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Abstract

In this study, we developed a system that allow users to switch between first- and third-person

perspectives in a virtual reality (VR) environment. We investigated how this perspective-switching system

affects the sense of embodiment, sense of presence, VR motion sickness, and task efficiency, compared to using

only first- or third-person perspectives. The task was an "object-carrying task" where a designated object was

placed in a designated box within a limited time, accompanied by "walking" in VR environment. This task had a

higher degree of freedom and complexity than those in previous studies. The experiment revealed that switching

to a third-person perspective improved the sense of embodiment. However, there was no significant advantage

over the first-person perspective.

Keywords: first-person perspective, third-person perspective, perspective switching, sense of embodiment, task efficiency, virtual reality.

1. Introduction

Since the onset of the COVID-19 pandemic, immersive
virtual reality (VR) content has gained prominence,
much of which involves experiencing content from a
first-person perspective (1PP). Many VR contents
simulate actual visual, auditory, and tactile stimuli,
allowing people to perceive the virtual space as a more
realistic world. This VR content provides users with a
high-quality VR experience. Therefore, it is natural to
make the viewpoint in the VR space the same as that in
the real world (i.e., 1PP). Providing the same stimuli and
viewpoints as in the real world can enhance the user's
sense of "being there," known as the Sense of Presence
(SoP)1 2., SoP is regarded as an index of how the user is
immersed in VR content and is important in many
previous VR studies.

One way to enhance the SoP is by introducing VR
avatars. Just as one's own body exists in the real world,
allowing individuals to perceive the positions of their
hands and feet as visual information, introducing an
avatar in the VR space can be expected to increase SoP.
However, for this effect to occur, users must experience the

illusion that the avatar is a part of their body, known as
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the Sense of Embodiment (SoE). Furthermore, SoE is
characterized by three sub-components: the Sense of
Ownership (So0), which is the feeling that a virtual body
is one's own real body; the Sense of Agency (SoA), which is
the feeling that a virtual body's movement is caused by
one's own actions; and the Sense of Self-Location (SoSL),
which is the feeling of being in a virtual body? 4. Previous
studies have demonstrated that illusions in SoE or its
subcomponents can be generated by visual-tactile
synchronization® ® or visual-motor synchronization’.®. For
example, Sanchez-Vives et al. (2010) synchronized the
movements of real and virtual arms using motion capture,
leading participants to observe the virtual arm. As a
result, the rubber hand illusion? was induced®, showing
the generation of SoO illusion for the virtual arms.
Furthermore, several studies have indicated a relationship
between these senses and the SoP1% 1V, In other words, one
effective method to enhance SoP using VR avatars is to
synchronize the user's and avatar's movements, inducing
an illusion in SoE (or its three sub-components).

Using a first-person perspective and a VR avatar
simultaneously in a VR environment provides a more
realistic experience, but is expected to have some
disadvantages. Firstly, from a first-person perspective,
one's own VR avatar is almost invisible. Therefore, users
do not perceive the avatar as their own body. When users
cannot directly observe themselves, their SoE may
decrease because they cannot confirm whether their

motions and their VR avatars are synchronized. This may
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reduce realism of experiences with immersive VR content.
Virtual mirrors have been proposed for displaying an
avatar in a VR environment. Several studies have
confirmed that SoE is enhanced by placing a mirror and
confirming one's figure? 7 1213, However, if many mirrors
are placed for self-observation, the unnaturalness of the
scene may reduce the SoP. Therefore, it is necessary to
consider a system that allows users to observe themselves
naturally in a VR environment.

Secondly, it may be challenging to accurately perceive
the positional relationship between ourselves and VR
objects from a first-person perspective. As mentioned
previously, observing an avatar in a VR space is
difficult. In most cases, it is difficult to perfectly match
the physical features of the VR avatar with those of the
user, and a common avatar is often used by users.
Therefore, there is a high possibility of misjudging the
distance between ourselves and objects. Additionally,
the narrow field of view from the first-person perspective
is also a cause of this problem. Inaccurate spatial
recognition could lead to problems when working in the
VR environment. In addition to the above two problems,
it can be said that VR motion sickness is another
adverse effect of adopting the first-person viewpoint.

The use of the third-person perspective (3PP) for VR
content may address these problems. Third-person
perspective has long been utilized in computer games
and is characterized by a wide field of view. Several
studies have reported that a third-person experience
improves spatial awareness!4 15 and reduces VR motion
sickness!® compared to a first-person experience in VR.

