
Physiological and Perceptual Effects of Avatars’ Muscularity 
while Rowing in Virtual Reality 

Martin Kocur 
University of Applied Sciences Upper 

Austria 
Hagenberg, Austria 

martin.kocur@fh-hagenberg.at 

Thomas Noack 
University of Regensburg 
Regensburg, Germany 

thomas.noack@stud.uni-
regensburg.de 

Valentin Schwind 
Frankfurt University of Applied 

Sciences 
Frankfurt, Germany 

valentin.schwind@fb2.fra-uas.de 

Johanna Bogon 
University of Regensburg 
Regensburg, Germany 
johanna.bogon@ur.de 

Niels Henze 
University of Regensburg 
Regensburg, Germany 
niels.henze@ur.de 

ABSTRACT 
Virtual reality enables embodying different avatars. Coined the Pro-
teus effect, previous work found that the visual characteristics of 
an avatar can cause behavioral, attitudinal, and perceptual effects. 
Recent work suggests that avatars’ muscularity can even have phys-
iological effects while cycling in virtual reality. As the effects have 
not been replicated it is, however, unclear how robust they are and 
if effects are limited to specific activities, such as cycling. Therefore, 
we conducted a study to understand if avatars’ muscularity also 
causes physiological and perceptual effects for other tasks and if 
the effects can be replicated. 16 participants embodied a muscu-
lar and a non-muscular avatar while rowing on an indoor rower. 
We found that over time participants’ heart rates increased signifi-
cantly slower when embodying a muscular avatar compared to a 
non-muscular avatar. While not significant, descriptive statistics 
suggest the same trend for perceived exertion. Overall, the results 
confirm previous findings and support the conclusion that avatars 
can cause physiological effects for a range of physical activities. 

CCS CONCEPTS 
• Human-centered computing → Haptic devices; Virtual re-
ality. 
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1 INTRODUCTION 
In recent years, using virtual reality (VR) for physical exercises 
received increased attention. Immersive exergames or fitness ap-
plications such as Beat Saber [5] gained popularity and have been 
rated as one of the best games for VR [44]. This suggests that 
users are willing to physically exert themselves while being im-
mersed in virtual worlds. Previous work showed that exercising 
in VR can increase physical activity, motivation, and exercise ad-
herence [16, 36, 43]. Consequently, VR is a promising technology 
to promote physical activity and create effective exercise environ-
ments [9]. 

Researchers and designers of VR exercise applications can use 
avatars—virtual characters that represent the user in computer-
generated environments—to create embodied experiences and en-
able intuitive interaction. In 2007, Yee and Bailenson [64] revealed 
that the visual appearance of avatars can cause users to change 
their behavior. This phenomenon was termed the Proteus effect. 
The authors showed, for example, that attractive or tall avatars 
can enhance users’ self-confidence while being immersed in VR 
resulting in behavioral changes such as increased extraversion or 
aggressive bargaining [64, 65]. Since these seminal experiments, 
the Proteus effect has been reported in a variety of different con-
texts [12, 28, 48, 49]. 

Recent work documented that avatars can influence users’ per-
ceptual responses during physical exercise. Kocur et al. [31] showed 
that muscular avatars reduced the perception of effort while holding 
weights for a certain amount of time. In another study, Kocur et al. 
[25] revealed that sweaty avatars can also decrease the perception 
of effort while cycling. There is also empirical evidence suggesting 
that athletic avatars might even reduce users’ heart rate while cy-
cling [27]. These findings suggest that avatars can be harnessed to 
make users perceive exercises and workouts less intense while the 
actual workload remains the same [42]. For designers and devel-
opers of immersive exercise systems, such findings are promising 
as they suggest that avatars can be used as a tool to create more 
effective exercise environments. 

