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ABSTRACT
Out-of-body experience (OBE) is generated by sensory disinte-
gration. In virtual reality (VR), we can provide OBE to people by
switching the first-person perspective (1PP) to the third-person
perspective (3PP). Generally, 1PP is the choice for high body own-
ership and presence. Moreover, tactile feedback that is experienced
from the 1PP can provide a higher immersive experience. However,
whether the combination of 3PP and tactile feedback could affect
the sense of embodiment in immersive environments is underex-
plored. Thus, we conducted a 2 × 2 (OBE: 1PP vs. 3PP × Tactile
Feedback [TF]: with vs. without tactile feedback) VR study to dis-
cover the effect of OBE in the presence of TF. In our study, we
examined OBE and TF through the five dimensions of the sense of
embodiment: body ownership, agency, tactile sensations, location
of the body, and response to external stimuli. We developed an
application to replicate the rubber hand illusion (RHI) study with
partial body tracking. We found significant results for both OBE and
TF in different dimensions of embodiment. Specifically, we revealed
that 3PP decreased the body’s sense of body ownership, agency,
and location. Moreover, enabling tactile feedback induced tactile
sensations and responses to external stimuli. In the remainder of
this paper, we discuss our findings and limitations and provide
directions for future studies on OBE in VR.
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1 INTRODUCTION
The sense of embodiment (SoE) is the phenomenon in which we feel
our own bodies by receiving a flow of information related to vision,
touch, proprioception, and the neural system [Vignemont 2011]. In
virtual reality (VR), SoE refers to people possessing a virtual body or
body part in an immersive environment [Gonzalez-Franco and Peck
2018; Kilteni et al. 2012]. Six different dimensions contribute to SoE:
body ownership, agency, tactile sensations, location of the body,
external appearance, and response to external stimuli [Gonzalez-
Franco and Peck 2018]. In recent studies, researchers have applied
external stimuli (factors outside of the body that are perceived by
receptors and lead to a response) to humans in VR scenarios, such
as tactile feedback [Cui et al. 2021; Koilias et al. 2020; Krogmeier
et al. 2019a], to explore how people perceive their virtual body
in correlation with the six dimensions of embodiment [Cui and
Mousas 2021a,b]. Hence, understanding these different dimensions
would reveal methods for generating an experience of ownership
over a virtual limb or body.

However, when therewas a disintegration of the above-mentioned
sensory information, humans could sense a dislocated body or a
different body than one’s own [Braithwaite et al. 2017; Guterstam
and Ehrsson 2012]. These perceptual illusions resembled an out-of-
body experience (OBE), in which the self was physically perceived
outside of the bodily border [Blanke andMetzinger 2009; Guterstam
and Ehrsson 2012]. Understanding OBE helps us identify how the
brain defines the physiological and spatial characteristics of the
self [Aymerich-Franch et al. 2016]. In the realm of VR, a significant
number of studies have focused on “in-body” to learn about embod-
iment but rarely focused on “out-of-body.” In addition, few studies
have used OBE as a factor of SoE. Recent studies have discovered
the effect of OBE on other variables, such as fear of death [Bourdin
et al. 2017] and acute dissociation [van Heugten-van der Kloet et al.
2018]. More studies focused on the causation of OBE [Hanashima
and Ohyama 2022; Lenggenhager et al. 2007] and the effect of the
third-person perspective on ownership and agency. Nevertheless,
the relationship between OBE and other dimensions in SoE, such
as body location, tactile sensation, and response to external stimuli
in VR, remained underexplored.

