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ABSTRACT
Virtual Reality (VR) allows us to perceive the world through

any possible embodiment – the avatar. Behavioral changes
due to the strong bond between the user and the virtual

avatar is known as Proteus effect. Previous work found that

the Proteus effect occurs when characteristics of the appear-

ance are associated with knowledge and experiences gained

by anticipated entities or stereotypes. Based on the findings

that the Proteus effect can trigger behavioral changes, we

hypothesize that the appearance of an avatar in VR can be

manipulated in a way that users will perform tasks better

than they would perform them using their real or any casual

embodiment. As one of the most important human behav-

ioral characteristics is exerting force, we are planning to

conduct a study investigating if muscular or slim avatars

are able to change physical forces of the physical self. Our

hypothesis is that people will apply more force when they

interact in a more powerful-looking appearance. An effect

would have far-reaching consequences and implications for

the interactions with avatars in HCI and VR.

KEYWORDS
Proteus effect, body ownership illusion, virtual embodiment,

motion capturing, virtual avatar

1 INTRODUCTION AND BACKGROUND
Inducing the Proteus effect by transforming the self-repre

sentation is shown in previous work [8]. Yee et al. investi-

gated in a one-on-one talk scenario in VR if the attractiveness

of the embodied avatar affects our behavior in terms of in-

terpersonal distance and self-disclosure [9]. Results indicate
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that we behave more self-confidently in the body of a more

attractive avatar.

They show similar results in a second experiment where

they manipulate the height of avatars as height is associated

with self-esteem and competence. In a VR bargaining task,

taller participants behave more confidently and perform bet-

ter in negotiation. Consequently, the visual appearance of

our embodiment affects our behavior.

There is further evidence in recent experiments where

implicit racial bias against a particular group of people is

decreased by embodying a member of this group [3, 4]. Fur-

thermore, being virtually represented by Albert Einstein as

a stereotype for superior intelligence improves cognitive

task performance [1]. Not explicitly related to the Proteus

effect but highly relevant in context of our research are find-

ings how shape, size, and pose of avatars not only have

consequences for self-perception but also social implica-

tions [2, 5, 7].

Results of previous work indicate that virtual body owner-

ship illusion not only evokes perceptual but also behavioural

and attitudinal changes. Despite previous studies, the un-

derlying mechanism causing the Proteus effect has hardly

been explored. Therefore, it is our research goal to gain a

better understanding of the Proteus effect and its implica-

tions for HCI. As the effect can trigger behavioral changes,

we focus on the general question if the effect can be utilized

to improve task and input performance of users in VR.

One main characteristic of behavioral changes is exerting

forces through the proprioceptive system. As first step in our

research, we investigate the question if inducing the Proteus

effect using avatars with different muscular appearance can

affect a user’s applied physical force.

2 PLANNED EXPERIMENT
We want to take advantage of the possibilities in VR through

manipulations of the user’s virtual body to investigate if

behavioral changes caused by the Proteus effect can be al-

tered in a way that users with their virtual avatar will put

more effort into physical tasks when their virtual appear-

ance indicates to be stronger. We are planning to conduct an

experiment using implicit and explicit force measures using
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a within-subject design with the single factor Body with the

two levels muscular and slim (see figure 1).

We induce body ownership illusion by substituting the

person’s real body through a muscular or slim virtual body in

VR using a head-mounted display. The participants see their

virtual body and the environment from first-person perspec-

tive. Furthermore, we enhance the feeling of body agency

by visuomotor synchrony. Participants’ real movements are

captured with Optitrack motion capturing
1
and transferred

to the virtual body.When a participant moves a body part the

equivalent virtual body part is moving synchronously. We

include a virtual mirror into the virtual environment so that

the participant constantly perceives the virtual body as its

own. Hence, we will measure explicit grip strength through

the maximum isometric strength of the hand and the forearm

through a force measuring device called dynamometer to

quantify the participant’s real physical power.

In addition, we implicitly identify the Just Noticeable Dif-
ference (JND) in a two-alternative forced choice task (2AFC)

for weight perception to investigate the sensitivity to weight.

We will use constant stimuli in which the participants will es-

timate weight pairs where one always has a constant weight.

Participants must decide which of the twoweights appears to

be heavier. As the JND stands for the amount of a change in a

stimuli to be detectable and noticeable, we assume that JND

while embodying a muscular person differs from JND while

embodying a slim person. This idea is based on previouswork

[6], which investigated the effect of virtual limb-ownership

in a visual-haptic integration task and found an effect of a

hand embodiment on JND. However, we assume to trigger a

stronger body ownership illusion by not only focusing on

hands but also integrating the entire body.

3 UTILIZING THE PROTEUS EFFECT
Based on the findings from this study, we plan to conduct

further experiments. Utilizing the Proteus effect would have

wide implications on the design of optimized full-body avatars

for improved interactions in VR. We aim to conduct stud-

ies to investigate an additional component influencing the

Proteus effect: the external perception of others in collabora-

tive VR. Inspired by Banakou et al., we plan to investigate

the individual effects of a body swap on cognitive perfor-

mance and general behavior [1]. As virtually being Einstein

improves cognitive processing in a solo task, we want to an-

alyze the effect on a cooperative task in a teamwork scenario

and a competitive task with a second person represented by

a casual avatar.

Basically, our main goal is to identify and understand

the underlying mechanism triggering the Proteus effect. We

1
https://optitrack.com/

assume that repurposed illusions through implicit manipu-

lations using full-body avatars can deliberately be used to

cause behavioral changes and, thus, be utilized to improve

interactions through immersive and collaborative applica-

tions.

Figure 1: Muscular (left) and slim (right) avatar men created
for our experiment.
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