Indoor rowing is an effective and popular full-body exercise per-
formed at gyms [53, 62]. Recently, multiple rowing VR exergames 
and fitness applications have been developed (e.g., [47, 58, 63]). As 
rowing is a highly intense and physically demanding activity, such 
applications could also benefit from high-performing avatars to 
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reduce perceptual and physiological responses. Furthermore, users 
can constantly perceive most of their virtual bodies while rowing 
due to the seating position and body posture in an indoor row-
ing device. This could possibly amplify a muscular avatar’s effects. 
However, it is currently unknown whether such effects also occur in 
other types of exercise. To date, effects on perceived exertion have 
mainly been shown for tasks such as holding weights [31, 38, 39] 
or cycling on a stationary bike [25, 32]. As rowing is different from 
cycling and other types of exercises regarding the execution, in-
volved body parts and muscle groups, physiological responses, and 
energy expenditure [1, 40, 41], it is unclear if effects on perceived 
exertion can also be found for virtual rowing. Effects of avatars’ 
muscularity on physiological responses, such as heart rate, have 
only been found in a single study [27] which could not be repli-
cated [32]. Thus, it is also unclear how robust physiological Proteus 
effects are. 

In this paper, we investigate the effects of an avatar’s muscular 
appearance on heart rate and perceived exertion during indoor 
rowing. We aimed to replicate findings from previous work [27, 31] 
to explore whether the Proteus effect is limited to specific activities 
or also translates to other types of exercises such as rowing. We 
conducted a study with 16 participants who embodied muscular 
and non-muscular avatars while rowing in VR. We found that over 
time participants’ heart rates increased significantly slower while 
being embodied in a muscular compared to a non-muscular avatar. 
While not significant, the same trend can be observed for perceived 
exertion. We conclude that the Proteus effect translates to rowing in 
VR and affects physiological across a range of activities. We discuss 
the results and propose research directions for future work. 

2 RELATED WORK 
Our work builds on previous work about the Proteus effect caused 
by an avatar’s stereotypical appearance. In the following, we discuss 
work on avatars in VR and how they can be used to create a sense 
of embodying them. Finally, we give an overview of the Proteus 
effect and how this phenomenon can be induced by an avatar’s 
athletic appearance during physical exertion. 

2.1 Avatars in Virtual Reality 
Steuer defined VR as a real or simulated environment in which a 
perceiver experiences telepresence [60]. Virtual bodies are com-
monly used to represent the user in virtual environments and are 
typically called avatars—after the Sanskrit word for "descent" [15]. 
Previous work showed that a first-person perspective—perceiving 
the virtual world through the eyes of the avatar—in combination 
with congruent visual-motor synchrony can create such strong 
cues that users have the feeling of embodying these avatars and 
accepting them as their own body [22]. Thus, extending Steuer’s 
definition [60], VR does not only enable perceiving a different world 
but also experiencing the world through a different body. 

A virtual representation of users is fundamentally important 
in human-computer interaction as through them users feel rep-
resented and in control over their actions executed in the virtual 
environment [30, 37, 57]. Interestingly, VR enables the creation 
of perceptual experiences that are hardly feasible to create in the 
real world. Using tracking devices the movements of users can be 

accurately recorded and transferred onto the avatar. This visuo-
motor synchrony—a synchrony of movements between the physical 
body and the virtual representation—can create a sensation of em-
bodying the avatar [22, 33]. Sanchez-Vives et al. [52], for example, 
demonstrated how users can experience a virtual hand as their 
own hand through visuo-motor synchrony. In this experiment, par-
ticipants could move their real hand and fingers and observe the 
virtual hand reacting synchronously. There is further evidence that 
users can experience full-body illusions even accepting virtual bod-
ies with characteristics that differ from their own physical selves. 
For example, previous work revealed that users perceived avatars 
that indicated having a different gender [56, 59] or body compo-
sition [21, 24, 26, 31, 35, 46], a much younger appearance [2], an 
older appearance [4, 34], or even a different skin color [3, 19], and 
superhuman appearances [29] as their own body in VR. 