The most common method of providing OBE for people is to
create an elevated third-person perspective (3PP) in VR applications
[Bourdin et al. 2017; van Heugten-van der Kloet et al. 2018]. The
majority of VR applications use first-person perspective (1PP), as it
is the choice for high embodiment and presence [Petkova et al. 2011;
Slater et al. 2010]. However, this does not mean that 3PP has no ad-
vantage in generating a SoE. Evidence was present that ownership
can be attributed to virtual bodies that were outside bodily borders
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[Petkova and Ehrsson 2008; Slater et al. 2010]. Furthermore, only
a few studies have discovered differences in perspectives [Griffin
and Folmer 2019], and researchers asserted that 3PP can achieve
sensory ownership and provide better spatial awareness in virtual
environments [Galvan Debarba et al. 2017; Gorisse et al. 2017].
Therefore, we think it is critical to understand whether 3PP can
induce SoE in immersive environments.

To further understand the effects of OBE and tactile feedback
(TF), we conducted a study to discover the effects of two different
perspectives (1PP vs. 3PP) and TF (with vs. without TF) on SoE.
We manipulated visual perception by adjusting the location of the
virtual camera (elevated virtual camera) to manually generate an
OBE for the participants. Moreover, we followed previous rubber
hand illusion (RHI) studies to provide tactile stimuli on the virtual
hand as an additional dimension. Our 2 × 2 (OBE: 1PP vs. 3PP ×
TF: with vs. without TF) study used a VR application to investigate
five embodiment dimensions: body ownership, agency, and motor
control, tactile sensations, location of the body, and response to
external stimuli. Based on our study, we aim to answer the following
research questions:

• RQ1: Which embodiment dimensions can be impacted by
OBE?

• RQ2: Which embodiment dimensions can be impacted by
TF?

• RQ3: Which embodiment dimensions can be impacted by
the interaction effect between OBE and TF?

This paper is organized as follows: In Section 2, we present
the related work of our study; in Section 3, we provide details
on the methodology that was followed; in Section 4, we present
the analyzed results; in Section 5, we discuss our findings and
limitations; and finally, in Section 6, we conclude this paper with
potential future directions.

2 RELATEDWORKS
In the below subsections, we discuss related work to our study.

2.1 Out-of-body Experience
OBEs are the most widely reported autoscopic phenomenon [Gium-
marra et al. 2008]. Blanke and Arzy [Blanke and Arzy 2005] defined
OBE as heautoscopic disembodiment (seeing one’s own body from a
distance). It has been confirmed that OBE can occur in both healthy
and unhealthy populations [Blanke and Arzy 2005]. According to
past studies, OBE results in asynchronous perception from three
sources: vestibular, central representations of one’s own image, and
somatosensory and proprioceptive inputs [Blanke 2004, 2012; Lopez
and Elzière 2018].

Understanding the effect of OBE in VR is essential, as it could be
generated from abnormal aesthesis and provide different sensations
for participants [Blanke 2004; van Heugten-van der Kloet et al.
2018]. Bourdin et al. [Bourdin et al. 2017] successfully provided
OBE to their participants by adjusting the viewport with a mirror
in a virtual room [Bourdin et al. 2017]. Their findings asserted that
OBE reduces fear of death [Bourdin et al. 2017]. In addition, van
Heugten-can der Koloet et al. [van Heugten-van der Kloet et al.
2018] explored the effect of OBE on acute dissociation and found
a significant increase in acute dissociation after VR exposure in

an OBE experience [van Heugten-van der Kloet et al. 2018]. Olive
and Berthoz [Olivé and Berthoz 2012] discovered the relationship
between body part illusion and full-body illusion by providing OBE
within the RHI study process. Based on their results, manipulating
visual representation was sufficient for inducing proprioceptive
drift in the perceived virtual body [Olivé and Berthoz 2012].