In general, the degree of immersion decreases when a
third-person perspective is used in VR content!?.
the SoE differs
subcomponent typel5 18, For example, Gorisse et al.
(2017) examined the effect of differences between the

first- and third-person perspectives on three senses

However, depending on the

considered as components of the sense of embodiment:
S00, SoA, and SoSL!%. The results showed that the SoO
and SoSL occurred significantly more in the first- than
in the third-person perspective. However, there is no
evidence that the perspective condition affects the SoA.
The first- and third-person perspectives each have their
own advantages and disadvantages.

In this study, we developed a system that enables
users to switch between first- and third-person
perspectives at any time within a VR environment. We
investigated whether this system influences user's task

performance, SoP, and SoE compared to systems offering

45

only first- or third-person views. We believe that
developing such a system will allow us to integrate the
strengths of both first- and third-person perspectives.
Specifically, we anticipate that this system will enhance
task efficiency while providing a strong SoE and SoP.
Some experiments have attempted to leverage the
advantages of both first- and third-person viewpoints by
switching between viewpoints!® 19 or using other
methods29. In most previous studies, participants
performed tasks with limited degrees of freedom, such as
rotating in place or switching viewpoints to specific target
points. In contrast, this study assigned participants an
"object-carrying task" in which they could freely walk
within a VR room and place designated objects into
designated boxes. Unlike prior research, the object-carrying
task in this study featured a high degree of freedom,
simulating behavior more akin to real-world scenarios.
Therefore, the SoP and the SoE were considered important

indicators for evaluating VR content.

2. Methods

2.1 Observers

Fifteen observers (14 men) aged 20-23 years (M =
21.7) from a university participated in this study. All
observers had normal or corrected-to-normal vision. All
participants had at least some prior experience with VR
content via an HMD before the experiment. The study
involving human participants was reviewed and
approved by the Ethical Committee for Human-Subject
Research at Suwa University of Science (Approval
number: 28). All participants provided written informed
consent to participate in the study.

2.2 Apparatus

We used a computer (Intel Core i7 6700) running
Windows OS 10. Stimulus presentation was conducted
using Unity (2021.1.6f.1) displayed through a Head-
Mounted Display (HMD; Oculus Quest 2, resolution
1832 x 1920 pixels, refresh rate 90 Hz). Controllers were
used to manipulate objects in the VR space. The final IK
Unity plugin was employed to synchronize associate the
head and hand movements of the participants with the
avatar's movements.

2.3 Stimuli

As shown in Fig. 1 (a) and (b), we created a virtual
room consisting of a textured floor (50 m width x 50 m
depth) and four textured sidewalls (40 m width x 10 m
height x 1 m depth). The textured floor and sidewalls are
made of wood and stone, respectively. Four white

displays (23.6 m width x 17.5 m height) were positioned
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Fig 1. Visual scenes in the VR environment. (a) Overall view of
the VR room (from top view), (b) interior view of the VR
room, (c¢) pedestal where objects appear, (d) box for storing
objects, (e) schematic view of the VR room (bird's eye view).

Units of length are meters.

above the four sidewalls. The top of each display showed
the time remaining (in seconds), while the bottom
indicated the object to be carried ("cube" or "sphere") in
Japanese. Within the virtual room, pedestals (0.35 m
width x 0.35 m depth x 1.25 m height, as shown Fig. 1
(c)) were placed at four locations (front-right, front-left,
back-right, back-left), each 10 m horizontally and 10 m
vertically from the center (Fig. 1 (e)). A red sphere
(diameter 0.25 m) or red cube (0.25 m) was often placed
on top of the pedestal (see Procedures for details). Two
boxes (1.0 m width x 1.0 m height x 1.0 m depth as
shown Fig. 1 (d)) for storing spheres or cubes were
placed 2 m horizontally and -2 m vertically, and -2 m
horizontally and -2 m vertically from the center,
respectively (Fig. 1 (e)). On the front of each box, the top
section displayed the text "number of objects currently
inside" in Japanese, and the bottom section showed the
actual number of objects in the box.

We utilized a three-dimensional human model,
Toshiro (Renderpeople), as a full-body avatar for all
participants. The height of each eye of the avatar was
set to 155 cm. Initially, the avatar was positioned at the
center of the virtual room. Through the experiment, the

avatar was tracked in three positions: the HMD the
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Video 1. Explanation of the three perspectives.

participant wore, and the left and right controllers held
in their hands. Participants' movements were measured
in real time, and the avatar's movements were
determined based on inverse kinematics. Additionally,
the walking range of the avatar was limited to the space
within the sidewalls (40 m wide x 40 m deep).

