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Abstract. The theory of embodied cognition states that cognition is
influenced by the body we inhabit. Research on embodiment illusions
has confirmed that our perceived body affects our behavior and disposi-
tion. Virtual and augmented reality applications make the experience of
ownership over a different body more accessible, but these virtual bodies
are seldom fully utilized. Instead, the focus often lies on the scenario or
the virtual surroundings. As an initial exploration of the effectiveness
of embodiment illusions within the domain of exergaming, we embod-
ied participants with a virtual muscular arm. Results show that weight
perception is not directly affected by this manipulation. However, we
theorize that body alterations like this might affect players’ motivation.
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1 Introduction

The field of embodied cognition encompasses several theories on how cognitive
processes are rooted in the body [1]. Generally, it states that our mental con-
structs and task performance are influenced by the body we inhabit. Experience
design in serious games is not commonly focused on the virtual body and its prop-
erties. Embodiment through virtual or augmented reality (VAR) might provide
an additional psychological mechanism in creating effective gaming solutions.

1.1 Experience design in exergaming

Within serious games in general and exergaming in particular, the experience
design often focuses on the narrative, the virtual surroundings, and the objects
presented in the game. If a virtual body is present, it is often designed to either
fit the task or to be a generic stand-in for the player. Merely the presence of a
virtual body can already affect the player, for instance by reducing body-image
anxiety [2], increasing the intention to engage in exergaming in the future [3],
and heightening enjoyment of the game [4]. More enjoyable exergames can lead
to longer periods of interaction, leading to positive health benefits [4].

However, altering the virtual body in specific ways could potentially lead to
enhanced effectiveness of the experience. For example, differences in an avatars’



body size affects motivation and physical activity [5, 6]. Game performance can
be improved by designing a body that is strongly associated with excellence on
the task in the game [7, 8]. Within exergames, one area strongly associated with
stereotypical body-types is weight-lifting. Weight perception has been shown to
be at least partly a top-down process [9]. For example, a dumbbell that has a
bright color overlay induces less fatigue than a dark color [10]. Therefore, em-
bodying a muscular virtual body could potentially also affect weight perception.

1.2 Embodiment illusions

Embodiment can be defined as ‘the ensemble of sensations that arise in con-
junction with being inside of, having, and controlling a body’ [11]. The rubber
hand illusion [12] shows that our sensation of embodiment is flexible and that
we can feel embodied in artificial body parts, even if their location is slightly off.
The illusion can be similarly evoked using VAR techniques [13], and show that
multi-sensory input can override explicit knowledge of the body-image [14–16].

VAR technologies hold enormous potential in the domain of serious games,
because of the tendency users have of treating the VAR environment as real,
described as ’presence’. Presence correlates positively with task performance in
virtual environments [17]. Induced embodiment is related to presence and can
be an important contributor to the effectiveness of VAR experiences [18, 19].

However, the effects of embodiment illusions go further than that. Several
studies show that behavioral tendencies — both in-game [7] and afterwards [20]
— can be altered by placing the user in a certain type of body, making use of
implicit associations the user has with that body-type. Similarly, these illusions
can affect implicit biases [21] and attitudes [22]. Embodiment illusions thus allow
us to alter a VAR experience in several meaningful ways.

The current study was designed to take a first look at the effects of an em-
bodiment illusion with a muscular virtual arm through augmented reality. An
AR application, rather than a VR one, has the potential to only change the
elements of interest, and could safely be used in a gym during a real exercise
[23]. We hypothesized that embodiment with a muscular arm would affect par-
ticipants’ weight perception in such a way that objects seem to weight less.

2 Pilot study

A small scale pilot study was conducted to test the setup and the virtual arm. 10
participants (7 female, 3 male) were randomly divided in a control group (n=5)
and an experimental group (n=5). The participants’ right arm was blocked from
direct view. The control group saw their real arm on a screen, whereas the
experimental group saw an overlay of a virtual arm. This 3D poly-model was
created with the program MakeHuman and Blender 3D modeling software. It
was attached to a marker using the Vuforia plug-in for Unity. Participants were
instructed to close their eyes before a 150 gram apple was placed in the palm of
their hand. For the experimental group, the virtual overlay changed to include a



virtual apple. Both groups then looked at the screen and estimated the apples’
weight. The experimental group lastly answered 3 embodiment questions, one
on perceived strength, and one on naturalness, on a 7-point Likert scale [17].

The mean estimated weight of the apple was 200 grams (SD = 61.24) in the
control group, and 129 grams (SD = 83.40) in the experimental group. Based
on the questionnaire, the embodiment (M = 3.6, SD = 1.67) and naturalness
(M = 3.8, SD = 1.1) seem to be comparable with the literature, but there was
a lower score on perceived strength (M = 2.2, SD = .84). This might indicate
that any effects are likely to be subconscious. The participants generally found it
difficult to estimate the weight of the apple, reporting that they mainly used their
knowledge of the weight of apples to make their guess. We concluded therefore
that, although the virtual arm was sufficient to induce embodiment, the object
to be weighted needed to be unknown to the participants.

