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Abstract

The application of advanced embodied technologies, particularly virtual reality (VR), has been suggested as a means to
induce the full-body illusion (FBI). This technology is employed to modify different facets of bodily self-consciousness,
which involves the sense of inhabiting a physical form, and is influenced by cognitive inputs, affective factors like body dis-
satisfaction, individual personality traits and suggestibility. Specifically, VR-based Mirror Exposure Therapies are used for
the treatment of anorexia nervosa (AN). This study aims to investigate whether the “Big Five” personality dimensions, sug-
gestibility, body dissatisfaction and/or body mass index can act as predictors for FBI, either directly or acting as a mediator,
in young women of similar gender and age as most patients with AN. The FBI of 156 healthy young women immersed in VR
environment was induced through visuomotor and visuo-tactile stimulations, and then assessed using the Avatar Embodiment
Questionnaire, comprising four dimensions: Appearance, Ownership, Response, and Multi-Sensory. Data analysis encom-
passed multiple linear regressions and SPSS PROCESS macro’s mediation model. The findings revealed that the “Big Five”
personality dimensions did not directly predict FBI in healthy young women, but Openness to experience, Agreeableness,

and Neuroticism exerted an indirect influence on some FBI components through the mediation of suggestibility.

Keywords Full body ownership illusion - Virtual reality exposure - Embodiment - Personality - Suggestibility - Body

dissatisfaction - Anorexia nervosa - Eating disorders

1 Introduction

The concept of “bodily self-consciousness” (BSC), defined
as the sensation of inhabiting a physical form (Blanke 2012;
Lenggenhager et al. 2007; Tsakiris et al. 2007), has been
demonstrated to hold a pivotal position in shaping cognition
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and self-perception. This is because our interaction with the
world is mediated through our own body, which serves as a
perceptual entity distinct from the surrounding environment
(Pyasik et al. 2022). As described in Riva (2016, 2018),
BSC is a coherent supramodal representation produced in a
body-self neuromatrix, not only from sensory inputs (exter-
oceptive, interoceptive, proprioceptive), but also through
the mediation of cognitive (thoughts, memories, meanings,
beliefs, attitudes, values, etc.) and affective inputs (feelings,
body satisfaction, etc.). Furthermore, many studies (e.g.,
Brewin et al. 2010; Melzack 2005; Riva 2014; Riva et al.
2014a, b; Serino and Riva 2014) suggested that different
mental health disorders (e.g., post-traumatic stress disorder
-PTSD-, eating disorders, depression, chronic pain, or even
autism, schizophrenia and Alzheimer’s) might be related to
an altered functioning of the BSC neuromatrix, and espe-
cially to abnormal interactions between perceptual (ego-
centric) and schematic (allocentric) contents coded in the
memory. These resultant maladaptive body representations
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typically remain beyond conscious awareness. Therefore,
the suggested approach for their modification involves the
creation and reinforcement of alternative representations
(Brewin 2006). In pursuit of this objective, the “Body swap-
ping” technique has been introduced as a means to substitute
the individual’s actual physical body (i.e., the body initially
perceived through the BSC neuromatrix) with synthetic
counterparts, thereby engendering an illusory sense of own-
ership over a virtual body (referred to as an “avatar™). This
approach has been advocated for application among both
clinical and non-clinical populations (Serino et al. 2016,
2019).

The notion of embodiment typically encompasses three
key dimensions: self-location (indicating the feeling of being
situated within the avatar’s body), body ownership (repre-
senting the sensation of possessing the virtual body), and
agency (denoting the sense of control over the avatar and its
influence on the virtual environment) (Kilteni et al. 2012).
Both the realms of “embodiment science” and the full body
illusion (FBI) paradigm, inspired by the principles of the
rubber hand illusion (RHI), which entails experimentally
induced illusory ownership over a synthetic or virtual body,
serve as principal conceptual frameworks aimed at compre-
hending the impact of self-avatars on their users (Furlan and
Spagnolli 2021; Kilteni et al. 2012; Maselli and Slater 2013;
Petkova et al. 2011; Spanlang et al. 2014). Their therapeutic
application has demonstrated enhancements in users’ cogni-
tive abilities (Steed et al. 2016), haptic performance (Maselli
et al. 2016), and self-recognition/identification (Gonzalez-
Franco et al. 2020). Within this context, advanced tech-
nologies are being explored for the purpose of modifying
(e.g., structuring, augmenting, or replacing) the attributes
of BSC and altering the subjective experience of inhabiting
a body. This novel interdisciplinary field, termed “embodied
medicine,” has emerged with the objective of enhancing the
health and well-being of individuals through such interven-
tions (Riva 2016; Riva et al. 2017, 2019).

