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Abstract
Virtual reality (VR) allows to embody avatars. Coined the Proteus
effect, an avatar’s visual appearance can influence users’ behavior
and perception. Recent work suggests that athletic avatars decrease
perceptual and physiological responses during VR exercise. How-
ever, such effects can fail to occur when users do not experience
avatar ownership and identification. While customized avatars in-
crease body ownership and identification, it is unclear whether
they improve the Proteus effect. We conducted a study with 24
participants to determine the effects of athletic and non-athletic
avatars that were either customized or randomly assigned. We de-
veloped a customization editor to allow creating customized avatars.
We found that customized avatars reduced perceived exertion. We
also found that athletic avatars decreased heart rate while holding
weights, however, only when being customized. Results indicate
that customized avatars can positively influence users during phys-
ical exertion. We discuss the utilization of avatar customization in
VR exercise systems.

CCS Concepts
• Human-centered computing → Virtual reality; • Applied
computing → Computer games.
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1 Introduction
Physical inactivity has emerged as a global public health concern,
contributing to various chronic diseases and overall deterioration
of well-being [106]. Many people around the globe do not meet the
recommended levels of physical activity and those who start exer-
cising typically drop out within the first months [55, 59]. Leveraging
immersive technology such as virtual reality (VR) has become a
promising approach to tackle physical inactivity and increase ex-
ercise adherence [24, 110]. Therefore, immersive exercise systems
and fitness applications received increased attention and aim to
motivate people by eliciting enthusiasm during physical exertion
and promoting a healthier lifestyle [40].

A crucial component of VR experiences is the avatar—the users’
digital self-representation. Modern VR technology allows users to
experience the avatar as their own body resulting in a phenomenon
commonly known as the body ownership illusion (BOI) [41, 47].
This illusory sensation of embodying a virtual avatar is typically
induced using motion capture so that users’ motions are registered
and transferred onto the avatar in real time [41, 90, 98]. When
users move their limbs, the avatar’s equivalent limbs mimic this
motion creating the perceptual illusion of having a foreign body.
As VR allows displaying the avatar in all possible ways, the user
can, therefore, embody all imaginable appearances with different
characteristics than the own body [44].

Interestingly, previous work found that the avatars’ visual char-
acteristics can change how users behave and perceive the surround-
ing environment [44, 108]. Yee and Bailenson [108] showed that
users embodying attractive avatars behaved more confidently while
talking to a confederate in VR. The authors termed this phenome-
non the Proteus effect. This effect could also be evidenced during
exergames. Peña and Kim [80] showed that users playing virtual
tennis on a Wii Fit using a normal weight avatar were physically
more active than when operating an avatar the authors dubbed
obese. Similarly, Kocur et al. [48] revealed that muscular avatars
can decrease the perception of effort during exercise in VR. As the
perception of effort is a barrier to regular physical activity [65],
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these �ndings suggest that the avatars' appearance can be lever-
aged to make more e�ective immersive �tness applications [44].
However, there is empirical evidence that the Proteus e�ect can
also fail to occur when neglecting important moderators [5, 49, 74].

Kocur et al. [49] found that athletic avatars do not necessarily
a�ect the perception of e�ort and heart rate responses positively
while cycling inVR. The authors argue that the users had a reduced
body ownership and identi�cation with the avatars that made the
Proteus e�ect fail to occur. This is in line with Praetorius and
Görlich [81] who assumes that the magnitude of the Proteus e�ect
and whether this phenomenon occurs at all depends on the extent of
the experienced body ownership and how strong users can identify
with the avatars [81]. Banakou et al. [5], for example, found that
the Proteus e�ect is extinguished when the avatar do not move in
synchrony due to a reduced sensation of body ownership. To avoid
that an avatar's e�ects fail to occur, it is important to �nd ways
to increase the probability of successfully inducing the Proteus
e�ect and amplify its magnitude by augmenting the sense of body
ownership and identi�cation with the avatars.

