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Figure 1: From left to right: an example of a trajectory to draw during the experimental task; A view of the scene from behind;
Another virtual character stabbing the participants’ virtual hand at the end of the experiment to measure their response to the

threat on their virtual body.

ABSTRACT

With the increasing use of avatars (i.e. the virtual representation of
the user in a virtual environment) in virtual reality, it is important
to identify the factors eliciting the sense of embodiment or the fac-
tors that can disrupt this feeling. This paper reports an exploratory
study aiming at identifying internal factors (personality traits and
body awareness) that might cause either a resistance or a predispo-
sition to feel a sense of embodiment towards a virtual avatar. To
this purpose, we conducted an experiment (n=123) in which par-
ticipants were immersed in a virtual environment and embodied in
a gender-matched generic virtual avatar through a head-mounted
display. After an exposure phase in which they had to perform a
number of visuomotor tasks (during 2 minutes) a virtual character
entered the virtual scene and stabbed the participants’ virtual hand
with a knife. The participants’ sense of embodiment was measured,
as well as several personality traits (Big Five traits and locus of
control) and body awareness, to evaluate the influence of partici-
pants’ personality on the acceptance of the virtual body. The major
finding of the experiment is that the locus of control is linked to
several components of embodiment: the sense of agency is positively
correlated with an internal locus of control and the sense of body
ownership is positively correlated with an external locus of control.
Interestingly, both components are not influenced by the same traits,
which confirms that they can appear independently. Taken together
our results suggest that the locus of control could be a good predictor
of the sense of embodiment when the user embodies an avatar with
a similar physical appearance. Yet, further studies are required to
confirm these results.
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1 INTRODUCTION

When immersed in a virtual environment (e.g. using an HMD)
the virtual representation of the user (the avatar) serves as the link
between the real and the virtual world, as users’ actions in the
real world are mapped to their virtual counterpart. The avatar can
enhance perception of the virtual environment [12,47] and user
performance [57], but can also improve user experience (e.g., by
increasing presence [66] or changing users’ behaviour [78]). Yet, in
order to fully exploit the benefits of the avatar, users must clearly
feel that the avatar is their own representation over which they have
the control, in other words, they have to “embody” it [51]. Under-
standing this process can contribute to develop better applications
involving the use of avatars like in health [44], cinema [8] or social
environments [23].

The sense of embodiment in virtual environments is commonly
defined as the combination of three sub-components: self-location,
body ownership and agency [31]. These components represent three
different aspects of embodiment, which can be correlated or appear
separately, depending on the situation [42]. Most studies on virtual
embodiment have explored factors linked to the avatar itself (e.g.,
appearance [3,51], realism [45]) or to the apparatus (e.g., degree of
control [11], nature of the stimulation [33]). However, these factors
are “external factors”, i.e., are mostly linked to the avatar itself or
to the experiment protocol, but not to the “internal” user state (e.g.
personality or background experiences). Indeed, while most studies
are able to show general trends of the influence of such “external”
factors, the inter-user variability remains non-negligible. In practice,
we can observe that some people easily believe in the illusion, while
others are in the contrary totally refractory. This observation led us
to investigate how individual differences could influence the sense
of embodiment in virtual reality (VR).



In this paper, we therefore present an exploratory experiment
where we investigated the link between “internal” factors (personal-
ity traits and body awareness) and the sense of embodiment. One
hundred and twenty three participants were embodied in a virtual
avatar while taking part in the experiment, which was divided into
three phases: adaptation, induction and threat. In the adaptation
phase participants were able to freely explore the environment and
their avatar, in the induction phase participants had to reproduce a
series of visuomotor tasks (see Figure 1, left) and in the threat phase,
a virtual character appeared in the environment and threatened the
avatar’s hand with a knife (see Figure 1, right). At the end of the
experiment, users were asked to fill in an embodiment questionnaire,
as well as four additional questionnaires assessing different “internal”
dimensions about them: the Big Five Inventory (BFI), the Ten-Item
Personality Inventory (TIPI), the Internality, Powerful others and
Chance scale (IPC scale) and the Body Awareness Questionnaire
(BAQ).

Our main result is that the locus of control (i.e., the degree to
which people believe that they have control over the outcome of
events in their lives, as opposed to external forces beyond our con-
trol), plays an important role in explaining the sense of embodiment.
More precisely, we demonstrated that an internal locus of control
is positively correlated with the sense of agency, but that an exter-
nal locus is positively correlated with the sense of ownership. We
however did not find strong correlations between the sense of embod-
iment and either the Big Five personality traits or body awareness.
These results contribute to a better understanding of the influence of
“internal factors” on the sense of embodiment and pave the way to
further studies exploring this matter. In summary, our main contri-
butions are therefore 1) the exploration of how personality traits and
body awareness can influence the sense of embodiment through a
large-scale VR experiment involving one hundred and twenty three
participants, and 2) the identification of a main personality trait (the
locus of control) which seems to be a principal influence on the
sense of embodiment in VR.

The remainder of the paper is structured as follows. First, Sec-
tion 2 reviews related work on the role of inter-personal differences
in presence and on the sense of embodiment. Then, Section 3
describes the experiment, including the questionnaires we used. Sec-
tion 4 describes the results of the experiment, which are discussed
in Section 5. Finally, Section 6 provides the concluding remarks.

2 RELATED WORK

This section reviews a number of works which have explored the role
of inter-personal differences (e.g. personality) in VR. Because of the
amount of work that was done in the past on the influence of inter-
personal differences on presence, we first look at this specific aspect
of the related work. However, as presence is typically linked to the
perception of the virtual environment itself, and not specifically to
the perception of the avatar, we then review in a second stage the
major concepts and key studies on virtual embodiment, which is the
interest of this paper, as well as the few studies which have tried to
link inter-personal differences and embodiment.