Virtual Reality (VR) represents an immersive and embod-
ied technology with the capacity to construct ecologically
valid virtual environments. Within these environments,
individuals can actively manipulate and explore their sur-
roundings. Furthermore, VR affords the opportunity to
create synthetic virtual bodies capable of inducing BSC
(Riva et al. 2014a, b). In this way, users can perceive and
interact with these avatars as if they were their authentic
physical bodies, a phenomenon referred to as “synthetic
embodiment” (Moseley et al. 2012; Riva 2016). To achieve
this, synchronous visuo-proprioceptive, visuo-motor, and
visuo-tactile stimulations can be applied, replicating sen-
sory-motor experiences that encompass visceral/autonomic
(interoceptive), motor (proprioceptive), and sensory (e.g.,
visual, auditory) information. These stimulations effec-
tively reactivate the multimodal BSC neuromatrix (Aspell
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et al. 2012; Lenggenhager et al. 2007; Pyasik et al. 2022;
Riva 2016; Riva et al. 2019). In recent decades, VR has
seen extensive utilization in psychological and neurocog-
nitive interventions, a trend well-documented in compre-
hensive reviews (Matamala-Gomez et al. 2021; Rizzo and
Bouchard 2019). The increasing ease of implementation
and cost-effectiveness of VR systems have significantly
enhanced their efficacy. VR interventions have demonstrated
their capacity to influence a wide array of domains, includ-
ing perception, motor functions, executive functions, and
social cognition (Pyasik et al. 2022). Consequently, VR has
found application in diverse domains, ranging from motor
rehabilitation (Tambone et al. 2021) and the treatment of
body image disturbances and eating disorders (Clus et al.
2018; Freeman et al. 2017; Gutiérrez-Maldonado et al. 2016;
Gutiérrez-Maldonado and Riva 2021; Magrini et al. 2022;
Meschberger-Annweiler et al. 2023; Porras-Garcia et al.
2020; Riva et al. 2021), to the promotion of positive atti-
tudes in social interactions (Banakou et al. 2020; Guegan
et al. 2016; Hamilton-Giachritsis et al. 2018; Seinfeld et al.
2018) and the mitigation of negative ones (Bourdin et al.
2017; Gorisse et al. 2021; Guterstam et al. 2015). Its clinical
potential has been validated in the diagnosis and treatment of
various disorders, and demonstrating long-term effects that
extend into real-world settings (Riva et al. 2019).

In recent years, numerous studies have been conducted to
identify potential predictors of FBI to detect individuals who
may exhibit a greater predisposition or resistance to VR-
based therapies that involve synthetic embodiment. These
studies have explored both external factors related to the
experimental setup or the avatar itself and internal factors,
individual differences, dependent on the states and person-
ality traits of the users. For instance, external factors like
the synchronicity of visuotactile or visuomotor stimulations
(Kokkinara and Slater 2014) and the avatar’s appearance,
including coherent clothing and skin tone (Maselli and Slater
2013), have been found to enhance the sense of ownership
illusion. Similarly, the sense of presence (Slater and Usoh
1993) has been established as a predictor of FBI (Ventura
et al. 2022), and it has been further predicted by various
internal factors such as absorption (Kober and Neuper 2012)
and empathy (Ling et al. 2013; Nicovich et al. 2005; Sas
and O’Hare 2003). This suggests that presence may play a
mediating role in the relationship between users’ personal-
ity traits and FBI. The locus of control (LoC) has also been
shown to influence the sense of presence, although its effects
have varied depending on whether it was considered internal
or external. For example, both external (Murray et al. 2007)
and internal (Wallach et al. 2010) LoC have been found to
enhance the sense of presence in different studies. Addi-
tionally, recent research (Dewez et al. 2019; Jeunet et al.
2018) has indicated that the “agency” component of FBI is
linked to internal LoC, while the “ownership” component
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is positively correlated with external LoC. Furthermore,
electrophysiological measures (Alchalabi et al. 2019;
Gonzélez-Franco et al. 2014) have yielded new insights,
including positive correlations between biomarkers and FBI.
For instance, highly embodied individuals exhibited 400N
amplitudes in the parietal cortex when they lost agency over
their virtual bodies (Padrao et al. 2016; Pavone et al. 2016),
and stronger P300 responses were detected when their vir-
tual avatars were threatened (Gonzalez-Franco et al. 2014).
However, most studies focusing on individual differences as
potential predictors have primarily examined the RHI within
the physical realm. Higher responses to the RHI have been
observed in individuals with traits such as Novelty Seek-
ing or Psychoticism (Kallai et al. 2015), as well as in indi-
viduals with personality or psychotic disorders, including
the dissociative subtype of PTSD (Rabellino et al. 2016),
schizophrenia (Peled et al. 2000; Thakkar et al. 2011), and
schizotypal personality disorder (Asai et al. 2011; Van
Doorn et al. 2018), as well as empathic individuals (Asai
et al. 2011; Seiryte and Rusconi 2015). In summary, FBI
is influenced by numerous factors, both internal and exter-
nal, each of which explains only a small percentage of its
variability. Therefore, further research, such as the present
study, is essential to enhance predictive models of FBI by
considering additional variables.

As previously noted, cognitive and affective inputs,
acquired through prior experiences and encoded in memory,
play a mediating role in the formation of the supramodal rep-
resentation of BSC. Consequently, personality traits (defined
as sets of thoughts, emotions, and behaviors characterizing
an individual consistently and over time) and body dissatis-
faction (BD) as a trait (representing the affective dimension
of body image disturbances) hold particular significance in
the exploration for potential predictors of the full-body illu-
sion. Several studies have utilized the “Big Five” model,
which includes five dimensions: Openness to experience,
Conscientiousness, Extraversion, Agreeableness, and Neu-
roticism, in investigating interpersonal differences as poten-
tial predictors of the FBI. For instance, Openness, Extraver-
sion, and Neuroticism have exhibited positive correlations
with immersive tendencies, subsequently contributing to the
sensation of presence (Ling et al. 2013; Weibel et al. 2010).
Moreover, Agreeableness has demonstrated a positive cor-
relation with spatial presence (Sacau et al. 2005). However,
it is worth noting that results have at times presented con-
tradictions. For instance, research has shown both positive
(Laarni et al. 2004) and negative (Jurnet et al. 2005) cor-
relations between extraversion and the sense of presence.
Additionally, some authors have suggested that the Big Five
personality dimensions may not constitute the primary fac-
tors influencing FBI (e.g., Dewez et al. 2019). With respect
to BD as a trait, a number of studies (Corno et al. 2018;
Monthuy-Blanc et al. 2020) have revealed that BD serves