In recent VR studies, changing participants’ visual perspectives
in VR was a common method for providing OBE by elevating self-
location and adjusting the camera’s perspective [Bourdin et al. 2017;
Chan et al. 2020]. The use of 3PP is common in modern video games,
as it enables players to observe their virtual characters and sur-
rounding environment with additional vision [Taylor 2002]. The use
of 1PP increases temporal discrimination and sensory integration
[Nitsche 2005]. Havranek et al. [Havranek et al. 2012] conducted
an electroencephalogram (EEG) study to determine the difference
between the two perspectives in a self-developed role-playing game.
Their results revealed that while 1PP generated stronger agency,
3PP generated more precise localization [Havranek et al. 2012]. Us-
ing a similar approach, Denisova and Cairns [Denisova and Cairns
2015] discovered the effect of different perspectives on immersion
in role-playing games. They found that participants had a better
immersive experience in the first-person view, regardless of their
preferences [Denisova and Cairns 2015].

As for VR, researchers suggested that 1PP was the choice for
high embodiment and presence in previous VR studies [Petkova
et al. 2011; Slater et al. 2010]. According to Salamin et al. [Salamin
et al. 2010] and Deberba et al. [Debarba et al. 2015], there were no
differences in the VR participants’ performance [Salamin et al. 2010]
or presence [Debarba et al. 2015] in terms of perspectives. Debarba
et al. [Galvan Debarba et al. 2017] asserted that 3PP can also achieve
illusory ownership. In addition, Gorisse et al. [Gorisse et al. 2017]
claimed that 3PP is advantageous, as it produces greater spatial
awareness for participants, especially in immersive environments.

2.2 Rubber Hand Illusion and Tactile Feedback
RHI is a common method used to study prosthetic limbs [Arata
et al. 2014; Horiuchi et al. 2017; Thakkar et al. 2011; Zbinden and
Ortiz-Catalan 2021]. Ehrsson et al. [Ehrsson et al. 2004] found a
transition of hand ownership from the real hand to the rubber
hand. Many other psychology studies had been revisited the ini-
tial RHI study to find factors affecting RHI [Dummer et al. 2009;
Tsakiris and Haggard 2005]. Moreover, based on the findings of
RHI studies, methodologies such as constantly stimulating body
parts and interaction tasks have been found to be effective instru-
ments for generating a strong body illusion. In VR studies, Lin and
Jörg [Lin and Jörg 2016] and Argelaguet et al. [Argelaguet et al.
2016] designed hand interaction tasks to generate hand illusion and
found that a realistic hand generated the strongest virtual hand
illusion. Kondo et al. [Kondo et al. 2018] applied synchronous touch
to thumbs and arms and found that synchronization of various
body parts induced illusionary body ownership.

A common VR stimulus is tactile feedback, which refers to the
physical response to the user, simulating the sensations of touch
and tap [Acevedo et al. 2022; D’Alonzo et al. 2015; Krogmeier et al.
2019b; Kuchenbecker et al. 2006; Pacchierotti et al. 2017]. Tactile
feedback technology provides users with a realistic experience
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while interacting in virtual environments, and it has become a key
factor in fortifying a SoE in immersive environments [Cho et al.
2018; Kuchenbecker et al. 2006; Turchet et al. 2013]. The use of
such technology made it possible to apply tactile feedback to the
feet [Nagao et al. 2017], back [Israr et al. 2016], fingertips [Schorr
and Okamura 2017], hands [Tamaki et al. 2016], and arms [Cui and
Mousas 2021b].

Researchers have explored the effects of tactile feedback. Previ-
ous studies have found that tactile feedback has a close relationship
with a SoE. Cui and Mousas [Cui and Mousas 2021b, 2022] explored
the effect of tactile feedback on the hands using an assembly ap-
plication. They found that participants rated the realism of hand
appearance higher under tactile feedback conditions than those
who experienced no tactile feedback. Pamungkas and Word [Pa-
mungkas and Ward 2016] developed an electro-tactile feedback
system for the hand. Participants wore gloves equipped with elec-
trodes and a transmitter to a computer. As a result, they found
that electro-tactile feedback enhanced both the sense of immersion
and interactivity for VR users. Richard et al. [Richard et al. 2021]
studied the role of tactile feedback in virtual embodiment through
a drawing task using Phantom Desktop hardware. They found that
tactile feedback significantly affected embodiment compared to no
feedback for manipulation tasks in VR [Richard et al. 2021].

