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Figure 1: This figure shows the virtual body-swapping process used in our study. The orange color indicates which avatar is

currently controlled by the participants.
ABSTRACT

Virtual reality (VR) offers various opportunities for innovative ther-
apeutic approaches, especially regarding self-related mind-body
interventions. We introduce a VR body swap system enabling mul-
tiple users to swap their perspectives and appearances and evaluate
its effects on virtual sense of embodiment (SoE) and perception-
and cognition-based self-related processes. In a self-compassion-
framed scenario, twenty participants embodied their personalized,
photorealistic avatar, swapped bodies with an unfamiliar peer, and
reported their SoE, interoceptive awareness (perception), and self-
compassion (cognition). Participants’ experiences differed between
bottom-up and top-down processes. Regarding SoE, their agency
and self-location shifted to the swap avatar, while their top-down
self-identification remained with their personalized avatar. Further,
the experience positively affected interoceptive awareness but not
self-compassion. Our outcomes offer novel insights into the SoE in
a multiple-embodiment scenario and highlight the need to differen-
tiate between the different processes in intervention design. They
raise concerns and requirements for future research on avatar-based
mind-body interventions.

“nina.doellinger@uni-wuerzburg.de

CHI °24, May 11-16, 2024, Honolulu, HI, USA

© 2024 Copyright held by the owner/author(s).

This is the author’s version of the work. It is posted here for your personal use. Not
for redistribution. The definitive Version of Record was published in Proceedings of the
CHI Conference on Human Factors in Computing Systems (CHI °24), May 11-16, 2024,
Honolulu, HI, USA, https://doi.org/10.1145/3613904.3642328.

CCS CONCEPTS

+ Human-centered computing — Virtual reality; Laboratory
experiments; Empirical studies in HCI.

KEYWORDS

Virtual reality, embodiment, self-compassion, body awareness, body
swap, perspective taking.

ACM Reference Format:

Nina Déllinger, David Mal, Sebastian Keppler, Erik Wolf, Mario Botsch,
Johann Habakuk Israel, Marc Erich Latoschik, and Carolin Wienrich. 2024.
Virtual Body Swapping: A VR-Based Approach to Embodied Third-Person
Self-Processing in Mind-Body Therapy. In Proceedings of the CHI Conference
on Human Factors in Computing Systems (CHI "24), May 11-16, 2024, Hon-
olulu, HI, USA. ACM, New York, NY, USA, 18 pages. https://doi.org/10.1145/
3613904.3642328

1 INTRODUCTION

Virtual reality (VR) and avatars find increasing use in psychother-
apeutic practices. VR systems offer diverse opportunities, encom-
passing presence in a virtual environment and facilitating diverse
perspectives and the potential for embodying differently appear-
ing virtual bodies. The exposure to such virtual bodies, avatars,
can elicit a sense of embodiment (SoE) toward them, a feeling of
incarnating it in the virtual environment [42]. Current studies on
avatar-based SoE mainly involve users embodying a single avatar
with a specific appearance. These studies investigate how the em-
bodiment of and control over different-looking avatars affects the
users’ SoE [81], their relationship to their physical body [22, 53, 83],
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or other therapy-related outcomes [15, 27]. What unifies most of
these studies is that they confront the user with a single avatar that
either looks like themselves, is slightly altered, or differs signifi-
cantly from the user’s appearance. What has been explored less so
far is what happens when users embody multiple avatars, either
successively [27] or simultaneously [36], and how such a body swap
affects self-perception in mind-body interventions.

Perspective shifts are frequently used in therapeutic scenarios
[9, 35]. Patients create distance to themselves [43] by imaginary
taking on a different perspective or taking different perspectives on
a scene by role-playing with others. We present a VR system that al-
lows body swapping in real-time. Users exchange their avatars and
perspectives with other users by a handshake. The exchange part-
ners can be in the same physical space or interact with each other
remotely. In an evaluation study with personalized photorealistic
avatars and a self-compassion meditation task, we investigate the
following: (1) Does body swapping per se, and (2) does the visibility
of the swap avatar affect the SoE towards one’s personalized avatar
and the swap avatar, interoceptive awareness, and self-compassion.
We further qualitatively elaborated on the user experience during
the body-swapping process.