as a predictor of perceptual body distortion when viewed
from an allocentric perspective (i.e., third-person view).
This distortion refers to external body benchmarks that are
constructed through inter-individual comparisons and are
influenced by abstract knowledge, beliefs, and attitudes
related to a person’s body within a given cultural context.
Consequently, BD is more likely to exert an influence on the
“ownership” and “appearance” dimensions of the FBI, from
this perspective. Conversely, when considering BD from an
egocentric perspective (i.e., first-person view), it becomes
more closely associated with real-time perception-driven
inputs, and thus, is more likely to impact the “self-location,*
“agency,” or “multi-sensory” dimensions of FBI.
Moreover, since previous research has highlighted that
body representations and BD factors, which may serve as
predictors for FBI, are influenced by social comparison
within a given cultural context (e.g., thin ideal internaliza-
tion (Stice et al. 1996), weight bias internalization (Pearl and
Puhl 2014), or exposure to social media (Aparicio-Martinez
et al. 2019; Perloff 2014), it becomes crucial to consider the
cognitive processes that facilitate the impact of societal mes-
sages disseminated by the media on body image, particularly
suggestibility. Suggestibility is defined as a trait character-
ized by a tendency to believe and act upon messages without
critically evaluating information that might contradict their
accuracy. Individuals with high suggestibility readily accept
information without engaging in critical thought or question-
ing its veracity (Kotov et al. 2004). Consequently, they can
be more susceptible to the influence of sociocultural mes-
sages promoting the thin ideal (e.g., Mask and Blanchard
2011). For instance, higher levels of suggestibility have
been associated with poorer body image (Fadul et al. 2022).
However, to date, only a limited number of studies have
explored the relationship between suggestibility and FBI,
often focusing solely on hypnotic suggestibility in the con-
text of the RHI, occasionally yielding contradictory findings.
While Lush et al. (2020) argued that RHI was only induced
through imaginative suggestion, this conclusion was sub-
sequently reevaluated by Ehrsson et al. (2022), who found
no significant relationship between hypnotic suggestibility
and RHI. Furthermore, Walsh et al. (2015) identified a posi-
tive correlation between hypnotic suggestibility and implicit
RHI (though not with explicit RHI) and postulated that sug-
gestibility might facilitate the multisensory integration of
visuo-proprioceptive inputs, leading to greater perceptual
mislocalization of the participant’s hand through attentional
mechanisms. Additionally, a recent study by Forster et al.
(2022) showed that FBI ownership ratings were positively
affected by suggestibility. However, the fact that the sample
of this last study included both female and male participants
may limit the interpretation of these results for a specific
gender, since Gonzalez-Ordi and Miguel-Tobal (1999) indi-
cated that suggestibility scores higher in women than men.
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In a similar way as for suggestibility, gender and age can
also exert an influence on other variables considered in this
study, such as personality traits and BD. Indeed, previous
research has indicated that women score significantly higher
in Neuroticism and Agreeableness than men (Costa et al.
2001; Kajonius and Johnson 2018; McCrae and Terracciano
2005; Schmitt et al. 2008; Weisberg et al. 2011). Further-
more, young people score more in Neuroticism, Extraversion
and Openness to experience, and less in Agreeableness and
Conscientiousness than older people (Anusic et al. 2012;
Donnellan and Lucas 2008; Lucas and Donnellan 2009;
Roberts and Walton 2006; Soto et al. 2011). Additionally,
previous studies have demonstrated that women reported
much higher BD than men, and that BD was assessed, per-
ceived, or managed differently across various life stages,
including childhood, adolescence, early and mid-adulthood
(Bully and Elosua 2011; Esnaola et al. 2010; McLean et al.
2022). This may be an issue for researchers and clinicians
who may use these results to get a better understanding of
the underlying mechanisms that influence FBI elicitation,
with the aim of designing specific VR-based therapies for
patients of a specific gender or age. This is usually the case
for the VR-based Mirror Exposure Therapies (VR-MET)
used for the treatment of anorexia nervosa (AN) (e.g., Riva
et al. 2021; Porras-Garcia et al. 2021), mainly diagnosed in
young women. Indeed, the lifetime prevalence rates of AN
might be up to 4% among females and only 0.3% among
males, and the pooled incidence rates were shown to be
higher for females aged 10-29 years, both in outpatient
healthcare services and in hospital admissions (Martinez-
Gonzalez et al. 2020; Van Eeden et al. 2021). On the other
hand, most of the studies mentioned hereabove focused on
the direct effect of personality traits, suggestibility and/or
BD on FBI. However, it is likely that the mechanism influ-
encing FBI is more complex and involves variables that do
not directly predict FBI but do so through the mediation of
other variables.