2.1 Role of Inter-personal Differences in Presence

Presence, the feeling of being there, has been widely studied in
VR [67], in particular personality models with different dimensions
like the OCEAN model have been used in order to characterise inter-
personal differences. The OCEAN model, also known as the “Big
Five” personality traits, is a taxonomy of personality traits that uses
common language descriptors in order to identify five personality
dimensions: Openness to experience, Conscientiousness, Extraver-
sion, Agreeableness and Neuroticism. For example, it was found that
agreeableness was positively associated with spatial presence [58].
Weibel et al. [76] studied the link between the Big Five traits and
immersive tendency (which contributes to the sense of presence [40])

and found that openness, extraversion and neuroticism were posi-
tively correlated with immersive tendency. However, a number of
studies have found contradictory results. For example, regarding the
influence of extraversion, it was found to be positively [36] or to be
negatively correlated [29] with presence.

In addition to the “Big Five”, other personality traits that have
been investigated are absorption (the disposition for having episodes
of “total” attention that fully engage one’s representational re-
sources [69]) and dissociation (the lack of normal integration of
thoughts, feelings, and experiences into the stream of consciousness
and memory [43]). They were first both found associated with reality
judgment [4]. Then their influence on presence was studied and they
were sometimes both found positively correlated with presence [58],
sometimes only dissociation was associated with presence [49] or
neither of them was correlated [54]. Kober and Neuper [32] found
that absorption was a good predictor of presence, no matter what
presence questionnaire was used. Moreover, empathy is another trait
which has been studied in the past, and demonstrated to be related
to feeling a higher sense of presence [40, 50, 59].

Finally, the locus of control was also demonstrated to have an
influence on the sense of presence. However contradictory results
were found, namely that either an external [49] or internal [74] locus
of control was improving presence depending on the study.

2.2 The Sense of Embodiment

The phenomenon of embodiment has multiple definitions in cogni-
tive sciences, one of them being that “E is embodied if and only if
some properties of E are processed in the same way as the properties
of one’s body” [10]. The rubber-hand illusion (RHI) experiment [5]
is one of the most famous works showing the possibility to create
an illusion of owning a body which is not ours (i.e. feeling that the
rubber hand is our own hand). Further experiments have also ex-
plored full-body embodiment, such as being embodied in a full-size
mannequin [53]. Overall, the research on embodiment has been fa-
cilitated with the emergence of VR, which permits to investigate in a
more controlled manner and in more depth the necessary conditions
to elicit such illusion.

In VR, the sense of embodiment has been decomposed into three
main dimensions [31]: (1) the sense of self-location, i.e. the feeling
of being located inside the avatar’s body, (2) the sense of agency,
i.e. the feeling of being in control of the avatar and having an
influence on the virtual environment, and (3) the sense of body
ownership, i.e. the feeling of owning the avatar’s body. In the
following Sections, we review works aiming at better understanding
the sense of embodiment in VR, focusing either on “external” (i.e.
depending on the experimental setup or the avatar itself) or “internal”
factors (i.e. depending on the state of the subject).

2.2.1 External Factors

VR enables the full control of a wide number of experimental factors,
from the stimulation protocol to the appearance and morphology
of users’ avatar, which has resulted in a notable body of literature
examining the impact of such factors on the perceived sense of
embodiment.

The first studies conducted in VR with respect to virtual embodi-
ment, focused on the sense of ownership, trying to reproduce the
rubber-hand illusion in VR [64]. In particular, Kokkinara et al. [33]
showed that in order to feel body ownership in VR, the synchronic-
ity of visuotactile or visuomotor stimulation are needed, and that
visuomotor feedback has more influence on body ownership than vi-
suotactile stimulation. Despite the fact that it is possible to feel some
ownership when seeing only virtual hands and feet [34], the avatar’s
appearance has been shown to be of importance to maximise the
ownership illusion. For example, it is usually stronger with an avatar
with coherent clothes or skin tone [45], and potentially even higher
with a self-representation [21]. Furthermore, VR also enables to



embody users in avatars which differ from their self-representation,
such as embodying an avatar with the opposite gender [65], with a
child’s body [3], with a non-matching skin color [51] or even with
three arms [37]. These works showed in general that it was possible
to generate a sense of embodiment.

Regarding the sense of agency, an important factor is the syn-
chrony between users’ action and the visual feedback [26]. While
users can still feel in control when the offset between the action
and the feedback is slightly manipulated, the sense of agency is
however lost when the visual feedback becomes too obviously asyn-
chronous [11]. Regarding visual appearance, the sense of agency
could also be elicited even with point-line avatars [77] and with
virtual limbs in implausible positions [71]. Also, the sense of agency
is strongly coupled with the interaction capabilities of the avatar [1].

Finally, regarding the sense of self-location, studies have shown
that third-person perspectives usually provokes a drop in the sense
of self-location [20,46]. However, with a synchronous visuotactile
stimulation, it is possible to experience a progressive shift toward
the virtual body seen from a third person point of view [38].

2.2.2 Internal Factors

External factors focus on different experimental conditions (e.g.
stimulation, appearance, perspective), yet, they rarely consider indi-
vidual differences. Internal factors, such as body awareness [9] and
personality traits [26] have been studied in relation to the sense of
embodiment.

However, the majority of the works addressing such internal
factors have mainly focused on the RHI in the physical world. The
influence of body awareness, a cognitive ability that makes us aware
of our body processes, has been studied but no correlation was found
with the strength of RHI [9]. Regarding personality and RHI, it
has been found that the RHI is stronger for empathic people [2,61].
The sense of ownership in the RHI was also found correlated with
traits like the Novelty Seeking trait (from the TCI-R questionnaire)
or Psychoticism (from the SCL-90-R questionnaire) [35]. Also,
higher responses to the RHI have been reported for people suffering
from personality or psychotic disorders: dissociative subtype of
post-traumatic stress disorder (PTSD) [56], schizophrenia [52,70]
and schizotypal personality disorder [2,73].

Finally, recent works have started to focus on the potential role
of personality traits in virtual embodiment. One example being the
work of Jeunet et al. [26] which showed that the feeling of agency is
linked to an internal locus of control.