Prior research showed the bene�ts of allowing users to customize
their avatars such as enhanced body ownership sensations [67].
Birk et al. [13], for example, found that customized avatars can in-
crease avatar identi�cation and intrinsic motivation while playing
an in�nite runner on a non-immersive display. Koulouris et al. [56]
revealed that customized avatars enhanced user identi�cation and
exercise performance while cycling in a VR exergame. While these
�ndings suggest that customized avatars contribute to a higher
sense of identi�cation and embodiment, it is still unknown whether
they also result in an ampli�ed Proteus e�ect. If customized avatars
can increase the Proteus e�ect resulting in enhanced exercise per-
formance and reduced perceptual and physiological responses to
physical e�ort, designers and developers could allow users to cus-
tomize their avatars instead of assigning prede�ned ones to leverage
the Proteus e�ect and create more e�ective �tness applications.

In this paper, we conducted a study with 24 participants to deter-
mine the e�ects of avatars with two levels of athleticism that were
either customized or randomly assigned. We measured the e�ects on
participants' perceptual and physiological responses as well as their
physical performance. To allow users to customize their avatars,
we developed aVRcustomization editor. Hence, users embodied
athletic and non-athletic avatars that were either customized or
randomly assigned while performing physically demanding tasks.
We found that athletic avatars signi�cantly reduced the heart while
holding weights, however, only when being customized. We also
show that the athletic as well as the customized avatars decreased
the perception of e�ort. The �ndings indicate that avatar customiza-
tion can positively a�ect users' physical performance as well as
perceptual and physiological responses during exercise. Results also
suggest that avatar customization can augment the Proteus e�ect
on physiological responses. We discuss our �ndings in the light of
the Proteus e�ect and how they can be utilized for VR exercise and
�tness applications. We also contribute with aVRcustomization
editor that allows to create individualized avatars while embodying
them.

2 Related Work
Our work builds on previous �ndings about the Proteus e�ect in
physical settings and beyond. In the following, we �rst describe how
users can experience the illusory sensation of embodying avatars.
Afterward, we discuss work on the avatar customization and how
it contributes to a closer avatar-user connection. Finally, we give
an overview of the Proteus e�ect and its signi�cant moderators.

2.1 Body Ownership Illusions
One remarkable capacity of the human brain lies in its ability to
reconcile con�icting information from multiple senses, generating
illusions that shape our perception of the world. This capability
enables humans to interpret and experience their surroundings in
ways that diverge from objective reality [41, 67].

Optical illusions fascinated humans since millenia. Aristotle al-
ready described that touching a small pea between two crossed �n-
gers induced the tactile sensation of touching two di�erent peas [2].
More recent perceptual illusions such as the Pinocchio illusion [58]
or the popular rubber hand illusion (RHI) [17, 88] demonstrate how
our brain can be tricked into perceiving other body parts or arti�-
cial limbs as our own. In theRHI, �rst demonstrated by Botvinick
and Cohen[17], the act of simultaneously stroking one's actual
hand while observing a rubber hand causes humans to accept the
arti�cial limb as part of their own body. This phenomenon has
been explained by an integration of information from di�erent
senses during a single event. Our brain uni�es the information into
a cohesive perception [27, 33].

Despite apparent con�icts between visual input (seeing the rub-
ber hand being stroked), tactile sensations (feeling the stroking on
one's actual hand), and proprioception (the awareness of the hand's
position), the brain adeptly resolves these con�icts. The result is a
coherent and robust perceptual experience [28]. Consequently, the
brain produces the illusion of ownership over arti�cial limbs, such
as a rubber hand or even entire bodies, a phenomenon commonly
referred to as the BOI [41, 98].

Petkova and Ehrsson[79], for example, showed that by applying
visuo-tactile synchrony � a synchrony between touch and vision
� the perception of a body swap can be induced. This induction
method was also used to create the sensation of embodying an
empty space resulting in an out-of-body experience [26]. While
these illusions are just few of many examples that were induced
in the real world [41], VRhas become a promising technology to
create the feeling of embodying a computer-generated body.