Consequently, the primary aim of the present study was
to investigate whether the “Big Five” personality dimen-
sions, suggestibility and/or other variables related to AN
symptomatology (body dissatisfaction and body mass index
-BMI-) could predict FBI and/or its constituent components,
not only directly but also through the mediation of others
of the variables considered. For this purpose, PROCESS
macro v.4.1 (Hayes 2022) mediation analyses were used,
and only young female participants, with gender and age
characteristics similar to the most prevalent AN population,
were included in order to avoid gender and age biases. This
inquiry sought to determine whether these variables might
underlie a predisposition or resistance to the VR-MET used
in the treatment of AN, and specifically, whether any of the
variables considered acted as significant mediators within
the resulting predictive model.

@ Springer

2 Material and method
2.1 Participants

One hundred sixty-nine female college students were
recruited using social networks and flyers to voluntarily
participate in this study. The exclusion criteria encom-
passed self-reported severe mental disorders characterized
by psychotic or manic symptoms (e.g., psychotic disorders,
bipolar disorders, etc.), eating disorders and pregnancy (as
it could potentially transiently impact body image percep-
tion and self-assessment), and sensory impairments that
could impede exposure (e.g., visual, tactile, or auditory
deficits). Thirteen volunteers, who met at least one of these
criteria, were excluded from the study. Finally, one hun-
dred fifty-six female college students (M,,. =24.21 years,
SD,g. = 3.42 years) participated in the study.

2.2 Instruments

The participants were immersed in a VR environment
using a head-mounted display (HMD) HTC VIVE Pro
Eye™ (HTC Corporation, Taoyuan, Taiwan), includ-
ing dual-OLED displays with a combined resolution of
2880 x 1600 pixels and 615 PPI. Five trackers, one in the
HMD, two in the VR controllers participants held, and
two in the feet, were utilized to facilitate real-time replica-
tion of participant movements onto their avatars. The VR
environment consisted of a room, designed using Unity
3D 5.6.1. (Unity Technologies, San Francisco, CA, USA),
without any furniture except for a large mirror located one
meter and a half in front of the participants and two boxes
placed on the floor beside them (see Fig. 1a). Initially,
generic male and female avatars of Caucasian ethnicity
were created within Blender v. 2.78 software. These ava-
tars were dressed in standard attire, comprising a t-shirt,
trousers, and shoes. Subsequently, they were tailored to
match the unique physique of each participant using a
photographic adjustment process. The color of the ava-
tar’s clothing and its skin tone were customizable to align
with that of the participant. Additionally, the avatar wore
sunglasses (that simulated the HMD), and its head was
covered by a grey cap, to reproduce the actual participant’s
condition during the task and to reduce the influence of
individual hairstyles. Finally, the participants could see
their virtual body (i.e., their avatar) both from allocentric
perspective (e.g., looking at the virtual body in the vir-
tual mirror; see Fig. 1b), and from egocentric perspective
(e.g., moving their virtual arms in front of their eyes or
looking down at their virtual feet; see Fig. 1c). Allowing
participants the simultaneous capability to observe their
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Fig.1 VR immersive environment and virtual body. Note. a A gen-
eral profile view of the VR room alongside a female avatar. b An allo-
centric view, where the participant sees their avatar through a virtual
mirror. ¢ An egocentric view, where the participant perceives their
avatar from their own perspective

avatars within the VR environment from both egocentric
and allocentric perspectives has been demonstrated to
evoke heightened sensations of avatar ownership, ampli-
fied physiological responses, and a more comprehensive
experience of the peripersonal space. This dual perspective
facilitates the updating of central body representations, as
supported by prior research (Preston et al. 2015).

2.3 Measures

Participant’s weight and height were measured on-site. Then,
Body Mass Index (BMI) was calculated using the formula:
BMI = weight (in kg)/ height (in m)?.

The assessment of personality traits, commonly referred
to as the “Big Five” (comprising Openness, Conscien-
tiousness, Extraversion, Agreeableness, and Neuroti-
cism), was conducted using the Spanish version of the
self-reported mini-IPIP questionnaire, employing posi-
tive wording (Martinez-Molina and Arias 2018). In this
positively worded questionnaire, it is important to note
that the items contributing to the “Neuroticism” subscale
were elaborated with a positive semantic polarity towards

“Emotional stability” instead of “Neuroticism” (Martinez-
Molina and Arias 2018). This questionnaire employed a
20-item 5-point Likert scale (Donnellan et al. 2006). As
reported in Donnellan et al. (2006), the average reliabili-
ties indices (Cronbach’s alpha) of the original English ver-
sion were 0.81 (Extraversion), 0.73 (Agreeableness), 0.70
(Conscientiousness), 0.74 (Neuroticism) and 0.69 (Open-
ness). Additionally, correlation and fit indices provided
further support for the construct, convergent, and discrimi-
nant validity. Regarding the Spanish version with positive
wording, a study with native Spanish speakers (Martinez-
Molina and Arias 2018) demonstrated good convergent
validity with the English original version with Pearson’s
correlations from 0.87 (Emotional stability) to 0.94 (Extra-
version), and good reliability with Cronbach’s a from 0.69
(Emotional stability) to 0.95 (Agreeableness). The Cron-
bach’s a calculated from the data of the present study were
the following: 0.82 (Extraversion), 0.70 (Agreeableness),
0.81 (Conscientiousness), 0.66 (Emotional stability), 0.75
(Openness).