Our contribution is twofold. We present a distributed body swap
system allowing for real-time perspective switches. Additionally,
we contribute new insights into the SoE toward personalized and
generic avatars during a self-compassion-oriented body swap sce-
nario and put them in the context of body perception. Virtual body
swap experiences can be an innovative milestone for all interven-
tions that work with perspective change. Therefore, we contribute
groundbreaking results for such systems’ effects and future design.

2 RELATED WORK

Increasing numbers of mental disorders, including those arising
during and after the COVID-19 pandemic [16, 46], reinforce the de-
mand for a range of intervention options beyond substance-oriented
therapy. So-called mind-body interventions, in particular, are in-
creasingly the focus of attention in treating mental disorders [73].
Mind-body interventions, also referred to as mind-body therapy,
mindfulness-based therapy, or meditation-based interventions, are
a broad field of therapy forms under the guise of connecting mind
and body, creating conscious self-awareness, and increasing mind-
fulness [34, 77].

While mind-body interventions have not always been part of
conventional medicine, in recent decades, more and more evidence
of their efficacy in the treatment of mental disorders has emerged,
making them an increasing part of the therapeutic landscape along-
side traditional psychotherapy and drug-oriented medicine [77].
While some are rooted in ancient practices, most modern mind-body
interventions are based on the philosophical approach of the theory
of embodied cognition. Similar to approaches like somaesthetics
by Shusterman [65] and somaesthetic design, which combines em-
bodied cognition with aesthetics, they take a holistic approach to
the design and structure of therapeutic exercises. They treat the
body, the soma, both as a means of expression and as the basis of all
perceptions and thoughts. Grounded in the relationship between
mind, body, and behavior, these interventions aim to strengthen the
positive effects between those [77]. While the specific methods are
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diverse, mind-body interventions usually include a combination of
conscious physical movement exercises, mindfulness or meditation
practices, and body-based attention exercises, including breathing
techniques.

2.1 Mind- and Body-Oriented Self-Related
Processes

How mind-body interventions affect therapeutical outcomes can
be explained by self-related processes [12]. These processes can
be roughly classified into three categories: pre-reflective embod-
ied, cognitive-conceptual, and processes supporting self-regulation
by combining perceptive and cognitive processing characteristics.
Britton et al. [12] assign the self-related processes to a continuum
between a more embodied “self as subject” and a more conceptual
“self as object”. The more body-oriented processes, including in-
teroception, sense of agency, sense of body ownership, sense of
boundaries, and perspectival self (or self-location), occur here un-
der the umbrella of embodiment and align with the self as subject.
The more cognitive or mind-related processes, including narrative
self, self-criticism, self-compassion, self-evaluation, self-esteem,
and rumination, occur under the conceptual self or self as object.

It is important to emphasize that framing embodiment as pre-
dominantly perceptual is not necessarily exhaustive. Embodiment,
too, has been described as a dual experience of perceiving and be-
ing perceived, both as something that we are (being a body, the
body as subject, similar to the self as subject) and that we own
(having a body, the body as object, similar to the self as object) [41].
This understanding of embodiment aligns more with an alterna-
tive, body-centric description of the overall self-related processes.
However, in this work, we adopt the definition of Britton et al. [12]
to delineate different internal processes.

Mind-body interventions can positively modify a range of self-
related processes and, in turn, affect their interrelation. How these
self-related processes mediate between the respective intervention
method and its therapeutic goal has yet to be thoroughly inves-
tigated. For some cognition-related processes, relationships have
already been identified. Notably, reducing rumination is associated
with improved outcomes for mental health. Other processes, such
as self-compassion, have been indicated to have a positive rela-
tionship with well-being [12]. Concerning the more body-related
processes, the available data is thinner.