2.2 The Proteus Effect 
Interestingly, the virtual embodiment of avatars can induce behav-
ioral, perceptual, and attitudinal changes. Yee and Bailenson [64] 
found that the avatar is not only useful to enhance the VR experi-
ence but can also change users’ behavior and perception [65]. They 
term this effect the Proteus effect after the Greek God Proteus who 
is notable for being the origin of the adjective “protean”—the ability 
to take on many different self-representations [23, 64]. One expla-
nation for the Proteus effect is self-perception theory postulating 
that people observe themselves from an imaginary third-person 
perspective similarly to an external observer [7]. This allows to 
interpret the own behavior and attitudes that cause us to act in a 
certain way. Transferring this idea to the Proteus effect, Yee and 
Bailenson [64] revealed that attractive avatars increased users’ con-
fidence during a VR dialogue. As attractiveness is connected with an 
increased self-confidence and extraversion, users behaved conform 
to the avatars’ appearance. 

Results of an increasing body of work, including studies on the 
effects of sexualized avatars [17], non-creative avatars [14], and 
attractive avatars [66], have been ascribed to the Proteus effect. 
Reviewing work on the Proteus effect in virtual environments and 
video games, Praetorius and Görlich [48] suggest that self-similarity 
enhances the effect, undesirable characteristics of the avatar can 
reduce the effect, and that the sense of presence and embodiment 
is particularly important. A meta-analysis of the Proteus effect by 
Ratan et al. [49], considering 46 quantitative experimental stud-
ies, concluded that the Proteus effect is a reliable phenomenon, 
with a small-but-approaching-medium effect size. While Clark [12] 
concludes that effects are smaller than indicated and suggests al-
ternative explanations, Beyea et al. [8] conducting yet another 
meta-analysis of the Proteus effect found stronger effect sizes for 
studies conducted in VR. When initially coining the term Proteus 
effect, Yee and Bailenson [64, 65] only considered behavioral effects. 
In line with this initial understanding, most work on the Proteus 
effect investigated effects on behavior and attitudes [49]. 

2.3 The Proteus Effect During Physical Exertion 
Recent works investigated the Proteus effect in physical contexts. 
In a recent study by Lin et al. [39], it was observed that the presence 
of abdominal muscles on avatars had an impact on the exercise 
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Figure 1: The female-gendered and male-gendered non-muscular avatars (left) as well as the female-gendered and male-gendered 
muscular avatars (right). The four avatars are adapted from the work by Kocur et al. [27]. 

behavior of users. Specifically, participants embodying avatars char-
acterized by a "six-pack" exhibited lower levels of physical activity 
compared to those embodying avatars without pronounced ab-
dominal muscles. The authors hypothesized that users perceived 
themselves as already being in good physical shape while embody-
ing a muscular avatar. Consequently, they felt less compelled to 
engage in rigorous exercise. These findings are in line with Lin and 
Wu [38], who manipulated the age of avatars. The authors showed 
that embodying avatars of a younger age heightened the perceived 
exertion during exercise sessions. 

Similarly, Czub and Janeta [13] conducted a comparative analy-
sis between a VR environment, where participants executed biceps 
curls while embodying athletic avatars, and a non-VR setting. Re-
sults indicated that participants completed more repetitions in VR. 
These outcomes corroborate those of Matsangidou et al. [43], who 
documented lower perceived pain levels during biceps curls per-
formed in VR compared to a real-world setting. As behavior and 
perception can consciously be influenced, previous work also stud-
ied physiological effects [18, 25, 27]. Results by Kocur et al. [27], 
studying the effects of avatars’ athleticism while cycling, suggest 
that athleticism has a significant and systematic effect on heart rate 
and perceived exertion. Another study, also by Kocur et al. [25], 
investigating the effects of sweating avatars while cycling, how-
ever, revealed effects on perceived exertion but not on heart rate. 
Additionally, a recent study by Kocur et al. [32] could not show the 
Proteus effect while cycling a stationary bike using athletic and 
non-athletic avatars. Hence, further investigations are required to 
gain a better understand about physiological effects of avatars on 
users. 