Suggestibility was assessed using the self-reported
22-item 5-point Likert scale Suggestibility Inventory (Gon-
zalez-Ordi and Miguel-Tobal 1999), which demonstrated
good psychometric properties: good internal consistency
(%cronbach =0-79), and stability over time (3-month test—retest
reliability: r=0.70) (Gonzalez-Ordi and Miguel-Tobal
1999). The Cronbach’s a calculated from the data of the
present study was 0.78.

The Spanish version (Elosua et al. 2010) of EDI-3 inven-
tory (Garner 2004) was used to assess BD as a trait. The
EDI-3 is a self-reported 91-item 6-point Likert scale inven-
tory, including 12 subscales. Only the 10-item BD scale
(EDI-BD) was used in the present study, since this subscale
specifically evaluates BD with the whole body and specific
body parts. The Spanish version of this scale has shown
robust validity indices, good internal consistency (Ctc;onbach
ranging from 74 to 0.96) and temporal stability (good two-
week test-retest reliability: r=0.86) (Elosua et al. 2010;
Elosua and Lépez-Jauregui 2012). The Cronbach’s o calcu-
lated from the data of the present study was 0.84.

FBI was assessed using the Avatar Embodiment Ques-
tionnaire (AEQ; Peck and Gonzalez-Franco 2021), a self-
reported 16-item 7-point Likert scale inventory, including
four components: Appearance (FBI_App), Ownership (FBI_
Own), Response (FBI_Resp) and Multi-Sensory (FBI_MS).
Each of these components exhibited high reliability, with
Cronbach’s a values as follows:0.79 (Appearance), 0.82
(Response),0.76 (Ownership), and.72 (Multi-Sensory) (Peck
and Gonzalez-Franco 2021). The FBI overall index is deter-
mined as the arithmetic mean of these four components. The
Cronbach’s a, calculated from the data of the present study,
were the following: 0.83 (overall FBI index), 0.73 (FBI_
App), 0.72 (FBI_Resp), 0.71 (FBI_Own), 0.73 (FBI_MYS).
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2.4 Procedure

Before the start of the study, each participant was queried
about the exclusion criteria and voluntarily provided their
signature on a consent form. The consent form detailed
the voluntary nature of participation, the confidentiality of
data, and the option to withdraw from the study at any time
without facing any repercussions. The study procedure was
thoroughly explained, and any queries or concerns from
participants were duly addressed. To uphold confidential-
ity, a distinct identification code was assigned to each par-
ticipant. After measuring participants’ height and weight
on-site to calculate BMI, the procedure for creating the
virtual body, immersing participants in the virtual environ-
ment, incorporating the full-body tracking functionality, and
inducing the FBI was derived from previous research (see
complete details in Porras-Garcia et al. 2020, 2021). Two
photographs of the participant were captured, encompassing
both frontal and lateral perspectives, in order to construct an
avatar closely resembling the participant’s physique. This
involved adjusting various body parts, including shoulders,
arms, chest, waist, stomach, hips, thighs, and legs, to align

3

Fig.2 Design of the avatar, visuomotor and visuo-tactile stimula-
tions. Note. a Photography procedure; b Visuo-motor stimulation; ¢
Visuo-tactile stimulation

Fig.3 FBI assessment within
the VR environment. Note. a
Profile view; b Participant’s
view

@ Springer

with the images (see Fig. 2a). While the researcher worked
on creating the avatar, participants completed the EDI-BD,
Suggestibility Inventory, and mini-IPIP scales on a separate
computer. The participants were then immersed in the VR
environment, using the HTC VIVE Pro Eye™. Additionally,
they were equipped with two hand-held controllers and two
feet trackers to enable full-body tracking. Next, visuomo-
tor and visuo-tactile stimulation procedures were applied
to elicit the FBI. The visuomotor stimulation consisted of a
structured series of movements, synchronized between the
real and virtual bodies (see Fig. 2b). Regarding the visuo-
tactile stimulation, the researcher touched different areas
of the participants’ real bodies (i.e., shoulders, arms, legs,
stomach) with an HTC-VIVE controller, so that the partici-
pants could simultaneously feel the contact of this controller
on their real bodies, and see how their avatars were touched
by a virtual controller in the same areas and at the same time
in the VR environment (see Fig. 2c). Each stimulation lasted
about 5 min and could be experienced from both an allocen-
tric perspective (third-person view, looking at their avatars in
the mirror) and an egocentric perspective (first-person view,
gazing directly at their virtual bodies).

Finally, the FBI experienced by the participants at that
moment was assessed through the AEQ scale, whose ques-
tions were projected on a blackboard adjacent to the virtual
mirror within the VR environment. This setup allowed par-
ticipants to select their response using one of the handheld
controllers as a pointer, all while maintaining the ability to
view their virtual bodies from both allocentric and egocen-
tric perspectives. (see Fig. 3).

2.5 Statistical analysis

All the analyses in this study were performed using SPSS
v.27 (IBM Company, Armonk, NY, USA).