3 METHODOLOGY
We present the methodology we followed in this study in the sub-
sections below.

3.1 Participants
We recruited 24 participants from our department for the study (age:
𝑀 = 24, 𝑆𝐷 = 3.10). Fifteen were male, and eight were female. One
participant identified themself as non-binary/other gender. Two
participants did not have any prior VR experience. Six participants
had little (less than an hour) VR experience. Seven participants
had some prior experience (more than an hour) with VR, and nine
participants were very experienced (more than 10 hours) with VR.
All participants volunteered for this study and completed the entire
experiment by responding to the post-questionnaire.

3.2 VR Application
We developed a VR application for our study in Unreal Engine 4 and
deployed it on an Oculus Quest 2 head-mounted display (HMD).
The application included a virtual room with a mirror at the center
of the front wall (shown in Figure 1). Participants in the application
were embodied in a virtual body depending on their gender (non-
binary/other gender participants could decide the gender of the self-
avatar; shown in Figure 2). The application implemented an inverse
kinematics (IK) partial body tracking system using controllers and
HMD locations. The virtual body is automatically scaled based on
the HMD height in the application. Participants were able to move
their limbs and rotate their bodies during the experiment.

This study had four different conditions: 1PP with TF, 1PP with-
out TF, 3PP with TF, and 3PP without TF. We followed the RHI
study process and designed a stimulus for virtual brush stroking
on the right virtual hand. The brush was stroking at a movement
speed of one unit per second (Unreal Engine units: 1 unit = 1 cm).

Figure 1: The virtual room used in the application.

Figure 2: The two virtual characters used in the application
(left: female; right: male).

We animated the brush to constantly stroke the entire hand back
and forth. Based on previous research, we understood that human
perception of TF would reach the minimum threshold when the
stimulus duration was one second [Merchel and Altinsoy 2020]. In
addition, the Oculus Quest 2 controllers were only able to provide
a rather low-frequency value range. Therefore, for the tactile feed-
back levels, we enabled vibrotactile feedback for each stroke with
an intensity of .50 m/s, a frequency of 100 Hz, and a duration of
.50 seconds. Vibrotactile feedback was provided to the participants’
hands through the Oculus Quest 2 controllers.

For the OBE condition, we designed an out-of-body camera to
create a 3PP for the participants. The camera was set to be 170 units
(1.7 m) above the 𝑧-axis and 270 units (2.7 m) behind the 𝑦-axis
from the original 1PP camera. Participants observed their virtual
bodies through the 3PP camera during the experiment. There were
no differences in controlling the virtual body or sensing tactile
feedback in either perspective.

3.3 Questionnaire
In our study, we collected self-reported data using an embodiment
questionnaire. Our questionnaire included five avatar embodiment
dimensions (body ownership, agency, tactile sensations, location
of the body, and response to external stimuli), as described by
Gonzalez-Franco and Peck [Gonzalez-Franco and Peck 2018]. We
decided not to use external appearance, as the virtual body re-
tained the same visual features for all conditions. We used a 7-point
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Likert scale for all questions. We disseminated the scales to our
participants using the Qualtrics online survey tool offered by our
university. We also made necessary adjustments to the context of
the questions and statements to fulfill the scope of the study.

3.4 Procedure
Upon the participants’ arrival at the lab, we offered them a consent
form approved by the institutional review board of our university.
We then asked the participants to review and sign the consent
form to indicate their agreement to participate. After the partici-
pants signed their consent forms, we asked them to provide basic
demographic information in our Qualtrics questionnaire. Then,
we assisted our participants in setting up the HMD and adjusting
the size to fit their heads. After a brief introduction to the study
and the necessary setup, we started the application and asked the
participants to complete the conditions (see Figure 3).