The literature review thus showed both a clear interest and impor-
tant results regarding the influence of personality on user’s sense of
presence in VR and on users’ sense of embodiment in the physical
world. Some more recent work also revealed an influence of the
locus of control, a personality trait, on the sense of embodiment
in VR. This last result highlighted the potential role of individual
differences in the elicitation of the sense of embodiment in VR and
in this way, raised the concern of exploring deeper their possible link
with the sense of embodiment in VR. For this reason, the presented
study explores the influence of a wider range of personality traits
and of body awareness on the sense of embodiment in VR.

3 EXPERIMENT

In order to explore the potential influence of personality traits and
body awareness on the sense of embodiment, we conducted an ex-
periment in which participants were embodied in a gender-matched
avatar. The main experimental task was a visuomotor task involv-
ing the upper-body in order to elicit the sense of embodiment over
the avatar. After the experiment, participants were asked to fill in
subjective questionnaires on embodiment and presence, as well as
several personality and body awareness questionnaires.

> R D> A

> A P> A

Figure 2: Examples of four trajectories that participants were in-
structed to perform during the experiment with either their left or
their right hand

3.1 Participants

One hundred and twenty three participants (age min=18, max=60,
avg=30.3£9.0, 58 women and 65 men) took part in our experiment.
The majority of them were students and staff from our research
center. All participants freely volunteered for the experiment and
most of them were curious about virtual reality. They did not receive
course credits nor economical compensation. They were all naive to
the purpose of the experiment and had normal or correct-to-normal
vision. People wearing glasses could keep them if they were not
generating any discomfort. All participants gave written and in-
formed consent. The study conformed to the declaration of Helsinki,
and was approved by the local ethical committee. Seventy-six partic-
ipants reported to have no previous experience in VR, twenty-five to
have some previous experiences in VR and twenty-two to be experts.

3.2 Experimental Protocol

Before the experiment: Upon their arrival, participants were first
briefed about the experiment, read and signed the consent form.
They were then equipped with the HMD and the controllers, were
asked to sit on a chair in front of the table where the experiment
would be conducted, and a calibration phase was performed to adapt
the avatar to their dimensions. More precisely, the global scale of
the avatar was first adapted to match the height of the participant.
Then, participants were asked to take a seated T-pose (reach arms on
the side), in order to measure their arm span using both controllers.
The distance between the two controllers was therefore used to
adjust the avatar’s arm length, while the headset position was used
to scale the avatar’s spine so that the avatar’s head position matched
the user’s one. Participants were then asked to freely discover the
environment. We did not impose a fixed time during the acclimation
phase. Yet, all participants were encouraged to explore the scene,
their avatar, and to look into the mirror. When they were ready, they
could start the task.

Experimental task: Participants sat in front of a real table and saw
a similar co-located virtual table, while being immersed in the virtual
environment from a first-person perspective. They were asked to put
their hands on the virtual table (on two white spots) receiving by this



Figure 3: The two avatar models used in our experiments, which
were matched to the gender of the participant.

occasion passive haptic feedback from the physical table. They hold
in their hands the real controllers that were also represented in the
virtual world for coherence concern. A virtual screen was positioned
in front of them, on the table, and a virtual mirror was located on
their left (Figure 1). We chose to use a mirror as it is supposed to
induce a greater sense of ownership [19,25]. Also, we decided to
induce the sense of ownership using visuomotor feedback since it
has been shown to be stronger than visuotactile synchronisation to
induce body ownership [33].

2D trajectories were displayed on the screen (see Figure 2), which
participants were instructed to reproduce in front of them, using ei-
ther their right or left hand according to the instruction provided.
The trajectories presented were chosen to be relatively simple (num-
ber eight, circle, triangle, etc) to avoid a high cognitive load, which
could have distracted participants from their avatar and the envi-
ronment. After each drawing, they had to put back their hands on
the white spots on the table. The task lasted two minutes during
which participants saw their avatar moving synchronously according
to their movements. After the achievement of the task, a virtual
character entered the room and stabbed the virtual hand with a knife.
We measured the reaction to the threat (hand motion), in order to
inspect its potential correlation with the sense of ownership.

After the experiment: Participants were asked to fill in a number of
questionnaires. First they filled in a demographic questionnaire, then
they answered questions about embodiment, as well as questions
about presence. They also filled in several personality questionnaires,
and a body awareness questionnaire. Collected data are presented in
more detail in Section 3.4.

3.3 Apparatus

The experiment was developed using Unity 2018.1.6f1. Participants
saw the virtual environment through an HTC Vive PRO HMD, while
their hand movements were tracked using the Vive controllers. The
FinalIK plugin was used to animate the participants’ avatar with
Inversed Kinematics and to provide visuomotor feedback, based on
the participants’ head (HMD) and hands (controllers) movements.
During the experiment, two avatar models were used to match the
participant’s gender (see the male and female avatars in Figure 3).
Because appearance is a major contributor to the sense of embod-
iment, using personalised avatars might lead to high embodiment
ratings for most participants [75], which would prevent us from
exploring the influence of individual traits on embodiment. We
therefore decided to use gender-matched generic avatars to obtain a

higher variability in embodiment ratings, i.e., to obtain both low and
high embodiment ratings across participants. Also, the animation of
the virtual character threatening the participant’s hand at the end of
the task was recorded using an Xsens motion capture system prior
to the experiment, and mapped onto another virtual character (see
Figure 1, right).

3.4 Collected Data
3.4.1 Embodiment and Presence Questionnaires

To measure embodiment, participants were asked to fill in the stan-
dardised subjective questionnaire proposed by Gonzalez-Franco and
Peck [18]. It is composed of questions divided in several categories:
body ownership, agency, tactile sensations (not used in our experi-
ment), location, external appearance and response to external stimuli
(referred to as threat perception in this paper). Participants therefore
answered 19 questions on a 7-point Likert scale.