2.6 Prospective analysis

As an initial step, stepwise multiple linear regressions were
carried out to identify predictors of the FBI and its four
components (FBI_App, FBI_Own, FBI_Resp, and FBI_
MS) among the other variables under consideration, which
included the Big Five personality dimensions (Openness,

He sentido que mi propio cuerpo podia haber sido afectado por
el mundo virtual

»
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Conscientiousness, Extraversion, Agreeableness, Emotional
stability), Suggestibility, BMI and BD. Based on the results
of these initial analyses, a second step involved additional
stepwise multiple linear regressions. In this phase, the pre-
dictors identified in the previous step were treated as the
predicted variables, while the remaining variables were
considered as potential predictors. During this stage of the
analysis, some outliers were identified in the stepwise mul-
tiple linear regressions. The criterion for detecting outliers
was set at +3 standard deviations. After removing these
outliers from the respective analyses, the assumptions for
linear regression were assessed and found to be satisfied (see
Results for details).
The following aspects were checked:

Linear Relationships Scatter plots demonstrated apparent
linear relationships among the variables.
Homoscedasticity The residuals exhibited homoscedastic-
ity, meaning there was uniform variation of the residuals
with predicted values. This was indicated by non-signifi-
cant Pearson correlations (p > 0.05 for all variables).
Multicollinearity There was no multicollinearity observed
between the considered variables, with tolerance values
greater than 0.1 and VIF values less than 10 for all vari-
ables.

Independence of Residuals The residuals were found to
be independent, as assessed by Durbin—Watson statistics,
which fell between 1.5 and 2.5 for all analyses.
Normality of Residuals Except for the regression analy-
sis with FBI_Own as the predicted variable, where non-
compliance with normality was detected, the residuals
exhibited normality. This was indicated by non-signifi-
cant bilateral asymptotic significance in the Kolmogorov—
Smirnov test (p > 0.05 for all variables). For the analysis
with FBI_Own as the predicted variable, this non-com-
pliance was addressed in subsequent mediation analysis
using the bootstrapping technique, as explained below.

For each analysis, the overall significance of the regres-
sion model was confirmed by the ANOVA F-statistic (and its
associated p-value) provided by SPSS multiple linear regres-
sion function, which is a ratio of the mean square regression
to the mean square error.

2.7 Mediation analysis

Subsequent to identifying the predictors of the Full-Body
Mlusion (FBI) and its components in the initial phase, media-
tion analyses were conducted using model 4 (simple media-
tion; see Fig. 4) of the PROCESS macro v.4.1 (Hayes 2022).
These analyses were performed for each identified “pathway”
X—M—Y, where Y represented FBI or its components
as dependent variables, and X and M represented the other

Fig.4 Mediation model (PROCESS model 4). Note. Model 4 based
on p. 622 in Hayes (2022). X, predictor; M;, moderator(s); Y, depend-
ent variable. a, regression coefficient X —M;; b, regression coef-
ficient M;—>Y; ¢’, regression coefficient X —Y (direct effect); c,
regression coefficient X — Y (total effect)

variables under consideration (personality, suggestibility, BMI,
or BD) as independent variables or mediators.

Given that the study’s sample size exceeded 50 participants
and to provide more robust estimates of standard error (Li et al.
2012), the bootstrap technique was applied in all mediation
analyses with 10,000 samples, corresponding to a 99% boot-
strap confidence interval (see pp. 103—104 in Hayes 2022). To
ensure the reproducibility of results, the bootstrapping SEED
was set to 1000.

As per the bootstrap method, an indirect effect is considered
statistically significant if the value O falls outside the confi-
dence interval (in this case, the CI is set at 95%). Conversely,
when the value 0 is encompassed within the CI, the indirect
effect is deemed not significant, indicating no significant asso-
ciation between the considered variables. In situations where
the 95% confidence intervals for the direct and total effects are
not significant (i.e., the value 0 is included within the interval),
and only the confidence interval for the indirect effect is sig-
nificant, it is possible to conclude that the relationship between
X and Y is significantly mediated by M.

The regression assumptions for the mediation model
were confirmed to be satisfied for each analysis, as they
had been previously checked during the initial prospective
stage mentioned earlier. Concerning the mediation analyses
with FBI_Own as dependent variable, it is worth noting that
even though the normality of residuals with FBI_Own as the
predicted variable was not met in this specific analysis, nor-
mality of residuals could be assumed. This assumption was
reasonable because the bootstrap technique was employed
with 10,000 samples, which provides more robust estimates
of the standard error (for more details, see Li et al. 2012, and
pp- 72-73 in Hayes 2022).

3 Results

The descriptive statistics of the complete sample (N =156)
are given in Table 1.
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3.1 Prospective analysis

Multiple linear regression analyses showed that only sug-
gestibility predicted FBI, in a model that accounted for 8.4%
of the explained variability (two outliers were removed, and
a significant linear relation was confirmed by ANOVA:
p<0.001, F(1,152)=13.930).

Concerning the components of the FBI, the analysis
revealed that FBI_App was predicted by Suggestibility,
in a model that accounted for 9.8% of the explained vari-
ability (one outlier was excluded, and a significant lin-
ear relationship was confirmed by ANOVA: p <0.001,
F(1,153)=16.618). Furthermore, FBI_Resp was predicted
by Suggestibility, within a model that explained 10.0% of
the explained variability (no outliers were detected, and a
significant linear relationship was confirmed by ANOVA
with p<0.001, F(1,154)=17.088). Additionally, only Sug-
gestibility predicted FBI_Own in a model that explained
3.2% of its variability (no outliers were detected, and a sig-
nificant linear relationship was confirmed by ANOVA with
p=0.026, F(1,154) =5.070). Finally, following the removal
of the four detected outliers, no variable was identified as a
significant predictor of FBI_MS.