However, while they do not necessarily explain the mediative
role of embodied self-related processes, some studies highlight the
effects of mind-body interventions on them. For example, Dambrun
et al. [18] found an effect of mindfulness meditation practice on the
sense of self-location. Hanley et al. [39] found a decreasing effect
of meditation exercises on perceived body boundaries.

2.2 Taking Perspectives on the Self

One method to investigate the possible effects of embodied self-
related processing on further outcomes is to transfer the experience
to VR. VR allows us to experience the body in a new way by changes
in appearance, body shape, and movement of an embodied avatar,
changes in the perspective on the supposedly “own” avatar, and
so on. Hence, various possibilities exist to impact body-related,
perceptual self-related processes in VR.
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Beyond VR-based meditation applications without visual body
representations24, the embodiment of virtual bodies, so-called
avatars, as a possibility for self-re ection has been repeatedly pro-
posed in recent yearsl[7, 25 58. This includes exploring perspec-
tive changes or out-of-body simulations in VR, transitioning from a
rst-person perspective (1pp) of oneself to a third-person perspec-
tive (3pp) or another virtual character. For instance, Osimo et al
[58] and Slater et al[66] investigated virtual self-counseling. Sub-
jects switched perspectives between their virtual selves, an avatar
designed to resemble them, and a virtual representation of Sigmund
Freud. This body swap increased the perceived support of the con-
versation compared to swapping between two self-avatars or even a
pre-scripted conversation with Sigmund Freud. The authors explain
this e ect by the distance gained by switching to the Freud avatar.
However, they did not investigate whether a perceptual distance to
self-perception had actually arisen, for example, through a change
in self-location or interoception.

Falconer et al[27] provide another example of virtual perspec-
tive in self-related processing. In a self-compassion exercise with
depression patients, they investigated the e ect of transitioning
from an adult to a child avatar. Subjects reported increased self-
compassion, reduced self-criticism, and reduced depression symp-
toms. However, no comparison was made to a condition without
body swapping or between di erent embodiment conditions. In
an augmented reality self-compassion exercise, Cebolla. ¢15]
showed that shifting perspective to another person, gaining an
outside view of one's body during a self-compassion meditation, af-
fected subjects' interoception, self-compassion, and overall mindful-
ness, comparable to the results of a meditative imagination exercise
Finally, LandaU44] presented a method for virtual self-encounter
and embodiment of another person via 38@deos. Based on a con-
ference demonstration, they reported some positive e ects, mean-
ingful moments, and altered body perception.

As an interim conclusion, these rst studies show the potential
of body swapping for therapeutical aims. Past research has shown
that the embodiment of an avatar can a ect the user's experience
and behavior. To fully understand how body swapping and the
sequential embodiment of multiple avatars in VR contribute to the
future of mind-body interventions, it is crucial to investigate the
e ects on therapy-relevant variables. However, measuring these tar-
get variables covers only part of the possible e ects of a body swap
scenario. Examining moderating variables is necessary to pinpoint
what mechanisms might lie behind them. Following approaches
to systematically investigate the relationship between speci ¢ VR-
related behavior mechanisms and therapy-relevant measusés [
our work aims at two sets of variables. We investigate the e ects of a
body-swap scenario on self-related processes mediating mind-body
interventions, both on a perceptual (e.g., interoception) and a cog-
nitive layer (e.g., self-compassion). Additionally, we target gaining
new insights into how users perceive the two sequentially embod-
ied avatars, highlighting e ects on the SoE. Finally, we combine
these two sets of variables and examine how they are related.
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2.3 Embodied Self-Related Processes in Virtual
Body Swapping
2.3.1 Sense of Virtual Embodimérite SoE can be deduced from
embodied self-related processes and transfers them to the process-
ing of avatars. SoE, too, di erentiates between body ownership
(sense of virtual body ownership, VBO), agency (sense of agency
over the avatar), and perspectival self (sense of self-location in
the avatar) . Moreover, the SoE is often extended by further
perceptual components, including self-attribution (the extent to
which one nds oneself re ected in the avatar), change (the extent
to which one feels that the avatar has an impact on the self), or
self-similarity (the extent of similarity perceived between oneself
and the avatar).