Given the shortness (6 questions) of the Slater-Usoh-Steed (SUS)
presence questionnaire [72] typically used in such experiments in the
past, we also decided to include this questionnaire. People rated each
question on a 7-point Likert scale. Our goal was to confirm previous
results linking personality to presence, despite the already important
number of questionnaires in our study. In particular, assessing how
similar our results are to previous work on the relation between
personality and presence would also be of value to further validate
potential results on the sense of embodiment.

3.4.2 Behavioural Response

In addition to the embodiment questionnaire, we recorded partic-
ipants’ hand movements during the threat (character stabbing the
participant’s virtual hand at the end of the experiment), in order to
evaluate how much participants considered the avatar to be their own
body. In this situation, typically used in previous studies to provide
another measure of the sense of embodiment, participants who feel
embodied in their avatar are more likely to remove their hand [15],
suggesting that they consider the virtual body to be their own.

3.4.3 Psychological Variables

As we wished to explore the effect of several aspects of personality
and ability on embodiment, we selected a number of questionnaires
which participants filled in after the experiment. These question-
naires were chosen to explore aspects we believed could influence
embodiment, while ensuring that the duration for answering all these
questionnaires was reasonable. Our choice was also based on the
few studies conducted on internal factors, using for example body
awareness and locus of control as independent variables. Four ques-
tionnaires were therefore selected (BFI, TIPI, IPC, BAQ), which
are presented below with our corresponding exploratory questions
of interest. Research questions were preferred instead of precise
hypotheses because of the lack of literature and the wide range of
traits evaluated in our experiment. On average, participants took
20 minutes to answer all the questionnaires. It is also important to
mention that the experiment was conducted on a French campus,
and that we therefore used the French validated translation of these
international questionnaires in our experiment. All the Likert scales
used are the ones proposed in each validated questionnaire, going
from the lower bound (strong disagreement) to the upper bound
(strong agreement).

Big Five Personality traits taxonomy is a common way of describ-
ing one’s personality, even though not the only one that exists. In
this model, called the Big Five or OCEAN model [17], personality
is typically described by five dimensions, which are Openness to
experience, Conscientiousness, Extraversion, Agreeableness and
Neuroticism. While several questionnaires of various complexity ex-
ist to assess these personality dimensions (e.g., 240-item NEO PI-R,
44-item BFI) we chose two questionnaires to use in our experiment.



First, we used the 44-item Big Five Inventory (BFI) [27] adapted
to French by Plaisant et al. [55], where each item is rated on a 5-
point Likert scale. This is a relatively short questionnaire, compared
for example to the 240-item NEO PI-R questionnaire, but still quite
complete [28], and used in research [7,24]. It therefore seemed
more adapted to an experiment involving several questionnaires.
In this regard, a first question of interest was to study whether
some personality traits were potentially correlated with the different
components of embodiment (Q1).

However, despite the popularity of the BFI questionnaire and its
relatively short length (44 items), being able to evaluate quickly
how a user’s personality traits would affect embodiment prior to a
VR experience would be greatly improved if shorter questionnaires
could be used. Therefore, we decided to include a second personality
questionnaire, namely the Ten Item Personality Inventory (TIPI) [22],
and used the French version [68], where each item is rated with a
7-point Likert scale. In particular, our goal was to study the extent to
which the TIPI questionnaire would enable us to explain embodiment
felt in VR compared to the more complete BFI questionnaire (Q2).

Our research questions related to the influence of Big Five per-
sonality traits on the sense of embodiment were therefore:

Q1: Do some of the users’ Big Five traits are correlated
with their sense of embodiment in VR?

Q2: Do TIPI and BFI questionnaires show similar person-
ality traits correlations with the sense of embodiment in
VR?

Locus of Control (LoC) (i.e., the degree to which people believe
that they have control over the outcome of events in their lives as
opposed to external forces beyond their control) is another set of
personality traits, which was demonstrated to have an influence on
the sense of presence [49,74] and on the sense of agency [26]. We
therefore included a questionnaire to measure one’s LoC, and used
the common 24-item IPC scale [39], translated in French by Loas
[41], using a 6-point Likert scale. This questionnaire determines
LoC according to three dimensions: Internal, Powerful others and
Chance. These dimensions typically mean that someone with an
external LoC will tend to think that everything happens because of
fate (chance type of locus) or powerful people (powerful others type
of locus), while someone with an internal LoC will tend to think that
he can change events with his own will and actions.

As a previous study [26] showed that an internal LoC is positively
correlated with the sense of agency, we expected to find the same
results in our study (Q3). Moreover, while this seems in agreement
with the fact that the LoC is directly related to the action, there is
no information about the possible influence of LoC on the sense of
ownership. Therefore, we investigate whether ownership could also
be correlated with an internal LoC (Q4), since some studies found
that the sense of ownership and the sense of agency are based on
similar processes and can strengthen each other [13,30].

Our research questions related to the influence of internal and
external LoC on the sense of embodiment were therefore:

Q3: Is an internal LoC positively correlated with the sense
of agency, as previously found [26]?

Q4: Is the sense of ownership also correlated with an in-
ternal LoC?

Body Awareness is a cognitive ability that makes us aware of our
body processes. Because it can change the way we perceive our
real body, there is a possibility that it could also influence the per-
ception of our virtual body. While body awareness was not found
to influence the RHI in the physical world [9], another study did

show that the other way, it could be disturbed by the body owner-
ship illusion [71]. Furthermore, to our knowledge, no studies were
conducted to investigate its influence on the sense of embodiment
in VR. We therefore decided to also include this personal ability
in our study, and used the 18-item Body Awareness Questionnaire
(BAQ) [62], where each item is rated on a 7-point Likert scale,
translated in French by Dumont [14]. This questionnaire is a self-
report assessment of the body awareness, estimating the attention
and consciousness we have of our body processes, often used in
research because of its high reliability and validity compared to other
self-report instruments [48].

Our research question related to the influence of body awareness
on the sense of embodiment was therefore:

QS5: Is body awareness correlated with the sense of embod-
iment?