We followed a 2 × 2 within-subject study design. Each partici-
pant experienced all four conditions in random order. During each
condition, we instructed the participants to observe their bodies and
hands when the virtual brush stroked them for exactly one minute.
When the condition ended, we asked the participants to take off
the VR headset and answer the post-questionnaire in Qualtrics.
After that, we asked the participants to wear the HMD again and
to continue with the next condition. When all four conditions and
post-questionnaires were completed, the researchers answered the
participants’ questions. Finally, the researchers thanked and dis-
missed the participants. Each participant spent no more than 30
minutes completing the study.

4 RESULTS
We performed all analyses using IBM SPSS v. 28.0 statistical analysis
software. We conducted a two-way repeated measures analysis
of variance (ANOVA) for all five avatar embodiment dimensions
using OBE and TF as factors. The normality assumption of the
self-reported ratings was evaluated with Shapiro-Wilk tests at the
5% level and graphically using Q-Q plots of the residuals. For all
statistical tests, 𝑝 < .05 was deemed statistically significant.

4.1 Body Ownership
The statistical analysis did not reveal a significant interaction (OBE
× Tactile) effect (Λ = .987, 𝐹 [1, 23] = .301, 𝑝 = .589, [2𝑝 = .013).
However, it did reveal a significant main effect of OBE on body
ownership (Λ = .501, 𝐹 [1, 23] = 22.876, 𝑝 = .001, [2𝑝 = .499)
indicating that the participants rated the sense of body ownership
higher for 1PP participants (𝑀 = 4.85) than 3PP (𝑀 = 3.55). There
was no significant main effect for TF (Λ = .852, 𝐹 [1, 23] = 3.983,
𝑝 = .058, [2𝑝 = .499).

4.2 Agency
According to the results of the analysis, we did not find a significant
interaction (OBE × TF) effect (Λ = .996, 𝐹 [1, 23] = .102, 𝑝 = .752,
[2𝑝 = .004). However, OBE had a significant main effect on agency
(Λ = .689, 𝐹 [1, 23] = 10.365, 𝑝 = .001, [2𝑝 = .499) showing that the
participants rated their agency significantly higher in 1PP (𝑀 =

5.54) compared to 3PP (𝑀 = 5.14). Finally, there was no significant
main effect for TF (Λ = .944, 𝐹 [1, 23] = 1.368, 𝑝 = .254, [2𝑝 = .056).

4.3 Tactile Sensation
Based on the results of the two-way ANOVA analysis, there was no
significant interaction (OBE × Tactile) effect (Λ = .974, 𝐹 [1, 23] =
.624, 𝑝 = .438, [2𝑝 = .026). We also did not find a significant main
effect for OBE (Λ = .893, 𝐹 [1, 23] = 2.747, 𝑝 = .111, [2𝑝 = .107).
However, we found a significant main effect for TF on tactile sensa-
tion (Λ = .646, 𝐹 [1, 23] = 12.612, 𝑝 = .002, [2𝑝 = .354). Participants
rated their tactile sensation higher in the presence of TF (𝑀 = 4.52)
than in the absence of TF (𝑀 = 3.58).

4.4 Location of the Body
In terms of the location of the body, the two-way ANOVA did not
reveal a significant interaction (OBE × Tactile) effect (Λ = 1.000,
𝐹 [1, 23] = .011, 𝑝 = .917, [2𝑝 = .000). We did not find a significant
main effect for TF (Λ = .964, 𝐹 [1, 23] = .865, 𝑝 = .362, [2𝑝 =

.036). Yet, we did find a significant main effect for OBE (Λ = .477,
𝐹 [1, 23] = 25.180, 𝑝 = .001, [2𝑝 = .523). Participants in 1PP (𝑀 =

4.56) rated higher in location of the body than in 3PP (𝑀 = 3.50).