VRenables the creation of perceptual experiences that are hardly
feasible or even impossible to replicate in real-world environments.
In VR, researchers can move beyond conventional visuo-tactile
synchrony and explore alternative methods to induce bodily il-
lusions. Utilizing tracking devices and advanced motion capture
technologies, the movements of users can be accurately recorded
and translated onto the virtual skeleton of an avatar, establishing a
visuo-motor synchrony � a synchrony of movements between the
physical body and the virtual representation. Sanchez-Vives et al.
[93], for example, demonstrated the induction of a virtualRHIsolely
through visuo-motor synchrony, without the need for tactile stim-
ulation. Participants in their experiment could move their actual
hand and �ngers, observing the virtual hand react synchronously.
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Since then, there have been numerous manifestations of full-body
illusions demonstrating that users could even accept virtual bod-
ies with visual attributes signi�cantly divergent from their own
physical selves. Examples included avatars that indicated having
a di�erent gender [96, 98] or body composition [30, 39, 53, 71], a
much younger appearance [5], an older appearance [7], or even a
di�erent skin color [6, 31].

2.2 Avatar Identi�cation
Typically, game designers and researchers provide players with
a virtual body using avatars � virtual characters that represent
users in virtual worlds [8]. The term avatar is derived from the
Hindu term �avatara� which refers to the descent of a deity on
earth in terrestrial shapes [77]. According to Banks[8], in games
users metaphorically descent into the virtual world by taking on
digital bodies in terms of avatars. Hence, an avatar acts as the digital
self-representation of players that is under their control during the
game experience [44, 72].

Beside the perceivedBOI, another important quality metric of
the avatar experience is the sense of identi�cation with the avatar.
Van Looy et al. [102]postulates that avatar identi�cation can be de-
�ned as a shift in self-perception that makes players consider their
identity in the game as "I" and the virtual world as "where". Players,
therefore, virtually turn into the avatar and experience in-game
events as they were really happening to them [42]. In line with
self-determination theory that is frequently used as a framework
on how to design engaging games [13, 91], using avatars that play-
ers can identify with satis�es the need of relatedness, i.e., feeling
connected to the avatar and others. Therefore, an increased avatar
identi�cation can result in a better overall game experience [10, 82],
motivation [13], physical activity and arousal [85], as well as in-
game performance [56, 84].

Van Looy et al. [102]subdivided avatar identi�cation into three
dimensions: similarity identi�cation, wishful identi�cation, and em-
bodied presence. These dimensions are inspired by self-discrepancy
theory [32] postulating that one's self-concept consists of di�erent
components: the actual self (i.e., traits that an individual believes to
possess), the ideal self (i.e., traits that an individual ideally wants
to possess), and the ought self (i.e., traits that an individual be-
lieves they ought to possess). To achieve a high degree of avatar
identi�cation, these di�erent selves need to be considered in the
avatar design process. The more similar the avatar is to their player,
the better they can identify with the avatar resulting in a stronger
bond between both [20]. Similarity does not necessarily refer to the
visual appearance only but also includes personality, attitudes, and
beliefs [20, 102]. Wishful identi�cation refers to the ideal version
of oneself with attributes that are desirable and players would typ-
ically like to possess in the real world [99]. Previous work found
that players who embodied idealized avatars were more satis�ed
and connected with their virtual characters [25, 37]. Similar toBOI,
embodied presence refers to the sense of being present in the virtual
world while being embodied in the avatar [102].

To foster identi�cation with avatars in games and o�er a more
inclusive experience, many video games (particularly role-playing
games) allow users to individually customize their avatar and ex-
press themselves [100]. In World of Warcraft[15], for example,

players can choose the appearance, skills, and traits of their virtual
characters. Another popular example is the open-world role-playing
gameCyberpunk 2077[18], where players can modify their avatar
using an extensive and detailed customization editor. Prior research
found that customized avatars enhance body ownership, identi�ca-
tion, and the overall game experience [13, 87, 111]. Koulouris et al.
[56] also showed that customized avatars re�ecting a realistically
better version of oneself improved physical performance while
playing an exergame on a stationary bike. Interestingly, the authors
showed that idealized avatars with characteristics that were non-
achievable for the embodying users increased self-discrepancy re-
sulting in deteriorating e�ects. While customization seems promis-
ing to increase body ownership and identi�cation, the e�ects of
customized avatars shown in previous work are not entirely under-
stood.