In this experiment, three perspectives were used: 1PP
and two types of 3PP. In the 1PP, participants observed
the scene from the viewpoint of the avatar (Video. 1). In
the 3PPs, participants observed the scene from a position
4 m behind the avatar's viewpoint. In one of the two 3PPs,
the camera rotated around the avatar when the
participant's head rotated, always capturing the back of
the avatar (Video. 1). This condition was defined as
circumferential rotation camera condition (3PPCR). In the
other 3PP, the camera rotated on the spot when the
participant's head rotated, but it could not capture the
avatar depending on the head rotation (Video 1). This
condition was defined as spot rotation camera condition
(3PPSR). In this experiment, four perspective conditions
were used; 1PP, 3PPCR, 1-3PPCR, and 1-3PPSR. In the
1-3PPCR and 1-3PPSR conditions, participants could
switch perspectives at any time (Video 1).

2.4 Procedure

During the experiment, participants wore an HMD and
held two controllers. In the beginning, either "cube" or
"sphere" (in Japanese) was randomly displayed on a white
screen positioned in four directions. Simultaneously, a
cube and a sphere randomly appeared above one of the
four pedestals. Participants were instructed to locate,
carry, and release the specified object (cube or sphere)
into the corresponding box. The task was deemed
successful if the correct object was placed in the
corresponding box within 30 s of the object being specified
on the displays; otherwise, it was considered unsuccessful.
Each perspective condition was tested 12 over a 6 min

period. The first two trials served as practice rounds, and
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3. Results

The statistical analysis software JASP (version 0.18.3)
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data from these practice trials were excluded from the
analysis. The experiment consisted of four blocks (1PP,
3PPCR, 1-3PPCR, and 1-3PPSR), and the order of these
blocks was randomized across participants.

Walking in the VR environment was performed using
the left-hand controller stick, where the direction the
participant's head (and the linked avatar) faced
corresponded to the stick's forward direction. While the
participant changed the direction using the stick, the
avatar's movement was adjusted with a pre-made
walking animation. Objects were grasped by pressing
the trigger on the middle finger of both controller's left
and right hands. The object could be released by
releasing the trigger of the middle finger after grasping
it. In the switchable perspective conditions (1-3PPCR
and 1-3PPSR), participants could change perspectives by
pressing the trigger on the right controller with their
right index finger at any time. Participants were
instructed to switch perspectives at least once per trial
under these conditions.

2.5 Questionnaire

After each perspective condition, participants
completed an 11-item questionnaire about their SoE
(S00, SoA, and SoSL), VR sickness, task performance,
and sense of presence. The questionnaire was developed
based on previous studies investigating the SoE in a VR
environment!! 19.21. 22 The content of the questionnaire
was as follows:

a: I felt as if the virtual avatar was my own body.

b: I felt as if the virtual avatar was not my own body.

c: I felt as if the virtual avatar was another person's body.

d: I felt I could move the virtual avatar if I wanted to.

e: I felt that the virtual avatar was out of my control.

f: I felt that the virtual avatar was in my control.

g: I felt as if I was looking at someone at a distance

from my virtual avatar.

h: I felt as if I were in a virtual body.

i: I felt VR motion sickness.

j: I felt it was difficult to complete the task.

k: I felt as if I were in a virtual space.

In the above questionnaire, items (a) — (c) assess the
So00, (d) — (f) assess SoA, (g) — (h) assess SoSL, (i) assesses
VR motion sickness, (j) assesses task difficulty, and (k)
assesses SoP. Each item is answered on a 7-point scale
ranging from 1 (completely disagree) to 7 (completely
agree). The evaluation values for each item were
determined based on the questionnaire results. The SoO,

SoA, and SoSL were evaluated using Equations (1 — 3):
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a+ (8—b)+(B—10¢)

So00 = (1)

3
d —
soa= 4T E-+f @
3
8 — h
SoSL = ﬂ 3)
2
3. Results

The statistical analysis software JASP (version 0.18.3)
was used for the analysis. We conducted a one-way
repeated measures ANOVA on the mean assessment of
the questions across the four perspective conditions
(1PP, 3PPCR, 1-3PPCR, and 1-3PPSR). Mauchly's test
was conducted before the ANOVA to examine the
sphericity of the data. If the sphericity of the data was
violated, Greenhouse-Geisser corrections were applied.
The Holm procedure was used for post-hoc analysis.