4 RESULTS

In order to analyse the link between internal factors and the sense
of embodiment, Section 4.1 first explores the relationship between
the embodiment scores (ownership, agency, self-location, external
appearance and threat perception) and the Big Five, IPC and body
awareness data. The data from the TIPI questionnaire are not dis-
cussed as there were no significant results (Q2 is therefore answered
negatively). Then, Section 4.2 analyses the behavioural responses
and Section 4.3 the presence results.

4.1 Embodiment

Before conducting the following analyses, we analysed the poten-
tial effects of gender and experience in VR on the embodiment
questionnaires. Regarding gender, we performed Mann-Whitney
tests for each question trying to find significant differences over
such potential confounding factors. The analysis only showed two
significant differences for body ownership related questions (02
and O5) between male and female participants, while no significant
differences were found for the rest of the questions and factors. A
summary of embodiment answers is presented in Table 1, separated
by men and women answers when relevant. In order to avoid that
such differences add noise to the rest of the analysis, the population
was split into two groups (men and women) for the body ownership
analysis. Regarding experience in VR and video games, we used
Pearson correlations to see a potential influence on embodiment. We
only found a positive correlation between agency and the experience
in video games. For this reason, experience in video games is only
reported in the section of Agency.

As we ran the same analysis for each aspect of embodiment, we
summarise the procedure here for clarity. More precisely, we ran
a separate Polychoric Principal Components Analysis (Polychoric
PCA) for each aspect of embodiment on the different questions, as
Polychoric PCA takes into account the ordinal nature of Likert scales.
This type of PCA has already been used in similar studies [63].
As mentioned previously, a separate Polychoric PCA was run on
men and women data in the case of ownership. As proposed in the
standard questionnaire [18], we used the empirical Kaiser criterion to
automatically select the number of principal components explaining
sufficient amounts of variance, then performed a PCA with this
number of components using an oblimin rotation, enabling us to
interpret the selected components (see the summary of the obtained
components in Figure 4, and exact values in Appendix A). Pearson
correlations were then computed (see summary in Table 2) to explore
potential links between the different components of embodiment
and the internal factors questionnaires results. As we did not find
results for the sense of self-location, this part was removed from the
analysis.

A multiple linear regression was performed when correlations
were found for a given component, as in other cases it would be
difficult to find a good model with variables that are not correlated



Table 1: Statistical summary of the embodiment questionnaire responses, for each question we report the median and the first and third quartiles.
If there was a significant difference between the men and women answers, we report the summary for each group. O: body ownership, A:
agency, L: self-location, EA: external appearance, T: threat perception

. Median[Q1,Q3]
ID Questions Men Women
0Ol I felt as if the virtual body was my body 4[3,5]
02 I felt as if the virtual body I saw was someone else 3[2,4] 41[3,5]
03 It seemed as if I might have more than one body 2[1,4]
04 I felt as if the virtual body I saw when looking in the mirror was my own body 41[2,5]
05 I felt as if the virtual body I saw when looking at myself in the mirror was another person 302,51 513,6]
Al It felt like I could control the virtual body as if it was my own body 6 [5,6]
A2 The movements of the virtual body were caused by my movements 716,7]
A3 I felt as if the movements of the virtual body were influencing my own movements 2[1,4]
A4 I felt as if the virtual body was moving by itself 1[1,2]
L1 I felt as if my body was located where I saw the virtual body 61[4,6.5]
L2 I felt out of my body 2[1,4]
EA1 It felt as if my (real) body were turning into an “avatar” body 3[1,5]
EA2  Atsome point it felt as if my real body was starting to take on the posture or shape of the virtual body that I saw 2[1,5]
EA3 At some point it felt that the virtual body resembled my own real body, in terms of shape, skin tone or other visual features 2[1,4]
EA4  Ifelt like I was wearing different clothes from when I came to the experience 3[1,5]
Tl I felt that my own hand could be affected by the knife 2[1,5]
T2 I felt fear when I saw the knife 2 [1,5]
T3 When the knife appeared above my hand, I felt the instinct to remove my hand from the table 1[1,5]
T4 I had the feeling that I might be harmed by the knife 2[1,4]

with the studied component. We used a backward stepwise method
to select the best predictors, using the Akaike Information Criterion
(AIC), i.e. we started with all the variables and progressively re-
moved them so as to minimise the AIC value. We chose the AIC
over the adjusted R? as it also accounts for the complexity of the
model [16]. All the multiple linear regression models computed are
summarised in Table 3.

4.1.1 Body Ownership

As answers to body ownership questions were significantly different
for men and women, we did two separate analyses for men and
women participants.

Men. Two components were selected (Opcy y and Opcs pr), which
explained 65% of the variance. Opci » was mainly influenced by the
questions O1, 02, O4 and OS5, while Opc» ps was mostly influenced
by O3.

We only found a positive correlation between Opcy p and the
chance type of LoC (r = 0.248, p = 0.047). As we did not find
correlations between Opcy y and any of the variables, we do not
consider it further.

We performed a multiple linear regression for Opcy p using the
different psychological variables. We obtained a model with internal
LoC, chance LoC and body awareness (adjusted R = 0.169, p =
0.003).

Women. Two components were selected (Opcy r and Opca ),
which explain 63% of the variance. Opc  was mainly influenced
by the questions O1, O2 and O3, while Opc> r was mostly influ-
enced by O4 and 05.

Then, we found a negative correlation between openness and
Opc1,r (r=—0.293, p = 0.026), as well as positive correlations be-
tween Opcy r and both the chance type LoC (r = 0.366, p = 0.005)
and the powerful others LoC (r = 0.427, p < 0.001).

The linear regression for Opc g gave us a model with openness,

conscientiousness, internal LoC, powerful LoC, chance LoC and
body awareness (adjusted R> = 0.239, p = 0.002).