4.5 Response to External Stimuli
We did not find a significant interaction (OBE × Tactile) effect
(Λ = .944, 𝐹 [1, 23] = 1.368, 𝑝 = .254, [2𝑝 = .056) on the response to
external stimuli. We also did not find a significant main effect for
OBE (Λ = .995, 𝐹 [1, 23] = .113, 𝑝 = .740, [2𝑝 = .005). However, we
did find a significant main effect for TF (Λ = .523, 𝐹 [1, 23] = 20.936,
𝑝 = .001, [2𝑝 = .477). Participants rated the response to external
stimuli higher in the presence of TF (𝑀 = 4.39) than in the absence
of TF (𝑀 = 2.64).

5 DISCUSSION
In this study, we focused on exploring how OBE, in terms of per-
spectives and TF, affected the five dimensions of embodiment (body
ownership, agency, tactile sensations, location of the body, and
response to external stimuli). The subsections below discuss our
findings and our study’s limitations.

5.1 Out-of-body Experience
Based on our results, we first found a significant effect of OBE on
body ownership. We noticed that participants rated higher in 1PP
than in 3PP. A previous study revealed that a change in perceived
self-location in a virtual room causes disownership [Guterstam and
Ehrsson 2012]. Sensorimotor contingency values one’s own body
as a unique and special object in space [Slater et al. 2010]. When
the virtual body was perceived in the same space as the real body,
the brain perceived compelling evidence to generate the illusion
that the virtual body was one’s own. Body ownership during in-
body experience needs only spatial recalibration using body part-
centered reference frames [Ehrsson et al. 2004]. However, OBE
included a change in self-location concerning the real environment.
Hence, the contradictory location of the virtual body with the real
body caused a lower rating of body ownership.

The statistical analysis also revealed another significant main
effect of OBE on agency. Participants reported significantly higher
agency in 1PP than in 3PP. This aligns with a previous study’s
finding that 3PP significantly decreases the sense of agency more
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Figure 3: Left: A participant in our lab setting. Middle: The 1PP in the application, with the virtual brush stroking on the right
hand. Right: The 3PP of the application.

than 1PP [Hoppe et al. 2022]; therefore, the sense of agency was
related to motor control of the virtual body. To achieve a greater
sense of agency, predicted sensory feedback must align with actual
sensory feedback [Aoyagi et al. 2019, 2021]. Moreover, sensory-
motor integration, which includes body position mapping, was
also an essential element contributing to agency [Havranek et al.
2012; Makin et al. 2007]. In our study, the elevated virtual body’s
location in the 3PP could be the reason for the lower agency rating.
The interaction with the stroking brush was outside the motor
space in 3PP, which generated less motor control of the virtual
hand. Contrary, 1PP provided precise action cues for virtual upper
limb movements. Thus, the OBE condition received a lower agency
rating.

Interoceptive accuracy (relating to stimuli produced within an
organism, especially in the gut and other internal organs) is another
factor that could affect the sense of agency [Stern et al. 2020]. Previ-
ous studies have confirmed the relationship between interoceptive
accuracy and peripersonal space [Ardizzi and Ferri 2018]. The OBE
generated an extrapersonal space for the participants, as the virtual
body was far from their perspective. Therefore, participants rated
a lower sense of agency compared to 1PP, in which they could
experience a peripersonal space.

We also found a significant main effect of OBE on the location of
the body. Participants rated a higher location of the body in their
1PP experience. There are three OBE phenomenological charac-
teristics: disembodiment, visuospatial perspective, and autoscopic
hallucination (the impression of seeing one’s own body) [Blanke
and Arzy 2005]. Our application followed these principles and de-
signed an elevated extrapersonal perspective for participants to
observe their virtual bodies. Furthermore, location was one of the
important aspects contributing to embodiment [Gonzalez-Franco
and Peck 2018]. Therefore, it made sense for participants to pro-
vide lower ratings on the location of their virtual body compared
to those in 1PP, in which body parts were precisely tracked and
followed.