3.1 Sense of embodiment, Sense of presence

As shown in Fig. 2 (a), analysis of subjective ratings
for SoO revealed a significant main effect (F (3, 42) =
36.46, p <.001, n%2p =0.72, 1 — = 0.99). The post-hoc
analysis showed that all pairwise comparisons between
perspectives were statistically significant (1PP (M =
5.73, SD = 0.74) and 3PPCR (M = 2.89, SD = 0.82), ¢ (14)
=10.11, adj. p < .001; 1PP and 1-3PPCR (M = 4.89, SD =
1.40), t (14) = 3.00, adj. p = .009; 1PP and 1-3PPSR (M =
4.22, SD = 1.48), t (14) = 5.37, adj. p < .001; 3PPCR and
1-3PPCR, ¢ (14) = 7.11, adj. p < .001; 3PPCR and 1-
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Fig 2. Results of sense of embodiment (SoE) and presence (SoP).
(a) Sense of ownership (So0), (b) sense of agency (SoA), (c)
sense of self-location (SoSL), (d) sense of presence (SoP).
Error bars indicate SEMs (Standard Errors of the Means).
*p < .05, #¥p < .01
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3PPSR, ¢ (14) = 4.74, adj. p < .001; 1-3PPCR and 1-
3PPSR, ¢ (14) = 2.37, adj. p = .022).

As shown in Fig. 2 (b), for SoA, we found a significant
main effect (£ (1.59, 22.18) = 6.87, p =.007, n%2p = 0.33, 1
— B =0.99). The post-hoc analysis showed that
comparisons involving 3PPCR (M = 5.44, SD = 1.23) and
other perspectives were statistically significant (1PP (M
=6.42, SD = 0.39) and 3PPCR, ¢ (14) = 3.84, adj. p =
.002; 3PPCR and 1-3PPCR (M = 6.47, SD = 0.50), ¢ (14) =
4.01, adj. p = .001; 3PPCR and 1-3PPSR (M = 6.16, SD =
0.67), ¢t (14) = 2.79, adj. p = .032).

As shown in Fig. 2 (c), for SoSL, we found a significant
main effect (F' (3, 42) =36.32, p < .001, n?p =0.72, 1 - B =
0.99). The post-hoc analysis showed that comparisons
between all perspectives, except between 1-3PPCR and 1-
3PPSR, were statistically significant (1PP (M =5.90 SD =
0.91) and 3PPCR (M = 2.37, SD = 0.92), ¢ (14) = 10.29, adj.
p <.001; 1PP and 1-3PPCR (M = 4.57, SD = 1.28), ¢ (14) =
3.88, adj. p =.001; ¢ (14) = 3.88, adj. p =.001; 1PP and 1-
3PPSR (M =4.57, SD = 1.31), ¢t (14) = 3.88, adj. p = .001;
3PPCR and 1-3PPCR, ¢ (14) = 6.40, adj. p < .001; 3PPCR
and 1-3PPSR, ¢ (14) = 6.40, adj. p < .001).

As shown in Fig. 2 (d), for SoP, we found a significant
main effect (F (3, 42) =3.36, p =.028, n?p =0.19, 1 - 3=
0.87). The post-hoc analysis showed that the differences
between 1PP (M = 5.60, SD = 1.40) and 3PPCR (M =
4.53, SD = 1.55) was statistically significant (¢ (14) =
2.95, adj. p =.032). However, the differences between 1-
3PPCR (M =5.33, SD = 1.45) and others perspectives or
1-3PPSR (M = 5.40, SD = 1.30) and others perspectives
were not statistically significant.

The object-carrying task with two switching
perspectives improved all three components of SoE
compared to the third-person perspective. This finding
suggests that the switching-perspective VR system could
enhance the SoE more effectively than a system using
only the third-person perspective. However, the object-
carrying task with two switching perspectives showed
reduced levels of SoO and SoSL compared to the first-
person perspective condition. There was no significant
difference in SoA between the conditions. These results
align with prior research indicating that 1PP offers
greater advantages for SoO and SoSL compared to 3PP,
while showing no significant difference in SoA1%,

Additionally, there was no significant difference in the
SoP between the two switching perspectives compared to
the first- or third-person perspectives. This result suggests
that the SoP is preserved even when seemingly complex

operations, such as switching perspectives, are introduced.
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Fig 3. Results of task efficiency. (a) Difficulty, (b) response time.
Error bars indicate SEMs (Standard Errors of the Means).
*p < .05, ¥p < .01