4.1.2 Agency

One component was selected (Apcy) which explains 48% of the
variance. It was mainly influenced by the questions A1, A2 and
A4. We found a positive correlation between Apc; and the internal
LoC (r =0.248, p = 0.006). The linear model found for Apc; was
composed of agreeableness, internal LoC and body awareness (R* =
0.079, p = 0.005). We also found a positive correlation between
Apc; and the level of experience in video games (r = 0.184, p =
0.04).

4.1.3 External Appearance

One component was selected (EApcy), which explains 51% of the
variance and was influenced positively by all the questions on ap-
pearance (EA1 to EA4). We only found correlations with the internal
LoC (r=0.195, p =0.031) and chance LoC (r = 0.201, p = 0.026).

However, as it seemed surprising that external appearance was si-
multaneously influenced by opposite (i.e., internal and external)
types of LoC, we performed further Pearson correlations sepa-
rately on the male and female populations, and found that the ex-
ternal appearance was more strongly related to the internal LoC
for men (r = 0.306, p = 0.013) and to the chance LoC (r = 0.311,
p = 0.017) for women.

We performed two multiple linear regressions, by separating
male and female populations. For men, the optimised model was
composed of neuroticism, internal LoC and chance LoC (adjusted
R% =0.169, p = 0.002). For women, the optimised model was only
composed of chance LoC (adjusted RZ = 0.081, p = 0.017).

4.1.4 Threat Perception

One component was selected (Tpc;), which explains 84% of the
variance. All the questions about threat perception (T1 to T4) con-
tributed positively to this component. A positive correlation was
found with neuroticism (r = 0.258, p = 0.004). The linear regres-
sion gave us a model with agreeableness and neuroticism (adjusted
R% =0.088, p =0.001).

4.2 Threat Response

In order to evaluate participants’ response to the threat in a more
objective manner, we also computed their accumulated right hand
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Figure 4: Contributions (i.e. weights) of the embodiment questions
to the different components (Opc1 s and Opcy p (for men), Opcy p
and Opcy,r (for women), Apcy, EApct, Tpct)

motion (the stabbed hand) during the threat period to determine
whether they reacted or not to this threat. More precisely, we com-
puted the accumulated right hand motion between the moment when
the knife was above the hand (approximately 0.5s before the stab)
and the moment when the character removed the knife (approxi-
mately 1.5s after the stab). Six participants were removed from
the analysis because of missing data (controllers positions were not
saved), one because he/she removed his/her hand without holding
the controller, and one because he/she removed his/her hand before
the stab.

Across participants, the average accumulated hand motion was
9.154+19.7 cm (median=1.93cm; min=1.05cm; max=114cm) ,
which was positively correlated with the threat perception score
(r=0.561,p < 0.001). In addition, we computed Pearson correla-
tions between the participants’ accumulated hand motion and their
psychological variables, to determine if their personality traits or
abilities would influence the degree to which they reacted to the
threat, but we did not find significant correlations.

However, as the threat response can also be considered as a binary
variable (whether participants reacted or not), we then performed a
further analysis by computing a multiple logistic regression model on
whether participants reacted or not. In particular, we considered that
participants reacted to the threat if their accumulated hand motion
was greater than Scm (threshold experimentally identified from the

experimenter’s records of whether participants actually reacted).
With this criterion, 30 participants were considered to have reacted
to the stab out of the 115 participants kept for this analysis. We then
used AIC to select the variables to remove from the multiple logistic
regression model, and found a model only composed of neuroticism
(B =0.027, p = 0.022) and chance LoC (§ = —0.062, p = 0.140).

4.3 Personality Influence on Presence

As previously mentioned, we also asked participants to answer pres-
ence questionnaires to assess how similar our results on the relation
between personality and presence were from previous work, as well
as to strengthen potential results on the sense of embodiment.

While we used Polychoric PCA to analyse the results of embod-
iment, previous work on presence commonly used a simple mean
score over the SUS questions. In order to compare our results to
previous work, we therefore followed the same procedure. As for
the sense of embodiment, we studied Pearson correlations to identify
potential links between presence and personality traits. We found
positive correlations with agreeableness (r = 0.227, p = 0.012) and
with the internal LoC (r = 0.203, p = 0.024).

We performed a multiple linear regression which gave us a model
composed of agreeableness, neuroticism, internal LoC and chance
LoC (adjusted R* = 0.134, p < 0.001).

4.4 Other Interesting Results

In order to get a clearer understanding of the potential relations
between the different aspects of embodiment, we also computed
Pearson correlations between all the components that relate to the
sense of embodiment. Across men and women participants, we first
found a positive correlation between external appearance (EApcy)
and threat perception (Tpcq) (r = 0.327, p < 0.001), showing that
participants tended to be more sensitive to the threat on their avatar
when they also rated higher questions on external appearance.

As body ownership analyses were performed separately on men
and women, because of significant differences in answering some
of the questions, we also looked at correlations separately in this
context. First it is interesting to note that we found a positive cor-
relation between external appearance (EApc;) and all the men and
women ownership components (Opcy p: = 0.345, p = 0.005;
Opcom: r=10.287, p = 0.020; Opc1 r: r = 0.564, p < 0.001;
Opcar: r=0.593, p < 0.001). For both men and women, we
also found a correlation between the threat perception (Tpcq) and
their first ownership component (Opcya: 7 = 0.355, p = 0.004;
r=0.289, p = 0.028).

5 DiscussION

This experiment on the sense of embodiment, in which 123 par-
ticipants took part, is to our knowledge the first VR experiment
measuring embodiment as well as several personality traits and body
awareness. Our aim was to explore how internal factors (individ-
ual differences) could modulate virtual embodiment experiences.
In this section, we discuss the obtained results for each aspect of
embodiment, as well as future work.

5.1 Sense of Embodiment

For each aspect, we first discuss the global obtained scores. While
we used PCA for the analysis, here we mention scores for the differ-
ent aspects using summation equations provided by [18] in order to
provide a simpler interpretation for discussion. Then we discuss the
results concerning the Big Five traits and the locus of control, and
finally potential other noticeable results like differences between
men and women or interesting correlations with other variables.

