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ABSTRACT

Virtual self-avatars have been shown to produce the Proteus effect,
however limited work investigates the subjective sense of embod-
iment using commodity virtual reality systems. In this work, we
present results from a pilot experiment where participants are given a
self-avatar in a simple virtual experience while wearing a cardboard
head-mounted display. Participants then repeat the experience five
days later. Overall, subjective embodiment scores are similar to
those reported in experience using higher-fidelity systems. However,
the subjective sense of embodiment significantly lowered from trial
one to trial two.

Index Terms: Human-centered computing—Visualization—Visu-
alization techniques—Treemaps; Human-centered computing—
Visualization—Visualization design and evaluation methods

1 INTRODUCTION

Virtual body-ownership illusions [4], also know as virtual embodi-
ment illusions have been show to cause the Proteus effect [9]. That
is, users take on the stereotypical behaviors of the self-avatar that
they are embodying. Many behavioral and cognitive benefits of
embodying self-avatars have been demonstrated. For example, taller
avatars exude higher confidence [9] and light-skinned participants
after embodying dark-skinned avatars demonstrated lower implicit
racial bias [6].

Embodiment illusions are often demonstrated using Six-degrees-
of-freedom (6dof) head-mounted displays (HMDs) with full-body
tracking, such as demonstrated in Peck et al. [6]. However, only
4% of the world owns an HMD [8] thus limiting the number of
people who can experience the Proteus effect. Cardboard VR has
been shown to offer an acceptable amount of immersion compared
to commercial VR head-sets [2], and approximately 85% of people
in the world own smart phones [1]. This suggests that smartphone-
based commodity virtual reality (VR) can make VR more accessible.
However, due to the limitations in tracking and usability, commodity
VR may not support the same quality experience as commercial VR
headsets. Resent work supports that participants using commodity
cardboard HMDs experience body-ownership illusions [7]. However,
little research has investigated the affect of these illusions over
multiple experiences.

2 METHODS

We present a with-participants repeated measures pilot experiment
investigating the effects of repeated trials (two) on subjective em-
bodiment using commodity VR. The experiment consisted for two
identical trials that were five days apart. For each trial, all par-
ticipants came to the lab at the same time. Participants donned a
card-board VR headset playing a virtual reality application. Within
the application, participants were instructed to select the self-avatar
that best represented them from four self-avatars with varying skin
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Figure 1: A view of the avatar selection screen.

Figure 2: A view of the avatar looking in the mirror.

tones. See Figure 1 for a view of the selection scene, and Figure 2
for the virtual scene.

After selecting the self-avatar, participants found themselves
seated in a virtual room and collocated with their self-select avatar.
The avatar’s head rotated, but no other agency was afforded to the
user. A virtual mirror was also placed in the room. Participants were
instructed to look around the room and at themselves in the mirror
for two minutes.

After two minutes, participants removed the HMD and completed
a computer based questionnaire administered through Qualtrics.
Participants completed the Embodiment Questionnaire [5] as well as
standard demographics questions. The Embodiment Questionnaire
include submeasures of Appearance, Response, Ownership, and
Multi-Sensory.

2.1 Participants
Eleven participants completed this repeated measures experiment.
Participants self-identified their gender as Women (n = 4), Men (n
= 6), and Non-Binary (n = 1). Participants self-identified their race
as Black (n = 2), East-Asian (n = 3), and White (n = 6). Partici-
pants ages were 18-22 years. The experiment was approved by the
(removed) institutional review board.

2.2 Equipment
Application was developed for both mac and android devices. Par-
ticipants installed the applications on their personal cell-phones
with guidance from the experimenter before the experiment began.
Smartphones were placed into distributed cardboard VR devices.

3 RESULTS

Embodiment results were analyzed with a repeated measures
ANOVA with the two levels of trial as a within-participants variable.
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Figure 3: Box-plots of embodiment scores for trial one (white) and
trial two (gray).

A significant difference between trials was found, F(1,10) =
8.57, p = .02, η2 = .05. Participants rated their subjective sense
of embodiment as higher during the first trial (M = 3.84, SE = .28)
compared to the second trial (M = 3.41, SE = .31). Similar signif-
icant results of participants reporting higher subjective ratings in
trial one compared to trial two were seen in the Response, Owner-
ship, and Multi-Sensory submeasures, but no significant results were
found in the Appearance submeasure. See Table 1 and Figure 3 for
results.

4 DISCUSSION

After the first trial participants’ mean subjective embodiment score
was 3.84 ∓ .28. These values are higher than the means (3.48
± 1.04 and 3.43 ± 1.30) reported in two of the experiments used
to validate the Embodiment Questionnaire [5]. These high scores
support that subjective embodiment scores are sufficiently high when
using commodity VR for a short (two minutes) amount of time.
These results are further supported by prior work by Amin et al. [2]
who found that immersion was also sufficient when using commodity
VR compared to commercial HMDs.

Interestingly, the subjective embodiment scores significantly
dropped between trial one and trial two, down to 3.41 ± .31. The
initially higher embodiment scores could be due to an initial ‘wow’
factor of VR where participants are excited by their first two minute
experience. However, during the second trial the ‘wow’ factor may
have worn off, leading to lower scores. However, the Embodiment
Questionnaire is often not taken after such a short duration but
instead after a longer VR experiment and experience. As the ques-
tionnaire was likely not tested after such a short duration, it may be
normal for participants to have higher subjective scores early in an
experiment. Future experiments may need to test this theory.

Interestingly, a repeated measures study by Fribourg et al. [3] did
have participants take the Embodiment Questionnaire at repeated
times during the experiment. They did not find a significant change
in subjective embodiment over time, however they did not look at

Trial 1 Trial 2 F η2 p
Appearance 3.63±.38 3.33±.36 3.19 .02 .10
Response 3.64±.34 3.26±.31 8.59 .03 .02
Ownership 4.02±.28 3.45±.35 5.31 .07 .04
Multi-Sensory 4.08±.23 3.61±.32 6.54 .07 .03
Embodiment 3.84+.28 3.41+.31 8.57 .05 .02

Table 1: Tests statics including F, η2 and p − value of subjective
embodiment scores for each trial. Descriptive statistics include the
mean and standard error of each subjective embodiment measure.

days difference, but instead minutes. Their results provided some
evidence that some questions related to Ownership may drop over
time. Our results support that Ownership, as well as Response and
Multi-Sensory did drop over time.

The environment used in this experiment was simple and partic-
ipants did not have tasks or gamification within the experience. It
is possible that the drop in subjective Embodiment over time may
be due to the simplicity of the virtual experience. Participants did
not have a task and were merely asked to look around a virtual room
and in a mirror. Future work should investigate embodiment over
time with more interactive environments.

Regardless, the final embodiment scores after trial two were still
high and similar to the embodiment values reported with the Embod-
iment Questionnaire [5]. This suggests that, even though subjective
embodiment significantly dropped, it may still be adequate when
using commodity VR over repeated times.

5 CONCLUSION

This work presents results from a pilot experiment were participants
(n=11) wore a race-matched self-avatar during two two-minute vir-
tual experiences, five days apart. Participants reported adequately
high subjective embodiment scores during both the first and second
trials. However, subjective embodiment scores significantly dropped
from the first to the second trial. This work supports that people can
be embodied in a self-avatar using commodity VR and over repeated
trials. However, the subjective sense of embodiment may lower over
time. Future work should investigate this effect over more trials and
with more interactive VR experiences.
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