3.2 Task performance

As shown in Fig. 3 (a), analysis of subjective ratings
for difficulty revealed a significant main effect (¥ (3, 42)
=6.74, p < .001, n%p = 0.33, 1 — B=0.99). The post-hoc
analysis showed that the differences between 3SPPCR (M
=4.13, SD = 1.41) and the other perspectives were
statistically significant (1PP (M = 1.93, SD = 1.16), ¢ (14)
=4.01, adj. p =.001; 1-3PPCR (M = 2.67, SD =1.92), ¢
(14) = 2.67, adj. p = .043; 1-3PPSR (M = 2.07, SD = 1.49),
t (14) = 3.77, adj. p =.003). As shown in Fig. 3 (b), the
analysis of response time revealed a significant main
effect (F' (2.12, 29.72) = 14.54, p < .001, n?p =0.51, 1 -
= 0.99). The post-hoc analysis showed that the
differences between SPPCR (M = 18.22 s, SD = 2.33) and
the other perspectives were statistically significant (1PP
(M =14.51s, SD =1.99), ¢t (14) = 6.23, adj. p < .001; 1-
3PPCR (M =15.37 s, SD = 2.51), t (14) = 4.77, adj. p <
.001; 1-3PPSR (M = 15.52 s, SD = 1.85), ¢t (14) = 4.53, ad].
p < .001). The success rate was nearly 100 % for all
perspective conditions (1PP, M =99.3 %, SD = 2.58; 1-
3PPCR, M =98.7 %, SD = 3.52; 1-3PPCR, M = 99.3 %,
SD = 2.58), except for the third-person perspective
(B3PPCR, M = 86.7 %, SD = 21.93).

These results indicate that the object-carrying task
was more difficult both subjectively and objectively in
the third-person perspective condition compared to the
other three conditions. This finding contradicts previous
research which suggested that the third-person
perspective improves spatial awareness!4 15

3.3 VR motion sickness

As shown in Fig. 4, analysis of subjective ratings for
VR motion sickness revealed a significant main effect (¥
(3, 42) = 3.64, p =.020, n?p = 0.21, 1 — = 0.91). The
post-hoc analysis showed that the differences between
1PP (M = 2.60, SD = 1.96) and 3PPCR (M =4.27, SD =
2.05) were statistically significant (¢ (14) = 3.28, adj. p =
.013). The 1-3PPCR (M = 3.27, SD = 2.12) and others
perspectives or 1-3PPSR (M = 3.33, SD = 2.29) and
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Fig 4. Results of VR motion sickness. Error bars indicate SEMs
(Standard Errors of the Means). *p < .05, **p < .01

others perspectives or were not statistically significant.
These results indicate that VR motion sickness was
more likely to occur in the third-person perspective
condition than in the other three conditions. This finding
suggests that adopting a third-person perspective does
not alleviate VR motion sickness, contrary to previous

suggestions from other studies!®.

4. Discussion

In this study, we implemented a switching system
between first- and third-person perspectives in a VR
environment and compared it with using only first- or
third-person perspectives to investigate whether it
affected the SoE and task efficiency during object-
carrying tasks. The findings revealed that the
perspective-switching system enhanced the SoE
compared to using only the 3PP. However, it did not
demonstrate superior task efficiency compared to the
first-person perspective.

If we interpret these results, the perspective-switching
system can be understood as follows: "Though the
demerits of the third-person perspective could be
improved, the demerits of the first-person perspective
could not be improved," at least under the conditions of
this experiment. In particular, the ease of spatial
recognition (measured by task efficiency) in this
experiment was similar between the first- and third-
person viewpoints. One reason for this is that the
participants could walk freely in the VR space during
the experiment. Unlike previous studies where
participants' positions were almost fixed, in this study
they could freely walk using the controllers and sticks,
which may have facilitated a better understanding of the
spatial layout, even when using the first-person
perspective. Another reason could be that the task was
too easy. The success rate of the object-carrying task in
this experiment was extremely high, even in the first-

person perspective (99.3%). This result suggests that
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participants could quickly grasp the spatial layout in the
VR environment.

The success rate may not be an appropriate objective
measure to evaluate the effectiveness of perspective
switching because the task in this study was relatively
simple. However, it is generally acknowledged that
success rate has a trade-off relationship with response
time. Thus, evaluating the usefulness of perspective
switching based on response time is meaningful. In this
study, response times were significantly slower in the
third-person perspective condition compared to the other
three conditions. In other words, perspective switching
appears to be at least more efficient than the third-
person perspective for task completion. Nevertheless, it
remains uncertain if this trend would hold true in VR
environments that are more similar to real-world object-
carrying tasks. Future studies should explore the
effectiveness of perspective switching by expanding the
VR space, introducing challenges like virtual walls, or
making objects larger and more difficult to manipulate
within the VR space. No explicit reference point was
provided in this experiment. Since this was a within-
subjects design, we considered the impact of potential
confounding factors from the lack of reference points to
be minimal. However, establishing a reference point in
future experiments could further clarify the
effectiveness of perspective switching.

