ceedings of the 2019 CHI Conference on Human Factors in Computing
Systems, 2019, pp. 1-13.

D. Wolf, M. Rietzler, L. Bottner, and E. Rukzio, “Augmenting telepor-
tation in virtual reality with discrete rotation angles,” arXiv preprint
arXiv:2106.04257, 2021.

B. N. E. Inc., “Ace combat 7: Skies unknown,” Jan. 2019. [Online].
Available: https://ace7.acecombat.jp/

D. Kwon, H. Choi, H. Jun Cho, J. Lee, and G. Kim, “Pillowvr: Virtual
reality in bed,” in Proceedings of the 25th ACM Symposium on Virtual
Reality Software and Technology, 2019, pp. 1-2.

Meta, “Controlling artificial locomotion,” 2022. [Online]. Available:
https://developer.oculus.com/resources/artificial-locomotion-controls/
Amata K.K., “Last Labyrinth,” Nov. 2019. [Online]. Available:
https://lastlabyrinth.jp/

Sekai Project, “TOKYO CHRONOS,” Mar. 2019. [Online]. Available:
https://tokyochronos.com/

S. Rothe, B. Kegeles, and H. Hussmann, “Camera heights in cinematic
virtual reality: How viewers perceive mismatches between camera and
eye height,” in Proceedings of the 2019 acm international conference
on interactive experiences for tv and online video, 2019, pp. 25-34.
Z. Deng and V. Interrante, “Am i floating or not?: Sensitivity to eye
height manipulations in hmd-based immersive virtual environments,”
in Acm symposium on applied perception 2019, 2019, pp. 1-6.

S. Kim, S. Lee, N. Kala, J. Lee, and W. Choe, “An effective fov
restriction approach to mitigate vr sickness on mobile devices,” Journal
of the Society for Information Display, vol. 26, no. 6, pp. 376-384,
2018.

J. J. LaViola Jr, D. A. Feliz, D. F. Keefe, and R. C. Zeleznik, “Hands-
free multi-scale navigation in virtual environments,” in Proceedings of
the 2001 symposium on Interactive 3D graphics, 2001, pp. 9-15.

APPENDIX A
LIST OF QUESTIONNAIRE ITEMS

Please refer to supplementary material for more details on
the questionnaire.
A. Demographic information

Q1.
Q2.

Age
Sex

B. Experience with VR equipment and VR video games

Q3.
Q4.
Q5.
Q6.
Q7.

Please select the total duration of time you have contin-
uously used VR equipment from the options below.
How often do you usually use VR equipment?

What do you mainly use VR equipment for? If you use
it for multiple purposes equally, please inform us in the
“Other” option.

How often do you play VR games that include locomo-
tion?

Please select the total duration of time you have contin-
uously played VR games that involve locomotion from
the options below

C. Experience, level of satisfaction, and issues of certain
locomotion techniques

Q8.
Q.

Regarding locomotion techniques in VR games, have
you ever used the Teleportation technique?

How often do you use Teleportation as a locomotion
technique when you play VR games?

Q10.

Ql1.

Q12.
Q13.
Ql4.

QI5.

You are satisfied with Teleportation as a locomotion
technique in VR games. (1. Strongly Disagree - 6.
Strongly Agree)

Please select any of the following problems that you feel
when you use Teleportation as a locomotion technique
in VR games.

Regarding locomotion techniques in VR games, have
you ever used the Steering technique?

How often do you use Steering as a locomotion tech-
nique when you play VR games?

You are satisfied with Steering as a locomotion tech-
nique in VR games. (1. Strongly Disagree - 6. Strongly
Agree)

Please select any of the following problems that you feel
when you use Steering as a locomotion technique in VR
games.

D. Experience, issues, and user needs for locomotion
techniques while in certain postures

Ql6.
Ql17.
QI8.
Q19.

Q20.

Q21.

Q22.
Q23.

Q24.

Q25.

Regarding your posture when playing VR games, have
you ever played VR games while standing?

Please select all the HMDs that you have used while
standing and playing games.

Please select each of the following problems that you
feel when you play VR games while standing.

Each of the following options describes a desirable
aspect of locomotion techniques while standing and
playing VR games. Please read them carefully, judge
how well they match with your opinion, and rate them.
If you have other desirable aspects of locomotion tech-
niques while standing and playing VR games, please
describe them in the form below.

This item asks you about your posture when playing VR
games. Have you ever played VR games while sitting?
Please select all the HMDs that you have used while
sitting and playing games.

Please select each of the following problems that you
feel when you play VR games while sitting.

Each of the following options describes a desirable as-
pect of locomotion techniques while sitting and playing
VR games. Please read them carefully, judge how well
they match with your opinion, and rate them.

If you have other desirable aspects of locomotion tech-
niques while sitting and playing VR games other than
those above, please describe them in the form below.

E. Preferred posture

Q26.

Q27.

Q28.

There are VR games that are available for both standing
and sitting. Have you ever played such VR games?
This question is directed to those who have played VR
games available for play while standing and sitting.
Which posture(s) do you choose for such kind of VR
games?

Please describe the reason why you chose that pos-
ture(s).

F. Overall Opinion

Q29.

If you have any feedback about this survey or other
thoughts, please feel free to share them here.
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