3 Methods Main Study

Fig. 1. The AR condition

30 undergraduate students (17 female, 13 male), re-
cruited at Tilburg University, were randomly divided
in a control group (n=15) and an experimental group
(n=15).

Participants were seated in front of the full screen
application running on a computer screen, with their
right arm on the other side of a barrier. For the exper-
imental group, the marker was attached to their lower

arm using a stretch band. No changes were made to the model of the virtual
arm. The camera was positioned just above the right shoulder (see figure 1).

Participants made a few movements with their arm (side-to-side and up and
down), and were then asked to close their eyes. A glass paperweight (309 grams)
was placed in the participants hand. A second video camera filmed their arm
from the side to measure the arm drop, as a measurement of unconscious weight
estimation. With their eyes still closed, participants were asked to estimate the
weight of the object and for how long they believed they could hold it (added as
a potentially more intuitive weight estimation). Afterwards the circumference of
their arm was measured directly below the elbow, to control for how much the
virtual arm diverged from their real arm. Lastly, the participants in the experi-
mental group were asked to complete an extended embodiment questionnaire (8
items, 7 point Likert scale) [12].

4 Results

A Shapiro-Wilk test showed that for both conditions the estimated holding time
did not follow a normal distribution (Control: M = 8.87, SD = 8.06, Virtual
Arm: M = 10.93, SD = 15.62). Therefore the non-parametric Mann-Whitney
test for independent samples was used, showing no significant difference between
conditions (p = .85).



The arm drop was measured from video by two independent observers. 2
participants were excluded due to their hand touching the desk during the drop.
Both arm drop (C: M = 2.95, SD = .88, VA: M = 2.68, SD = 1.09) and weight
estimation (C: M = 873.33, SD = 686.83, VA: M = 530.00, SD = 301.66) had a
normal distribution. An independent samples t-test showed no significant differ-
ences of weight estimation (p = .09) and arm drop (p >.1) between conditions.

An ANOVA for estimated holding time with condition and gender as between-
subjects factors when controlling for arm circumference showed no significant
main effects for both condition and gender. However, a significant disordinal
interaction effect between condition and gender on estimated holding time was
found (F(1, 25) = 7.52, p = .01, η2 = .23). Analysis of variance showed no sig-
nificant effect of condition and gender on both weight estimation and arm drop
when controlling for arm circumference.

There was a significant correlation between arm drop and holding time (r(28)
= .44, p = .02). The three weight estimation measurements and the embodiment
questionnaire score (M = 38.33, SD = 4.67) were not correlated.

5 Discussion

There were no significant differences between the two conditions for any of the
weight perception measurements, and for the augmented condition none of the
weight perception measurements were correlated with the embodiment ques-
tionnaire scores. Embodiment with a muscular virtual arm does not seem to
influence participants’ perceived or actual ability to hold and lift objects, and
does therefore probably not influence weight estimation.

The interaction effect of condition and gender on estimated holding time
could suggest that the virtual muscular arm was experienced as more compati-
ble with male body-types, resulting in higher embodiment for men. However, a
direct comparison of mean embodiment scores showed no significant difference.
Alternatively, the extremely muscular arm could have induced stereotype threat.
This type of priming can cause gender conforming behavior [24, 25].

Since the arm drop is a physical reaction, unaffected by verbal cognition and
knowledge about objects, its correlation with reported maximum holding time
might indicate that an indirect estimation of weight is a more accurate measure
for weight perception than a direct estimate.

A few limitations of this study have to be considered. Handedness of the
participants was not recorded. All experiments were done using the right arm,
so the sense of embodiment of left-handed participants may have been impacted.
Additionally, measurements of the biceps might have been more informative than
lower-arm circumference, since that muscle is used for lifting the forearm.

Although this study did not find a difference in weight perception using a
virtual muscular arm, similar embodiment illusions might have different effects.
VAR exercising applications have been shown to mainly affect enjoyment, mo-
tivation, and attitude [26, 27], while psychological advantages are also enhanced
by exercising in VR [28]. Exergaming is rated as more enjoyable and effective if



the game focuses on entertainment [29]. Therefore, it is possible that the main ef-
fects of embodiment are also more attitude-based. Future studies could therefore
focus more on the effects of embodiment illusions on motivation and enjoyment.

Embodiment illusions provide other interesting possibilities within exergames.
For example, the virtual body could be used as a more intuitive feedback provider,
where the body changes shape if the user engages with the experience. Feedback
positively influences adherence to exercise [26], but is usually provided abstractly
in the virtual environment instead of on the virtual body. Furthermore, the vir-
tual body could be personalized in such a way that it provides the individual
user with the benefits they need most. Entertainment technologies such as vir-
tual and augmented reality hold the potential for the creation of personalized
experiences, and the virtual body is an integral part of that.
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