A noteworthy trend in the results of this experiment is
that the first-person perspective was superior to the
third-person perspective in terms of SoE, SoP, task
efficiency, and VR motion sickness. The decrease in SoE
in the third-person perspective aligns with previous
studies, but the decrease in task efficiency#4 1 and
increase in symptoms of VR motion sickness!® contradict
early findings. This suggests a particular reason why the
object-carrying task in this VR environment was
disadvantageous from the third-person perspective. One
reason for this is that, unlike previous studies conducted
in a fixed position. (e.g., reaching the virtual balll?,
deviating the virtual ball'®), this study involved
"walking" during the task. As participants moved to
grasp objects, the spatial relationship between the
avatar and the object changed each time. The dynamic
changes in both the object's position and the avatar's
position mean that we need to be more careful when
grasping the object. Therefore, the importance of the
first-person perspective may have relatively increased
compared to previous studies.

Additionally, the "unnaturalness" of walking may
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contribute to increased task difficulty, symptoms of VR
motion sickness, and decreased SoE from a third-person
perspective. In this experiment, the participants could
freely navigate 360° using the controller stick, with the
avatar's head direction always synchronized with their
own head movements. This setup allowed them to move
"sideways" or "backward" without physically turning their
heads, which is unnatural compared to real world
movements. This unnatural walking behavior was
particularly noticeable from the third-person perspective
and less apparent from the first-person perspective. The
more participants used the third-person perspective, the
more they experienced this unfamiliar gait, which may
have influenced their senses. However, initially, this
unnatural walking pattern allowed participants to reach
their target positions without needing to orient the
avatar's head toward the target, potentially reducing task
difficulty. Interestingly, in informal interviews after the
experiment, some participants mentioned that using the
third-person perspective helped them complete tasks.
Since participants were only required to switch
perspectives at least once during the switching perspective
condition, their individual strategies varied significantly.
Therefore, the specific impact of the unnatural walking
behavior on participants remains unclear and warrants
further investigation in future studies.

Another noteworthy point is the method used to
simulate the pseudo-walking sensation in this study.
Many existing virtual walking systems achieve this by
integrating visual information (optical flow) with
physical movement, such as stepping on an
omnidirectional treadmill?3. 24 using a Hamster Ball2?,
moving tiles?®, or wearing low-friction shoes2”. Further
innovations are needed to enable users to experience
walking in a VR environment while standing still, such
as simulating tactile stimuli perceived in real space2®
and allowing one's VR avatar to be seen by virtual
mirrors??. In contrast, this experiment did not consider
stimuli other than optical flow to induce a walking
sensation. Consequently, the generated sense of walking
may have been limited. Although the relationship
between the sense of walking and the SoP remains
unclear, it is reasonable to assume that these senses are
improved by increasing the sense of walking. Therefore,
future studies should investigate the occurrence of the
sense of walking.

In this study, we implemented two switching
perspectives, but only SoO showed a significant

difference. Specifically, the sensations and task
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efficiencies were almost unaffected between 1-3PPCR
and 1-3PPSR. The SoO was more significant in the 1-
3PPCR condition, in which the avatar could always be
observed from behind, than in the 1-3PPSR condition,
where the avatar could not be observed depending on
the amount of head rotation. This finding suggests that
observing the avatar's movements in synchrony with
one's own movements plays an important role in
generating the SoO illusion.

The sample size in this experiment was 15, which is
relatively small. Post-hoc power analysis revealed that
the statistical power was low for evaluating the sense of
presence and VR motion sickness. As a result, the claim
that the third-person perspective reduces the sense of
presence and increases VR motion sickness compared to
the first-person perspective cannot be made with high
confidence. Additionally, all participants had some level
of experience with VR content, which may have
introduced bias due to "familiarity with VR." Therefore,
future experiments should include participants with no
prior VR experience to comprehensively assess the
effects of viewpoint switching.

To summarize the findings of this study, there is no clear
evidence that the perspective-switching system offers
significant advantages over the first-person viewpoint in
terms of easier spatial understanding. This result contrasts
with previous studies, where switching perspectives
improved these aspects. Specifically, tasks with a high
degree of freedom, such as object-carrying tasks, may not
benefit as much from perspective switching compared to
tasks with lower degrees of freedom. However, the results
also suggest that switching perspectives and first-person
perspectives are almost equally effective for certain senses
(e.g., sense of agency) and task efficiency. Furthermore, the
results indicate that individuals can adapt to the third-
person perspective, which is a view not typically encountered
in daily life. Thus, for tasks with high degrees of freedom, it
may still be important to consider either a first-person-only
system or a perspective-switching system. These findings

represent the novel contributions of this study.