Another reason participants provided lower ratings on their lo-
cation of the virtual body was dissociation. Previous studies have
reported that OBE could induce acute dissociation in VR, which
refers to the sense of disconnection from one’s own body [van
Heugten-van der Kloet et al. 2018]. During OBE, self-consciousness

becomes abnormal, as the illusory body (virtual body) is localized
outside one’s bodily borders [Blanke and Metzinger 2009]. Further-
more, the center of awareness can bemoved outside of one’s vertical
body in 3PP [Aymerich-Franch et al. 2016; Guterstam and Ehrsson
2012]. In our case, participants in 3PP sensed spatial incongruency
because their virtual body location and their self-location were
different.

5.2 Tactile Feedback
We found several noteworthy results on the TF dimension. We
first found a significant effect on tactile sensations. Participants
reported tactile sensations in conditions with TF more often than
in conditions without TF. Our findings align with previous studies’
results [Cui and Mousas 2021a; Longo et al. 2015] that enabling
tactile feedback could generate a stronger tactile sensation. Having
tactile feedback helps people better understand their virtual body.
Hence, the participants could sense the stroke of the brush. The
synchronization of the tactile feedback increased the participants’
tactile sensations.

We also found that TF significantly affected the response to ex-
ternal stimuli. We followed the original RHI study and designed a
virtual brush that constantly stroked the virtual hand. Participants
rated their response to external stimuli higher in the TF conditions
than in the non-TF conditions. In the original RHI studies, syn-
chronous stroking with vibrotactile feedback generated a sense of
“phantom limbs” and impacted the tactile sensation on a prosthetic
limb, which caused a greater reaction to stimulation [Botvinick
and Cohen 1998; D’Alonzo et al. 2015]. The reason behind this phe-
nomenon is that vibrotactile feedback can increase proprioceptive
recognition over a fake limb [Vargas et al. 2021]. Therefore, in our
setup, the participants had a stronger sensation of the virtual brush
in the TF conditions than in the non-TF conditions.

5.3 Limitations
There were several limitations in our study that should be reported
and considered in future studies. The first limitation was that the
application contained bodily tracking with only controllers and the
HMD. Therefore, we were not able to provide rich performance on
the body animations compared to a higher-quality tracking system
with full-body trackers. We think that this could be a potential
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issue that could impact our findings. Another limitation is the
tactile feedback itself. Compared to haptic gloves and fingertip
devices, the controllers could not generate detailed feedback on
the animated brush stroke. TF quality is a crucial factor for body
illusion studies and should be improved using a better feedback
device to obtain more accurate study results [Pacchierotti et al.
2017]. Finally, we would like to mention a limitation of the task
designed for the experimental conditions. During the experiment,
the participants only had interactions with the virtual object. They
did not perform any actions to utilize the virtual body. Because
embodiment is related to motor control [Gonzalez-Franco and Peck
2018], we needed to design a more complex interaction task that
was also viable under OBE in an immersive environment to achieve
a greater SoE.

6 CONCLUSIONS AND FUTUREWORK
We conducted a 2× 2within-subject VR study to explore the effect of
OBE and TF on the sense of self-avatar embodiment. We developed
a VR application and designed observation tasks following the RHI
study procedure. On the one hand, we found that 3PP decreased
the body’s sense of body ownership, agency, and location. On the
other hand, enabling TF induced tactile sensations and responses
to external stimuli.

Besides the mentioned limitations that are worth investigating,
we would also like to explore the effects of different stimuli and
diverse visual perceptions. We are considering using other instru-
ments that can generate diverse types of stimuli to provide a more
realistic experience. In addition, we would like to modify the visual
perception instead of manipulating perspectives, such as distorting
individual body parts, to generate OBE for the participants. Such
studies can help us further understand the effect of OBE on SoE in
VR.
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