As a second step, Suggestibility, as the unique predictor
found above, was introduced as predicted variable in new
stepwise multiple linear regression, entering the remain-
ing variables as possible predictors. Results showed that
Openness, Agreeableness and Emotional stability pre-
dicted Suggestibility, in a model that accounted for 24.8%
of the explained variability (no outlier was detected, sig-
nificant linear relation confirmed by ANOVA: p<0.001,
F(3,152)=16.735).

The significant predictors of FBI and its components,
revealed in the prospective phase through multiple linear
regressions, can be visualized on the synthesis scheme pre-
sented on Fig. 5.

3.2 Mediation analysis

From the results of the prospective stage (see Fig. 5), media-
tion analysis were conducted using model 4 (see Fig. 4) for
every detected “pathway” X —M — Y, that includes three
variables: from initial predictors (X = Openness, Agreea-
bleness, and Emotional stability), to FBI or its components
(Y =FBI, FBI_App, FBI_Resp and FBI_Own), through the
unique possible mediator M = Suggestibility.

Table 1 Descriptive statistics of

Mean Standard Sample range Scale theorical range
the complete sample (N=156) deviation Min.-Max Min.-Max
Age 24.21 342 20-35 Not applicable
Body mass index 22.47 3.28 17.65-33.67 Not applicable
Openness 13.19 3.33 5-20 0-20
Conscientiousness 13.28 3.38 5-20 0-20
Agreeableness 16.73 2.15 8-20 0-20
Extraversion 10.98 3.74 4-20 0-20
Emotional stability 10.98 3.74 4-19 0-20
Suggestibility 45.69 9.38 11-67 0-88
Body dissatisfaction 9.17 7.16 0-35 0-40
Full Body Illusion (FBI) 4.81 0.79 2.36-6.49 1-7
FBI_App 4.21 0.89 1.25-6.38 1-7
FBI_Own 5.26 0.84 2.67-7.00 1-7
FBI_Resp 4.03 1.06 1.17-6.67 1-7
FBI_MS 5.76 0.77 2.67-7.00 1-7
a) [opemen |, b) [ opemen | .. [ ForResponse |
Agreeableness [et ‘»41 Suggestibility :r okl FBI ‘ Agreeableness = :1 Suggestibility ed ~i FBI_Ownership ]
Emotional | ’ ‘ Emotional c y FBI_Appearance 1
stability stability

Fig.5 Predictors of FBI — Prospective analysis: stepwise multiple linear regressions — synthesis scheme. Note. a Predictors of FBI; b Predictors
of FBI’s components. Significance level: *p <.05; **p <.01; ¥**p <.001. Only significant predictors are presented
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The results of all the mediation analysis performed are
indicated in Table 2.

All the analyses indicated that the associations between
X and Y variables under consideration were significantly
mediated by M (the indirect effect’s 95% confidence interval
did not include the value 0). A synthesis of these results can
be visualized in Fig. 6.

4 Discussion

The results of this study showed that the Big Five personality
dimensions did not have a direct, significant predictive effect
on FBI. However, some of these traits (specifically, Open-
ness to experience, Agreeableness, and Emotional stabil-
ity) exerted a significant influence on FBI overall index and
three of its components (Response, Ownership and Appear-
ance) through the mediation of suggestibility. On the other
hand, none of the variables considered predicted the FBI’s
Multisensory component. Overall, these results confirm the
positive correlations of Openness to experience, Agreeable-
ness, and Neuroticism (i.e., reverse scoring than Emotional
stability) with greater immersive tendency and sense of
presence found in previous studies (Ling et al. 2013; Sacau
et al. 2005; Weibel et al. 2010). In addition, Extraversion
and Conscientiousness did not predict FBI (neither directly
nor mediated by another variable). These results confirm the
lack of prediction ability of Extraversion on FBI, found to be
contradictory in previous research (negative correlation with
sense of presence found in Jurnet et al. 2005, but positive
correlations with immersive tendency and sense of presence
found in Ling et al. 2013, Sacau et al. 2005, and Weibel et al.
2010). Regarding suggestibility as a mediator, the positive
influence of greater suggestibility on FBI appear to be in
tune with the results presented in Forster et al. (2022) and
Lush et al. (2020) and Walsh et al. (2015) about RHI (but
not with the revised version of Lush et al. (2020) presented
in Ehrsson et al. (2022), although the interpretation that was
given by these last authors (i.e., facilitation of multisensory
integration of visuo-perceptive inputs by suggestibility),
cannot be confirmed in our study, since suggestibility did
not predict significantly the FBI’s multisensory component.
As for the body dissatisfaction and body mass index, our
results did not show any influence of BD or BMI on FBI
overall index or its components. Specifically, BD did not
predict the FBI Ownership component, as hypothesized in
Corno et al. (2018) and Monthuy-Blanc et al. (2020).
Overall, the present study’s results support the assertion
that the Big Five personality traits do not seem to be the
primary factors driving FBI, as suggested in prior research
(Dewez et al. 2019). Indeed, the regression models in this
study accounted for a relatively low percentage of the
explained variability in FBI or its components, typically

less than 10%. This suggests that the predictive model pre-
sented in this study remains limited, emphasizing the need
for future research to gain a better understanding of the fac-
tors that may influence and predict FBI. Previous studies
have already highlighted the intricate nature of FBI compo-
nents, their interactions with each other, and the challenges
associated with predicting them based solely on personality
traits (Dewez et al. 2019; Peck and Gonzalez-Franco 2021).