5. Conclusion

There was no direct evidence that the perspective-
switching system improved the SoE, SoP, or task
efficiency compared to the first-person perspective
system. However, many of these senses and their
efficiencies were improved compared to the third-person
perspective. These results suggest that people can adapt

to the complex operation of switching perspectives



J-STAGE

e LT, BAEYVEBAY AT AL ER
FEAAIDIDBEHEDRONZA AT
TR, REREZHS LD LREHEDOE WY
R BESRATIZEERATHELEZOND,
COVID-19DIRATIZ LY . ZLDVRA Y TV YDH
BEHEINTVWD, ZOEBRERIL. — AHEHS
2 TR EZAFEEGREL, 2—F =2\
DTERRETNIBEZDZILNTEXL L5127
52L T, BOBWRKEBREZA EIETLZ LN
TEX5ZL2REBLTWS,

Acknowledgments

We would like to thank Editage (www.editage.com)
for the English language editing. We thank Koya
Mita for conducting part of the experiments.

References

1) C. Heater: "Being There: The subjective Experience of Presence”,
Presence Teleoperators Virtual Environ., 1, 2, pp.262-271 (1992)

2) L.M. Wilcox, R.S. Allison, S. Elfassy and C. Grelik: "Personal Space
in Virtual Reality", ACM Transactions on Applied Perception
(TAP), 3, 4, pp.412-428 (2006)

3) K. Kilteni, R. Groten and M. Slater: "The Sense of Embodiment in
Virtual Reality", Presence: Teleoperators and Virtual
Environments, 21, 4, pp.373-387 (2012)

4) M. Guy, J.-M. Normand, C. Jeunet-Kelway and G. Moreau: "The

Sense of Embodiment in Virtual Reality and Its Assessment

Methods", Front. Virtual Real. 4, pp.1141683 (2023)

B. Lenggenhager, T. Tadi, T. Metzinger and O. Blanke: "Video Ergo

Sum: Manipulating Bodily Self-Consciousness”, Science, 317, 5841,

pp.1096-1099 (2007)

6) H.H. Ehrsson: "The Experimental Induction of Out-of-Body
Experiences", Science, 317, 5841, pp.1048-1048 (2007)

7) M. Gonzalez-Franco, D. Perez-Marcos, B. Spanlang and M. Slater:
"The Contribution of Real-Time Mirror Reflections of Motor Actions on
Virtual Body Ownership in an Immersive Virtual Environment", 2010
IEEE Virtual Reality Conference (VR), pp.111-114 (March 2010)

8) M.V. Sanchez-Vives, B. Spanlang, A. Frisoli, , M. Bergamasco and

M. Slater: "Virtual Hand Illusion Induced by Visuomotor

Correlations”, PloS One, 5, 4, pp.e10381 (2010)

M. Botvinick and .J. Cohen: "Rubber Hands 'Feel' Touch That Eyes

See", Nature, 391, 6669, pp.756-756 (1998)

10) D. Jo, K. Kim, G.F. Welch, W. Jeon, Y. Kim, KH. Kim and G.J.
Kim: "The Impact of Avatar-Owner Visual Similarity on Body

=)

©

Ownership in Immersive Virtual Reality", Proceedings of the 23rd
ACM Symposium on Virtual Reality Software and Technology,
pp.1-2 (November 2017)

11) 8. Ventura, M. Miragall, G. Cardenas and R.M. Barfios: "Predictors of
the Sense of Embodiment of a Female Victim of Sexual Harassment
in a Male Sample through 360-degree Video-Based Virtual Reality”,
Frontiers in Human Neuroscience, 16, 845508 (2022)

12)B. Spanlang, J.M. Normand, D. Borland, K. Kilteni, E.
Giannopoulos, A. Pomés, M. Gonzdlez-Franco, D. Perez-Marcos, J.
Arroyo-Palacios, X.N. Muncunill and M. Slater: "How to Build an
Embodiment Lab: Achieving Body Representation [llusions in
Virtual Reality", Frontiers in Robotics and Al 1, 9 (2014)

13)Y. Inoue and M. Kitazaki: "Virtual Mirror and Beyond: The
Psychological Basis for Avatar Embodiment via a Mirror", Journal
of Robotics and Mechatronics, 33, 5, pp.1004-1012 (2021)

14) E.L. Schuurink and A. Toet: "Effects of Third Person Perspective

on Affective Appraisal and Engagement: Findings from SECOND
LIFE" Simulation & Gaming, 41, 5, pp.724-742 (2010)

15) G. Gorisse., O. Christmann, E.A. Amato and S. Richir: "First-and
Third-Person Perspectives in Immersive Virtual Environments:
Presence and Performance Analysis of Embodied Users", Frontiers
in Robotics and Al, 4, 33 (2017)