5.1.1 Body Ownership

Overall, body ownership scores were in the average (M = 4.3;SD =
1.1), with a high variability, i.e. people presenting either low or



Table 2: Pearson correlations for ownership (men and women), agency, external appearance, response to threat and presence

Opcim Opcir  Opcar

APCl EAPCl TPCl Presence

Openness -0.293*
Conscientiousness

Extraversion

Agreeableness

Neuroticism

0.227*
0.258%*

Internal
Powerful others 0.427%*
Chance 0.248* 0.366%*

0.248**  (0.195* 0.203*

0.201*

Body awareness

(x:p<0.05 ; #x:p<0.01)

high levels of body ownership. This could be explained either by
the individual differences of participants and/or the use of a generic
avatar. Our results also show that the question related to the co-
located virtual body (O1) was rated higher than the question related
to the avatar visible in the mirror (O4), which seems to suggest that
the use of a mirror could be detrimental in some cases, as it might
emphasise the appearance differences.

Regarding the influence of personality traits, our results first
demonstrated that body ownership is to some extend correlated with
external dimensions of the locus of control, both for male and female
participants. This result answers Q4, but not as expected. Since the
sense of ownership and agency usually strengthen each other, we
expected ownership to be correlated with an internal locus of control,
as is the case for agency. However, our results suggest that body
ownership is actually more influenced by external dimensions of the
locus of control. Typically, people with an external locus of control
tend to think that things happening to them depend mostly on the
influence of other people or chance. Therefore, our results suggest
that people with an external locus of control might feel embodied
in a virtual representation more easily than people with an internal
locus of control.

In conducting this study, we expected some of the Big Five per-
sonality traits to influence ownership (Q3). However, our results
did not show any evidence of such an influence. Similarly, we
also measured body awareness, i.e., the cognitive ability of being
aware of body processes, which we supposed could also influence
embodiment in general (Q5). Even though body ownership scores
tended to be low for people with high body awareness, the results
were not significant. Similarly, experience in VR and video games,
which could have influenced body ownership, did not show any
influence, suggesting that experience in virtual-type applications
does not influence how one’s accept a virtual body as its own.

Finally, we also noticed that women gave higher scores to the
question OS5, which means that they had a higher feeling that the
avatar in the mirror was someone else. It is difficult to assess what
might explain this result, but a possible assumption would be the
fact that the avatars were not personalised. More precisely, it is
possible that the male avatar had more average physical character-
istics regarding the population of the experiment than the female
avatar (brown hair and average build for male avatar compared to
blond hair and skinny body for female avatar). While this result
shows that differences can appear between different user groups as
it was previously found in other studies [60], and that the visual
resemblance of the avatar might also influence these results, further
studies would be necessary to better understand these influences.

5.1.2 Agency

On average, agency scores were high (M = 5.1;8SD = 0.7), showing
that participants felt in control of the avatar’s movements. First,
we found that the sense of agency is correlated with the internal

dimension of the locus of control, which positively answers our
question Q3 and is in line with previous findings [26]. Therefore,
it seems that people who feel a higher control on happening events
tend to also experience a higher control of their virtual body, and
might therefore feel more responsible of the avatar’s movements.
However, we did not find correlations with the other personality
traits from the Big Five. Interestingly, we also found a positive
correlation with the level of experience in video games, showing that
the more people have experience in video games, the more they feel
they have control over their avatar. This result is also supported by
participants (with high gaming experience) feedback, who reported
that they felt in control both because the avatar was moving well
according to their movements and because they felt that there was
no latency in the displayed movements.

5.1.3 External Appearance

External appearance scores were overall below average (M = 3.0;
SD = 1.3), meaning that participants did not really have the feeling
that the avatar looked like them. Our results showed that the accep-
tance of the avatar’s external appearance was positively correlated
with the internal and the chance dimensions of the locus of control.
This result is particularly surprising as it shows that external appear-
ance is simultaneously influenced by opposite (internal and external)
types of locus of control. However, further exploration showed that
these effects were due to external appearance being more correlated
with an internal locus of control for men, but with a chance locus
for women. However, these results cannot be interpreted in terms
of differences between men and women’s personality traits and can
only be interpreted separately. Women with a chance locus of con-
trol tend to have higher external appearance scores, i.e., they tend to
think that the self-avatar is a look-alike avatar. This result is similar
to the one obtained for ownership, which was also correlated for
women with an external locus of control and could be explained
for the same reasons evoked previously. In contrary, men with an
internal locus of control tended to have higher external appearance
score. This means that men thinking that they can control their own
life tend to more believe their avatar is similar to them. Although
those interesting results also highlight differences between groups of
population, deeper studies would be required to clarify these effects.

5.1.4 Threat Perception

Threat perception scores were particularly low (M =2.9; SD = 2.0),
which is in accordance with the number of people who actually
reacted to the stab (30 out of 115 whose reactions to the threat
were recorded). This is supported by the feedback from several
participants who did not react to the threat and reported that they
felt that the virtual environment seemed “safe”, and therefore did
not feel threatened. Moreover, we found that threat perception was
correlated with neuroticism. Since people with a high degree of
neuroticism tend to be anxious, it is understandable that these same



people were more impacted by the introduction of the threat. The
fear of a threat is also commonly considered as an expression of the
sense of ownership in studies exploring the sense of embodiment.
If we did observed in our results that the threat perception was
also correlated with one component of ownership for both men and
women, it is however not enough to make a link between neuroticism
and the sense of ownership.

In addition to assessing threat through questionnaires, we also
measured the right hand motion in reaction to the stab. The model
which better explained the differences between people who reacted
from those who did not react was also influenced by neuroticism,
which confirms the influence of neuroticism on the response to
threat.

5.2 Presence

Our goal in investigating whether we found similar effects of person-
ality traits on presence than previous studies was to validate that our
experimental setup provided a similar basis than previous studies,
which would therefore simultaneously strengthen the value of any
results found for the influence of personality traits on the sense of
embodiment. As expected, we found similar correlations than in
previous studies, namely a correlation between presence and agree-
ableness [58], as well as between presence and an internal locus of
control [74].