2.4 Summary 
In conclusion, in VR, we can embody avatars, which we accept 
as our own body [22]. Embodying stereotypical avatars can in-
duce what has been coined the Proteus effect [64, 65]. A large 
body of work supports the conclusion that embodying avatars with 

stereotypical characteristics can cause changes in behavior and 
attitude [8, 49]. Previous work also suggests physiological Proteus 
effects while cycling with different avatars [27] but failed to repli-
cate them [25, 32]. Thus, it is unclear how robust physiological 
Proteus effects are and if effects are limited to specific activities, 
such as cycling. 

3 METHODS 
We conducted a controlled experiment to understand if the effects of 
avatars’ muscularity on heart rate are robust and can be determined 
for tasks beyond cycling. 

3.1 Study Design 
To investigate the effects of avatars’ muscularity, we conducted a 
controlled experiment with the one independent variable muscular-
ity (non-muscular and muscular). We used a within-subjects design 
to cancel out individual differences between participants. 

Participants embodied either a non-muscular or a muscular 
avatar of their identified gender (see Figure 1). To be consistent with 
previous work, we adapted the approach used by Kocur et al. [27] to 
create the four avatars. Also in line with previous work (e.g. [25]), 
we measured three dependent variables. We measured participants’ 
heart rate to determine physiological effects, perceived exertion 
to determine perceptual effects, and presence to determine if the 
avatars affect how immersed participants were. 

3.2 Apparatus 
We developed an apparatus that enabled participants to row on 
an indoor rower in real life while transferring their movement to 
rowing a single scull in virtual reality. 

3.2.1 Real-Life Setup. The aim was to recreate a realistic rowing 
experience called sculling. While sculling the rower is sitting with 
the back to the travel direction having an oar in each hand. The 
thrust is generated through the whole body by extension of the legs, 
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Figure 2: A participant on the Rower Model D by Concept2 outfitted with (1) HTC Vive Pro 2, (2) Vive Tracker 2.0 on the hip, (3) 
Vive Tracker 2.0 on the hand grip, (4) Polar OH1 HR sensor, (5) the mechanical resistance setting of the rowing machine. 

straightening of the back, and pulling with the arms. Rowing is 
considered relatively safe to practice due to the steady motion and 
distribution of the load on the whole body. We used the Model D1 

indoor rower by Concept2. The Model D has been used worldwide 
for home-based training, official competitions, and performance 
assessment in sports and science [61] (see Fig. 3). It enables manual 
adjustment of the indoor rower’s pull resistance from 1 to 10 using 
a mechanical lever. 

Participants were equipped with an HTC VIVE Pro 2 head-
mounted display (HMD) to ensure a high-resolution visual pre-
sentation of the scene. The HMD naturally provided the position 
of the participants’ heads. To further track participants’ position 
and movements we attached a HTC Vive Tracker 2.0 to their lower 
back and another HTC Vive Tracker 2.0 to the Model D’s hand grip. 
Participants’ feet rested on the Model D’s feet rest. 

3.2.2 Virtual Setup. We used Unity (ver. 2020.3.13f1) to design and 
implement the virtual environment. We used the commercially 
available 3D model by machine_men2 as a basis for the single 
rowing scull. The 3D model is highly realistic and advertised as 
usable in broadcast, high-res film close-ups, and advertising. We 
converted the model using the FBX Converter tool by Autodesk 
and flipped the textures’ normals in Blender. We also separated 
the meshes of the seat and oars from the main model to animate 
them. Additionally, we adjusted the scull’s scale and its position to 
match the scale and position of the real world. Thereby, the range 
of movement by the seat in the virtual world matches the range of 
motion of the real seat, allowing to achieve perfect synchronicity. 
The origins of the oars were moved to the rigging points so that 
the oar rotate around this point. 

We used the two HTC Vive Tracker 2.0 attached to the lower back 
and the hand grip, in addition to the HMD, to track the movement 
1Modell D Indoor Rower https://www.concept2.com/service/indoor-rowers/model-d
2Single Rowing Sculls by machine_men: https://www.turbosquid.com/3d-models/ 
single-rowing-sculls-c4d/1023066 

of the participants. We animated the avatars using the inverse 
kinematics (IK) script of the Final IK package by RootMotion3 . We 
used the stationary position of the feet, the position of the head, 
tracked by the HMD, the position of the hands, tracked by the Vive 
sensor attached to the hand grip, and the position of the hip, tracked 
by the second Vive sensor as anchor points for the IK. Altogether, 
this allowed a fluid and realistic animation of the avatar. 