Overall, designers aim at inducing a strong sense of body own-
ership and avatar identi�cation to create vivid and embodied expe-
riences in games and virtual worlds [44]. The experience of body
ownership is rather driven by cognitive mechanisms processed in
a bottom-up manner, i.e., the fusion of single incoming sensory
information across di�erent modalities [3, 28]. Avatar identi�ca-
tion arises when top-down concepts related to the avatar �t the
self-concepts of the player. Hence, identi�cation is mainly driven
by top-down mechanisms based on prior knowledge and experi-
ences, e.g., stereotypes [29, 104]. However, the precise mechanisms
underlyingBOIs and identi�cation are yet not fully clari�ed and
require further investigations.

2.3 Proteus E�ect
The Proteus e�ect, as revealed by Yee and Bailenson[108], refers to
the phenomenon where users' perception and behavior in virtual
environments are in�uenced by the appearance of their avatars.
Yee and Bailenson[108]showed that users embodying attractive
avatars exhibited increased con�dence in social interactions com-
pared to those with less attractive avatars. This e�ect stems from
users associating stereotypical characteristics with their avatars'
appearance, subsequently leading to changes in behavior, attitude,
and perception [11, 44, 83, 109].

One plausible explanation for the Proteus e�ect draws on self-
perception theory, suggesting that individuals modify their behav-
ior and attitudes based on their self-perception [9]. Users adapt their
behavior and attitudes in response to the characteristics, stereo-
types, and features associated with their avatars' visual appearance.
Numerous studies have demonstrated this phenomenon: older-
looking avatars in�uencing walking speed [86], muscular avatars
enhancing physical performance [46, 48], and a sweaty appearance
could a�ect perceived exertion [45].

Several studies point to avatars in�uencing users' performance,
with cognitive enhancements observed using an Einstein avatar [7,
52]. Improved physical performance was demonstrated in scenar-
ios such as typing and weightlifting, where avatars with speci�c
attributes positively impacted users' abilities [43, 46, 48]. Inter-
estingly, the similarity between the user and avatar, rather than
speci�c characteristics, has also been linked to enhanced physical
activity [56, 69, 84].
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A recent study by Kocur et al. [49]showed that the Proteus e�ect
can fail to occur when certain conditions are not met. In a VR experi-
ment, athletic avatars could not a�ect perception of e�ort and heart
rate responses while cycling an ergometer bike [49]. The authors
argue that a reduced experienced embodiment and identi�cation
with the avatars are responsible for the absence of the Proteus ef-
fect. This is in line with Osimo et al. [74] who showed that avatars
have a stronger cognitive in�uence when their move synchronously
with the users' motion compared to an asynchronous movement.
Similarly, Banakou et al. [5] found that visuo-motor asynchrony
can extinguish e�ects originated from the avatar's appearance. For
this reason, Kocur et al. [51] proposed to investigate embodiment
time as a moderator of the Proteus e�ect, as previous work found
that the longer one embodies foreign limbs the higher the degree
of perceived body ownership [101]. In this vein, Navarro et al. [69]
revealed that avatars displaying the users' face have a stronger
in�uence on users' physical performance while running on a tread-
mill compared to avatars having a stranger's face. While the results
suggest that the Proteus e�ect could depend on the extent of avatar
identi�cation as well as experienced body ownership, a systematic
investigation is still missing.