Various studies have investigated which factors enhance or re-
duce SoEjJ2 81]. For example, the VBO is a ected by the similarity
between avatar and user, the degree of realism, and especially by
personalization 2 81]. Conversely, the sense of agency is in u-
enced by the accuracy with which the avatar follows the user's
movements or by the time spent in VRBY. Regarding the per-
spective on the avatar, a 1pp seems to be more critical than a 3pp
[20. Prolonged mirror exposure does not consistently increase
SoE pZ. Yet, confronting users with their mirror image during
body movements is a common method to accustom them to their
virtual appearance§d. Considering a body swap's potential to
stimulate higher-level self-related processes, it is reasonable to con-
sider such events' in uence on the perceptual level of self- and
avatar-processing.

In the body-swapping studies cited above, the focus concerning
the SoE was predominantly on the acutely controlled avatar. Studies
examined whether participants experience a SoE toward a virtual
Freud b8 66, a virtual inner child [ 27, or the experimenter 15.
However, the avatar, which participants embody rst, is introduced
by appearance or framing as the current self-avatar . Itis, thus, the-
matically closer to the participants. Hence, it is crucial to consider
how the relationship to this self-avatar changes through the body
swap and how it potentially a ects other self-related processes.

The impact of embodiment or exposure to two avatars simultane-
ously or in short successive intervals is part of the current research
on SoE. For example, Guterstam et[86] reported a dual full-
body ownership illusion and a dual self-location with proximate
avatars presented from 1pp. Similarly, Verhulst et [&18] observed
parallel motor adaptation to two avatars controlled in short alter-
nation, di ering slightly in movements from the participants and
each other. Other studies have used perspective changes on a single
avatar [17, 31]. However, subjects in these studies retained control
over the movements of the di erent avatars at all times, possibly
limiting the association of external perspective change with dis-
tancing from the self-avatar. Additionally, most of these studies
did not focus on self-related processes in a mind-body-oriented
scenario. Building on the existing research, we pose four research
questions regarding the SoE:

RQ 1.1:Does a virtual body swap a ect SoE toward a personalized
self-avatar?

RQ 1.2:Does the visibility of a swap avatar a ect the SoE toward
the personalized avatar?
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RQ 1.3:Do participants experience SoE toward a non-personalized
swap avatar while their personalized avatar is visible in
the same virtual space?

RQ 1.4:In body swapping, how does the SoE toward a personal-
ized avatar relate to self-related processes?

2.3.2 InteroceptioBesides the self-related processes within SoE,
interoception is already part of di erent investigations in avatar
embodiment. Interoception involves processing and integrating
signals from within the body. Originally centered on awareness
of bodily needs, the subjective interpretation of bodily signals has
come into focus over the last few years. According to a de nition
by Gar nkel et al. [32], di erent facets of interoception can be dis-
tinguished. On the one hand, interoceptive accuracy describes the
accuracy with which physical signals can be detected. Interoceptive
awareness is the subjective perception of being in contact with
the body signals. Interoceptive sensibility is the subjective con -
dence regarding interoceptive accuracy. Regarding its therapeutic
relevance, interoception is the most studied construct among the
perceptual-oriented self-related process&g|[ Low interoception

is frequently associated with symptoms for body image disorders
[11, 13, but has also been shown to a ect pain manageme8t19

or self-harm Bg. Among others, interoception is mentioned as a
driver of mind-body interventions $9 or as a mediator for higher-
cognitive self-related processes, including self-compassion [4].

A reciprocal relationship between interoception and embodi-
ment processing with arti cial or virtual bodies has been estab-
lished several times. Individuals with high interoceptive accuracy
are less willing to engage with an unfamiliar body and report lower
VBO [29 51, 63. Conversely, compared to a real-world exercise,
Ddllinger et al [22] reported that realistic avatar embodiment could
negatively a ect interoceptive awareness. However, within a vir-
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as openness to and compassion for one's su ering, feelings of car-
ing and kindness toward oneself, an understanding, nonjudgmental
attitude toward one's shortcomings and failures, and recognition
that one's own experience is part of the general human experience
[54). Mind-body interventions positively impact self-compassion
[17. While a positive e ect of self-compassion in the clinical con-
text has been inconsistently evidencet], self-compassion and
self-compassion exercises are part of various current mind-body
interventions [33, 45, 71].