We aimed to keep the surroundings of the rowing scull simple 
but realistic to simultaneously avoid distractions and achieve a high 
level of realism. Therefore, we used a water plane that mimics open 
water. We used a water shader4 to display realistically animated 
water. To realize an initial embodiment phase we placed a mirror 
in front of the rowing scull at its start position. Therefore, we used 
a plane object and linked the outwards-facing camera object as the 
rendering texture. 

3.3 Measures 
We determined participants’ cardiac frequency while rowing on 
the indoor rower to determine physiological effects. In line with 
previous work on the Proteus effect (e.g. [25, 31, 45]), we measured 
participants’ heart rates throughout the embodiment phase and the 
8 minutes exercise. We used an optical Polar OH1 HR sensor by 
Polar Electro, which has previously been validated for moderate-
and high-intensity physical activities [20], placed on the left or 
right arm. The sensor was paired with a smartphone via Bluetooth 
for real-time data recording and the data sets were exported via 
the Polar Flow app. We aggregated the raw heart rate data over 
two-minute intervals to reduce noise, resulting in data points for 
the embodiment phase and while rowing for 2 minutes, 4 minutes, 
6 minutes, and 8 minutes. 

3Final IK by RootMotion: https://assetstore.unity.com/packages/tools/animation/final-
ik-14290 
4Simple Water Shader URP by IgniteCoders: https://assetstore.unity.com/packages/2d/ 
textures-materials/water/simple-water-shader-urp-191449 
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Figure 3: From left to right: in-application first-person-view of hands and legs, real-world first-person-view of hands and legs, 
in-application first-person-view during priming with mirror in front. 

We measured participants’ perceived exertion to determine per-
ceptual effects. In line with previous work on the Proteus effect 
(e.g. [25, 31, 39]), participants were shown the psychophysical 
Borg’s RPE scale [10] after the embodiment phase and after rowing 
for 2 minutes, 4 minutes, 6 minutes, and 8 minutes. Participants 
orally communicated the value that best represented their percep-
tion of effort. The RPE scale was designed to increase linearly with 
physical exercise intensity ranging from 6 (no exertion) to 20 (max-
imal exertion). The scale is designed to estimate the current HR by 
multiplying each value by 10, so an intensity of 15, for example, 
approximately matches an HR of 150 [10]. 

How present participants feel in the virtual environment could 
act as a moderator for the Proteus effect [51] or as a confounder. 
Thus, in line with previous work [34, 50, 51], we determined how 
present participants feel in the virtual environment for both con-
ditions. We used the iGroup presence questionnaire (IPQ) [54] as 
suggested by Schwind et al. [55], who assume that the IPQ ques-
tionnaire best reflects the construct of presence. Participants filled 
out the 13 items of the IPQ questionnaire outside of VR after each 
condition. 

3.4 Procedure and Task 
After welcoming the participants, we explained the procedure of the 
study. After receiving informed consent, we collected demographic 
information. Afterward, we attached the Polar OH1 HR sensor to 
the participant’s arm and one of the Vive trackers to the lower 
back. As males have, on average, a higher skeletal muscle mass 
and are, on average taller, we adjusted the resistance of the indoor 
rower according to the participants’ gender. We set the resistance 
to 5 of 10 for male participants and 3 of 10 for female participants, 
to prevent over-straining or injury by providing a relatively low 
level of resistance for both genders. If the participants were inex-
perienced with the use of an indoor rower, we gave them a short 
demonstration of the correct technique. 