5.3 Future Work

The different aspects of embodiment are very complex processes,
and our results confirm the fact that more studies are required to
further our understanding of these processes. In particular, while
we expected personality traits or cognitive abilities to enable us
to explain why some people easily believe in the illusion of being
embodied in a virtual body, and why others are in the contrary totally
refractory, we found that mostly the locus of control personality trait
was able to explain some of these differences. Therefore, we are still
far from uncovering all the mechanisms involved in eliciting high
senses of embodiment in every user, which would also require further
inter-disciplinary collaborations. For example, cognitive models
trying to explain the sense of ownership is still an on-going topic of
research evolving regularly [6] and involving different theories.

In this experiment, we decided to investigate individual factors
in relation to the sense of embodiment, which had not been deeply
explored yet in virtual reality. For the first study on this topic, we
therefore chose a number of questionnaires to explore the potential
influence of personality traits. Given the amount of personality and
cognitive models and questionnaires in the literature, it was therefore
not possible to be exhaustive, and we decided to focus on some of
the most common models (i.e., Big Five, Locus of Control, Body
Awareness). Further studies exploring the influence of other traits
and inter-personal aspects could also be interesting to improve our
understanding, e.g., absorption, empathy, cultural differences, racial
information.

In this study, we also chose to focus on a standard visuomotor
task, as it was previously shown to be stronger than visuotactile
synchronisation to induce body ownership. Conducting similar
experiments with more complex tasks would therefore also be of
interest, e.g., to evaluate the influence of the cognitive load or of the
type of stimulation. For instance, people reported that they tended
to forget the avatar while doing the task, therefore exploring tasks
involving more the actual user’s virtual representation would also be
interesting.

Finally, one interest of our experiment was to explore whether our
results could suggest the use of a novel pre-experiment questionnaire
to assess/predict the degree to which users would feel embodied in
their avatar. For this reason, we included both a longer and a shorter
version of the Big Five personality questionnaires (i.e., BFI and
TIPI), in order to evaluate if a shorter questionnaire could lead to

similar results in assessing the sense of embodiment from personality
traits. While our current results were not conclusive in this regard
(Q1, Q2), to be able to create such a questionnaire could prove a
valuable tool in the future to adapt the virtual experience to the
user in order to maximise his/her sense of embodiment. This would
however also require additional knowledge about which adaptations
are more fitted for some categories of users than others.

6 CONCLUSION

In this paper, we presented a first experiment exploring the influ-
ence of several personality traits and body awareness on the sense
of embodiment. Overall, our main results suggest that the locus
of control is correlated with some of its components: an internal
locus of control is correlated with agency, while an external locus of
control seems to be linked to body ownership. While the locus of
control provides some information about the sense of embodiment,
our results suggest that Big Five personality traits and body aware-
ness are not the main influencing factors. We only found a positive
correlation between neuroticism and the reaction to threat (both in
embodiment questionnaires and in actual behavioural responses).
This study is therefore another step towards a better understanding of
the sense of embodiment. In particular, we would like in the future
to be able to exploit the user’s profile to offer him a customised
experience, such as adding cues enhancing body ownership in cases
when the user is considered to be unresponsive to body ownership.
Another possibility could also involve increasing other aspects, such
as presence or enjoyment, for people who are refractory to some
aspects of the embodiment, instead of desperately attempt to elicit
this illusion.
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A APPENDIX A - MULTIPLE LINEAR REGRESSION MODELS Table 4: Multiple linear regression models for presence

Table 3: Multiple linear regression models for embodiment Presence
(x:p<0.05 ;5 +x:p<0.01 ; **xx:p<0.001) Variables B Pr(> 1))
Opcim Agreeableness 0.018 0.008 **
) Neuroticism 0.008 0.095
Variables B Pr(>l) Internal 0.061  0.001 **
Internal 0.059  0.003 ** Chance 0046 0.010%
Chance 0.054 0.004 **
Body Awareness -0.013 0.038 *
Opcir B APPENDIX B - PRINCIPAL COMPONENTS VALUES
Variables B Pr(>|t]) Table 5: Contributions (i.e. weights) of the different questions to the
men ownership components
Openness -0.010 0.021 *
Conscientiousness -0.008 0.068
Internal 0.038  0.006 ** Opcim  Oprcom
Powerful -0.026  0.055 Ol 0.740
Chance 0.038 0.010 ** 02 -0.475 0.623
Body Awareness -0.010 0.044 * 03 0.102 0.966
04 0.722
Opca F 05 -0.756
Variables B Pr(>l) Table 6: Contributions of the different questions to the women
- ownership components
Extraversion 0.006 0.112
Powerful 0.036 0.024 *
Chance 0.027 0.099 OPCI,F OPCZ.F
Body Awareness -0.008  0.174 01 0.471 0.272
02 -0.846
Apci 03 0.829
04 0.864
Variables B Pr(>t]) 05 -0.822
ﬁ%;fg:}) leness 8822 8(1)§§ - Table 7: Contributions of the different questions to the agency com-
Body Awareness -0.006 0.077 ponent
EApc; for men -
Apci
Variables B Pr(>t)) Al 0.722
A2 0.827
Neuroticism 0.285 0.036 * A3 -0.443
Internal 1.865 0.001 **%* A4 -0.713
Chance 0.843 0.102
Table 8: Contributions of the different questions to the external
EApc) for women appearance component
Variables B Pr(>|t]) EApct
Chance 1230 0.017* EAL 0716
EA2 0.719
EA3 0.727
Tre EA4 0705
Variables B Pr(>|t])
Table 9: Contributions of the different questions to the threat percep-
Agreeableness 0.465 0.029 * tion component
Neuroticism 0.457 0.002 **

Tpci

T1

0919

T2
T3

0.913
0.915

0.917
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