16) D. Monteiro, H.N. Liang, W. Xu, M. Brucker, V. Nanjappan and Y.
Yue: "Evaluating Enjoyment, Presence and Emulator Sickness in
VR Games Based on FirstA]And ThirdA]Person Viewing
Perspectives", Computer Animation and Virtual Worlds, 29, 3-4,
el830 (2018)

17)A. Denisova and P. Cairns: "First Person vs. Third Person
Perspective in Digital Games: Do Player Preferences Affect
Immersion?", Proceedings of the 33rd Annual ACM Conference on
Human Factors in Computing Systems, pp.145-148 (April 2015)

18) H. Galvan Debarba, S. Bovet, R. Salomon, O. Blanke, B. Herbelin
and R. Boulie: "Characterizing First and Third Person Viewpoints
and Their Alternation for Embodied Interaction in Virtual
Reality", PloS One, 12, 12, e0190109 (2017)

19) Y. Matsuda: "[Sense of Body Ownership and Task Difficulty in a
Reaching Task Using Perspective Switching in a VR Environment]
VR Kankyo Ni Okeru Shitenkirikae wo Mochiita Reaching Kadai
deno Shintaishoyukan to sono Nanido (in Japanese)", 2022 Winter
Meeting of the Vision Society of Japan, Vision, 34, 1, pp.40-41 (2022)

20) 1. Evin, T. Pesola, M.D. Kaos, T.M. Takala and P. Himiildinen:
"3pp-r: Enabling Natural Movement in 3rd Person Virtual
Reality", Proceedings of the Annual Symposium on Computer-
Human Interaction in Play, pp.438-449 (November 2020)

21) R. Kondo, M. Sugimoto, K. Minamizawa, T. Hoshi, M. Inami, M.
Kitazaki: "[llusory Body Ownership of an Invisible Body
Interpolated between Virtual Hands and Feet via Visual-Motor
Synchronicity”, Scientific Reports, 8, pp.7541 (2018)

22) J.C. Eubanks, A.G. Moore, P.A. Fishwick and R.P. McMahan: "A
Preliminary Embodiment Short Questionnaire”, Frontiers in
Virtual Reality, 2, pp.647896 (2021}

23)R.P. Darken, W.R. Cockayne and D. Carmein: "The Omni-
Directional Treadmill: A Locomotion Device for Virtual Worlds”,
Proceedings of the 10th Annual ACM Symposium on User
Interface Software and Technology, pp.213-221 (October 1997)

24) H. Iwata: "Walking about Virtual Environments on an Infinite
Floor", Proceedings IEEE Virtual Reality (Cat. No. 99CB36316),
pp.286-293 (March 1999)

25) E. Medina, R. Fruland and S. Weghorst: "Virtusphere: Walking in a
Human Size VR "Hamster Ball"". Proceedings of the Human Factors
and Ergonomies Society Annual Meeting, 52, 27, pp.2102-2106. Sage
CA: Los Angeles, CA: SAGE Publications (September 2008)

26) H. Iwata, H. Yano, H. Fukushima and H. Noma: "Circulafloor
[Locomotion Interface]", IEEE Computer Graphics and
Applications, 25, 1, pp.64-67 (2005)

27)T. Cakmak and H. Hager: "Cyberith Virtualizer: A Locomotion
Device for Virtual Reality", In ACM SIGGRAPH 2014 Emerging
Technologies, p. 1 (2014)

28) M. Kitazaki, T. Hamada, K. Yoshiho, R. Kondo, T. Amemiya, K.
Hirota and Y. Ikei: "Virtual Walking Sensation by Prerecorded
Oscillating Optic Flow and Synchronous Foot Vibration", i-
Perception, 10, 5, pp.2041669519882448 (2019)

29) Y, Matsuda, J. Nakamura, T. Amemiya, Y. Ikei and M. Kitazaki:
"Enhancing Virtual Walking Sensation Using Self-Avatar in First-
Person Perspective and Foot Vibrations", Frontiers in Virtual
Reality, 2, pp.654088 (2021)



Paper » Effects of First- and Third-Person Perspective Switching on Sense of Embodiment and Task Efficiency in Object-Carrying Tasks with Walking in VR

during a task to some extent and can use it efficiently
without instruction. In conclusion, the perspective-
switching system may be useful not only for tasks with
limited degrees of freedom, such as fixed-point reaching
tasks, but also for object-carrying tasks that involve a
higher degree of freedom, such as walking in a VR space.
Due to the COVID-19 pandemic, many VR contents have
been provided. The results of this experiment suggest
that high-quality VR experiences can be enhanced by
offering not only first-but also third-person perspectives

and allowing users to switch between them at any time.
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