After sitting down on the indoor rower and setting up the HMD, 
participants were immersed in the virtual scene in front of the 
mirror for two minutes. This was followed by rowing for a total of 
eight minutes at a fixed pace of 22 strokes per minute. We ensured 
that participants are able to maintain a steady pace by virtually 

attaching a rhythmically blinking light to the scull (see Figure 3). 
The light was blinking with a frequency of 22 blinks per minute, 
representing the desired speed. We asked participants to orally 
provide their perceived exertion every two minutes. After rowing 
for eight minutes, we asked participants to take off the HMD, fill out 
the IPQ questionnaire, and take a break for 5 minutes. Afterward, 
they continued with the second condition. We alternated the order 
of the conditions to avoid sequence effects. 

3.5 Participants 
We recruited 16 participants through mailing lists and personal 
contacts for the study. 8 participants identified as male and 8 partic-
ipants identified as female. They were between 18 and 32 years old 
(M=25.25, SD=3.71). 4 participants were compensated with credit 
points for their degree program. 

4 RESULTS 
In the following, we report the analysis of participants’ heart rates, 
the perceived exertion they experienced, and the presence they 
perceived. To investigate the effects of the independent variable 
muscularity on the participants’ HR response and perception of 
effort, we analyzed the time course of both measures across the 
entire exercise using two-minute intervals. Hence, we included the 
factor time (5 levels with a 2 minutes interval) in the statistical 
analysis. 

4.1 Heart Rate 
We analyzed the effect of muscularity and time on participants’ 
heart rates. Mauchly’s test indicates that the sphericity assump-
tion was violated for time (p<0.001) and muscles*time (p<0.001). 
Therefore, we used the Greenhouse-Geisser correction to adjust 
the degrees of freedom. A two-way repeated measures ANOVA re-
vealed a significant effect of time (F(1.301, 19.517)=26.000, p<0.001), 
no significant effect of muscularity (F(1,15)=0.485), p=0.497), and a 
significant muscles*time interaction effect (F(1.844, 27.660)=3.928 
p=0.034). Thus, over time, participants’ heart rate was significantly 
affected by the embodied avatar. Figure 4 shows participants’ heart 
rates over time for the two conditions. 
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Figure 4: Participants’ heart rate at the start and throughout the eight minutes exercise for the two conditions (left) and 
participants perceived exertion at the start and throughout the eight minutes exercise for the two conditions (right). Error bars 
show the standard error. 

4.2 Perceived Exertion 
We analyzed the effect of muscularity and time on the perceived 
exertion experienced by participants and measured using the Borg 
scale. Mauchly’s test indicates that the sphericity assumption was 
violated for time (p<0.001) and muscles*time (p<0.001). Therefore, 
we used the Greenhouse-Geisser correction to adjust the degrees of 
freedom. A two-way repeated measures ANOVA revealed a signifi-
cant effect of time (F(2.215, 33.219)=85.447, p<0.001), no significant 
effect of muscularity (F(1,15)=0.692), p=0.419), and no significant 
muscles*time interaction effect (F(2.350, 72.050)=0.489, p=0.597). 
Thus, participants’ perceived exertion was significantly affected by 
time but not by muscularity or the interaction of time and muscu-
larity. Figure 4 shows participants’ perceived exertion over time for 
the two conditions. 

4.3 Presence 
We analyzed the effect of muscularity on the three subscales of the 
IPQ. A one-way repeated measures ANOVA revealed no significant 
effect on spatial presence (F(1,15)=0.046, p=0.833), involvement 
(F(1,15)=1.209, p=0.289), or realism (F(1,15)=1.947, p=0.180). Thus, 
muscularity had no significant effect on any of the IPQ’s three 
subscales. Figure 5 shows the three subscales of the IPQ for the two 
conditions. 

5 DISCUSSION 
We conducted a study to understand if the muscularity of the em-
bodied avatar has significant physiological and perceptual effects. 
Participants were rowing on an indoor rower while virtually being 
in a single scull and embodying either a muscular or a non-muscular 
avatar. We found that over time, participants’ heart rate was sig-
nificantly affected by the embodied avatar. Embodying a muscular 
avatar, participants’ heart rate increased slower compared to em-
bodying a non-muscular avatar. While the effect is not significant, 
we observed a similar trend for the perceived exertion participants 
experienced. We found no effect of avatars’ muscularity on the 
presence they experienced. 