2.4 Summary
Previous research demonstrated a phenomenon known as the Pro-
teus e�ect, which describes behavioral, perceptual, and attitudinal
changes based on the avatars' visual appearance. Research found
that muscular and athletic avatars can improve physical perfor-
mance during physically demanding tasks in VR. However, such
e�ects can fail to occur when users experience a reduced sense of
body ownership and identi�cation with the avatar. While customiz-
ing avatars is known to increase body ownership and identi�cation,
it is still unknown whether customized avatars indeed augment
the Proteus e�ect. Consequently, the impact of customized avatars
on the Proteus e�ect and users' perceptual and behavioral changes
remains unclear.

3 Method
We conducted a study to examine the interplay between customized
avatars and their athletic appearance. While previous work showed
that generic athletic avatars can reduce physiological and percep-
tual responses [46, 48], we hypothesize that this e�ect can be en-
hanced when athletic avatars are customized instead of randomly
assigned. We, therefore, aim to disentangle the perceptual and phys-
iological e�ects of customized avatars and the e�ects of athletic
avatars during physical exertion in VR. Consequently, participants
embodied athletic and non-athletic avatars that were either cus-
tomized by themselves or by another participant. Speci�cally, we
explore how both customized and randomly assigned avatars, with
either athletic or non-athletic appearances, a�ect physical perfor-
mance, perceptual responses, and physiological reactions during
exercise in VR. Additionally, body ownership, avatar identi�cation,
self-perceived �tness, and sense of presence are assessed to account
for potential moderating factors [49, 81].

Based on the Proteus e�ect [46,48,109] and potential moderators
such as body ownership and avatar identi�cation [7, 81], the study
therefore tested the following hypotheses:

� Hypothesis 1 (H1): Athletic avatars reduce the perception
of e�ort and physiological responses, and improve physical
performance during physical exercise in VR.

� Hypothesis 2 (H2): The e�ects of avatar customization and
athleticism on perception of e�ort, physiological responses,
and physical performance during physical exercise in VR in-
teract. Speci�cally, we hypothesize that athletic avatars have
a greater e�ect when being previously customized compared
to randomly-assigned avatars.

3.1 Study Design
We investigate the e�ects of avatar customization and athleticism
on physical performance as well as perceptual and physiological
responses during exercise inVR. We conducted a study with two
independent variables and followed the approach by Kocur et al.
[48] by using a repeated-measures design to cancel out individual
di�erences and reduce unsystematic variance. The �rst independent
variable isCustomization with the two levelscustomizedand
randomized. The second independent variable isAthleticism with
two levelsathleticandnon-athletic. Participants therefore embodied
customized and randomly assigned avatars with di�erent levels of
athleticism while performing physical exercises. To reduce order
e�ects, we counterbalanced the order of the four conditions using
a 4*4 Latin square.

3.2 Measures
We assessed the subjective perception of e�ort using the well-
established Borg rating of perceived exertion (RPE) scale [16] while
holding weights and performing biceps curls (see Fig. 1). We also
continuously recorded the heart rate during the tasks and measured
the physical performance by counting the number of curls. Another
task was the reaction wall, where participants engaged in a reaction
wall game that is frequently used as a playful way to train one's
agility, speed, and coordination in a range of domains [35, 38, 61].
In this task that took 45 seconds, we used the number of correct
hits to operationalize physical performance.

3.2.1 Perceived Exertion.We assessed the perceived exertion while
participants were holding weights and during the biceps curls. The
RPE scale was designed to increase linearly with exercise inten-
sity and consists of 15 grades from 6 to 20. Every second grade
is combined with a textual representation of the intensity, e.g. "7"
stands for "very, very light" and "19" for "very, very hard" [16]. A
rough estimation of the current heart rate can be calculated by
multiplying each grade by 10, e.g., an intensity of 8 approximately
matches a heart rate of 80.

3.2.2 Heart Rate.The heart rate is frequently used as a valid pre-
dictor for one's level of physical �tness [73]. We measured the HR
using an optical HR monitor worn at the participant's forearm (Po-
lar OH1, Polar Electro, Finland). We continuously assessed the HR
while participants were holding weights and performing biceps
curls.

3.2.3 Physical Performance.We assessed physical performance for
the biceps curls and reaction wall game. For the biceps curls, we
counted the number of curls throughout the duration of the task
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