Changing perspective into a caretaker or experimenter's point
of view can increase self-compassiatf 27). Exploring the e ects
of a body swap starting from a personalized avatar can expand on
these results. Additionally, whether swapping into a di erent avatar
is bene cial or whether a simple outside perspective provides more
support for self-compassion has yet to be investigated. In our work,
we, therefore, address the following questions on self-compassion:

RQ 3.1: Does a virtual body swap a ect self-compassion?
RQ 3.2:Does the visibility of a swap avatar a ect self-compassion?

2.5 Contribution

We present a distributed multi-user system allowing real-time body
swapping and using photorealistic personalized avatars to maxi-
mize user-avatar similarity. Our study focuses on the evaluation of
this system. Twenty participants performed a virtual body swap,
followed by a self-compassion meditation. The swap partner was
an unfamiliar assistant experimenter. The swap avatar was either
an invisible entity (de-embody) to reduce the processing expense of
being confronted with two avatars or a gender-matched, unfamiliar
peer (re-embody). The research question-guided evaluation aimed
to determine the pre-post e ects of body swapping (swap e ect)
and of swap avatar visibility (condition: de-embody vs. re-embody)

tual experience, an increased VBO towards an avatar has been on SoE towards the personalized and the swap avatar (RQ 1.1-1.3).

associated with increased interoceptive accura2g or increased
interoceptive awarenesslp 23 25. Regardless of the measure,
interoception during avatar or arti cial body part embodiment is
signi cantly a ected by how an SoE is targeted. This is evident
in studies of visuo-tactile congruenc@, in which interoception
bene ted from congruence. It also becomes apparent in studies of
avatar appearance, in which anthropomorphism has been found to
support interoception [50] .

So far, studies on the e ects of the perspective of a personalized
avatar on SoE and interoception have only added a virtual mirror
[22 with little to no e ect on interoception, besides a minor shift in
focus toward the mirror image. However, simultaneously process-
ing two avatars in a body-swapping scenario could distract from
one's body. So far, it has yet to be investigated how the embodiment
of two di erent avatars in a short sequence impacts interoception.
Hence, in this work, we pose the following research questions:

RQ 2.1: Does a virtual body swap a ect interoception?
RQ 2.2: Does the visibility of a swap avatar a ect interoception?

2.4 Virtual Reality and Conceptual Self-Related
Processes: Self-Compassion

One concept that appeals in the eld of mind-body-oriented virtual
perspective-taking is self-compassion. Self-compassion is de ned

We explored the relationship between SoE toward the personalized
avatar and the two involved self-related processes, interoceptive
awareness and self-compassion (RQ 1.4). We investigated the e ects
of the swap and condition on interoceptive awareness (RQ 2.1-2.2)
and self-compassion (RQ 3.1-3.2). Finally, we used semi-structured
gualitative interviews to investigate the user experience of the body
swap, avatars, and VR exercises.

3 SYSTEM DESCRIPTION

3.1 Avatars

The avatars were generated following the methods outlined in the
work by Bartl et al [7] and a photorealistic avatar reconstruction
pipeline similar to that introduced by Achenbach et §1]. We em-
ployed a custom multi-DSLR camera setup to capture photos of each
angle of the participant simultaneously. These photos served as the
basis for creating a dense point cloud representation of the partici-
pant's body using Agisoft Metashap@][ Subsequently, we applied

a fully rigged template mesh from Autodesk Character Generator
[3] to tonto the point cloud. on which we applied a fully rigged
template mesh. Finally, a personalized photorealistic texture was
generated, including the addition of generic hand textures to match
the participant's characteristics. For the body swap, we created one
female and one male avatar representing the swap partner using the
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