The results are in line with previous work which revealed an 
effect of athleticism on heart rate while cycling in VR [27]. As we 
found no effect of muscularity on presence, we assume that the 
effect on the heart rate was indeed caused by muscularity and not by 
other aspects of the avatar design. In contrast to previous work [25, 
27, 31], our analysis revealed no effect on perceived exertion. Our 
descriptive results, however, suggest the same trend as found by 
previous work. 

One possible explanation for physiological changes could origi-
nate from behavioral adaptations caused by the avatars’ appearance. 
In line with the Proteus effect, the athletic avatar could change the 
body posture or the stroke while rowing. This could change the 
effectiveness of rowing and, in turn, the physiological responses 
in terms of cardiac frequency. Findings from sport physiology, for 
example, show that the body position and rowing technique affects 
power output as well as physiological responses [6]. Hence, the ath-
letic avatar could possibly make participants row more efficiently. 
However, as all participants were inexperienced with rowing, we 
do not argue that the athletic avatar improved participants’ rowing 
technique. Instead, we assume that participants adapted their body 
posture or stroke in a more "athletic" and "dynamic" way. As we did 
not measure such behavioral adaptations such as body posture and 
stroke efficiency, future work should further explore the cause of 
physiological changes due to the avatars’ appearance originating 
from variations in the technique. 

The study’s main limitation is the comparatively low number 
of participants, potentially resulting in limited statistical power. 
We increased the study’s statistical power by using a repeated 
measures design, canceling out individual differences. We adjusted 
the difficulty of the task to participants’ gender to reduce differences 
between participants. In addition, we only compared two levels of 
muscularity to reduce the number of conditions. We still assume 
that statistical power was limited and potentially the reason why 
no effect on perceived exertion was observed. Future work should 
further explore the Proteus effect with a larger sample size and a 
control condition serving as a baseline using an avatar with average 
muscularity. In this vein, other factors such as familiarity with VR, 
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Figure 5: The three subscales of the IPQ for the two conditions. Error bars show the standard error. 

and psychological factors such as motivation and competitiveness 
should be explored to learn about potential moderators. 

Overall, we can conclude that not only the Proteus effect, in 
general, is a robust effect [8, 49] but that effects on physiological 
responses, in our case the heart rate, are also robust and replica-
ble. There are multiple directions for practical applications and 
future work regarding this effect. An obvious avenue is consider-
ing avatars’ muscularity in virtual training applications and vir-
tual competitions. Using muscular avatars could increase the effec-
tiveness of training. Using them in virtual competitions, however, 
could result in a new form of e-doping, extending, hacks and tak-
ing performance-enhancing substances, considered by previous 
work [11, 42]. The most pressing direction for future work is in-
vestigating repeated exposure and long-term effects not only for 
physiological effects but for the Proteus effect in general. For a 
short-term embodiment, we see a gradual increase of the Proteus 
effect. We assume that over longer people will adapt if they embody 
an avatar for a longer duration resulting in the Proteus effect fading 
away. While this in itself has to be investigated, it would also be 
interesting to understand how and why the effect developed over 
time. 

6 CONCLUSION 
In this paper, we investigate the effects of athletic and non-athletic 
avatars on users’ perceptual and physiological responses during 
physical exercise. We conducted a controlled experiment with 16 
participants who were indoor rowing in VR while embodying ath-
letic or non-athletic avatars. We found that embodying an athletic 
avatar resulted in a lower increase of participants’ heart rate com-
pared to the non-athletic version. As the sense of presence was not 
influenced by the avatars, we argue that the effects on heart rate 
were caused by the avatars’ muscularity and not other experiential 
characteristics. Hence, our paper extends prior research about the 
Proteus effect by showing that athletic avatars can not only be 
beneficial for cycling but also for rowing. Future studies can use 
and extend our work to explore the underlying mechanisms for 
physiological changes caused by the Proteus effect. 
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