However, it is important to note that the study’s sample
only included young female participants, with gender and
age characteristics similar to the most prevalent AN popula-
tion, in order to avoid gender and age biases. As previously
indicated, age and gender can exert an influence both on FBI
scores and on the predictors considered in this study, such
as personality traits, suggestibity and BD. For instance, par-
ticipant age has been demonstrated to influence FBI compo-
nents. Participants over the age of 30 exhibited significantly
lower scores on Appearance, Ownership, and Multi-Sensory
sub-scales compared to those under 30 (Peck and Gonzalez-
Franco 2021). Additionally, the FBI seemed to affect body
perception in participants aged 19 to 25 but not in those
aged 26 to 55 (Serino et al. 2018), which might be attributed
to a more stable body representation in older individuals
(Serino et al. 2018). Since significant inter-individual dif-
ferences can lead to substantial variability in embodiment
scores, even when following the same procedure, it becomes
necessary to evaluate more diverse samples in order to miti-
gate potential research biases (Peck and Gonzalez-Franco
2021). In addition, the present study only included healthy
participants without self-reported diagnosed mental health
disorders that may also impact embodiment scores. Indeed,
individuals suffering from personality or psychotic disor-
ders, such as the dissociative subtype of PTSD (Rabellino
et al. 2016), schizophrenia (Peled et al. 2000; Thakkar et al.
2011), and schizotypal personality disorder (Asai et al. 2011;
Van Doorn et al. 2018), have reported heightened responses
to the RHI. Consequently, although this study provides first
evidence on a possible predictive mediation model of FBI in
healthy young women, which can be considered as a starting
point for future research with young female patients with
AN, these results should not be generalized to another popu-
lation with different gender, age, or mental health diagnosis.

Furthermore, there are potential areas for improvement
in the procedure for future research. First, the incorporation
of 3D body scanning technology, which allows the creation
of an exact 3D biometric avatar with all the individual’s
characteristics (including age, skin tone, etc.), would sig-
nificantly enhance the realism of VR embodiment-based
techniques compared to the generic avatar generated from
photographs used in the current study. Indeed, previous
research has shown that the visual appearance and age of the
avatar can significantly impact both the response and owner-
ship dimensions of FBI, particularly for participants over the
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LS Openness s ** +  FBI_Response
a) Openness S, b) p g, 03‘; _Resp!
= *kk M = ok ok _ *ok ok N *
Agreeableness * 1.66 » Suggestibility b=.023 > FBI Agreeableness as 16! r Suggestibility [:’ 016 FBI_Ownership
* 4 s
66-“ v 3”"61 ‘-030.“

3%~
Emotional Emotional * FBI_Appearance
stability stability

Fig.6 Predictors of FBI — mediation analysis: synthesis scheme.
Note. a Predictors and mediators of FBI; b Predictors and mediators
of FBI'’s components. a, regression coefficient X —M; b, regression
coefficient M—Y. Significance level: * p<0.05; ** p<0.01; ***

age of 30 (Ebrahimi et al. 2018; Peck and Gonzalez-Franco
2021). Secondly, improvements can be made to visuo-tactile
stimulation by employing either affective (e.g., slow stroking
velocity at 3 cm/s) or non-affective (e.g., fast stroking veloc-
ity at 30 cm/s) touches with the VR controller. Participants
have reported a greater sense of ownership over a virtual
body in conditions involving affective touch (de Jong et al.
2017). In the present study, although not explicitly speci-
fied in the procedure, visuo-tactile stimulation was typically
conducted using non-affective touches. Lastly, since inner
signals (e.g., interoceptive, proprioceptive, or vestibular sig-
nals) also play a role in simulating a complete synthetic mul-
tisensory experience, incorporating interoceptive stimula-
tions could be considered to modulate the body experience.
For instance, “sonoception,” which involves using wearable
acoustic and vibrotactile transducers to alter internal bodily
signals (e.g., enhancing heart rate variability by modulating
the subjects’ parasympathetic system), could be integrated
into the procedure (e.g., as seen in Di Lernia et al. 2018).
To conclude, these study’s results highlight the fact that
the “Big Five” personality traits do not directly predict the
FBI, but some of them (specifically, Openness to experi-
ence, Agreeableness, and Neuroticism) influence FBI com-
ponents through the mediation of suggestibility in healthy
young women. This study also emphasizes the intricate
nature of FBI components, their interactions with each
other, and the challenges associated with predicting FBI
based solely on personality traits, suggestibility, or other
body image related variables like body dissatisfaction and
body mass index. Based on a sample of young women of
similar gender and age as most patients diagnosed with AN,
these results cannot be generalized to another population but
can be useful to inspire future research that aims to gain a
better understanding of how personality traits and suggest-
ibility may influence FBI. Although results should still be
confirmed in future study with AN patients, such evidences
enable a better understanding of the factors that can lead to
either a predisposition or resistance in modifying aspects of
bodily self-awareness, such as its structure, augmentation,
or replacement, and thus the identification of the patients
with AN who are more likely to benefit from VR-MET

p<0.001. Only significant coefficients, with greater significance
(lower p) and greater sample size (after removing outliers), are rep-
resented here

therapies. Such knowledge is of special interest, since VR,
as an immersive and transformative technology, has become
more accessible and efficient over the past decade, owing to
the widespread availability of affordable and user-friendly
VR platforms. Consequently, it will play a pivotal role in
advancing embodied medicine as a burgeoning transdisci-
plinary research field aimed at enhancing people’s health
and overall well-being.
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