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Abstract. According to recent research, eating disorder (ED) patients tend to
check unattractive body parts. However, few studies have studied this atten-
tional bias (AB) phenomenon combining virtual reality (VR) with eye-tracking
(ET). This study aims to examine whether anorexia nervosa (AN) patients have
a longer fixation time and a greater fixations number on the weight-related body
areas compared to the healthy sample with high body dissatisfaction (HBD) and
low body dissatisfaction (LBD). It will also examine whether the HBD group
will have more fixations and spend more time looking at weight-related areas
than those with LBD. Forty-three college women (18 with HBD and 25 with
LBD) and 23 AN patients were immersed in a virtual environment and then
embodied in a virtual avatar with their real body measurements and body mass
index (BMI). Eye movement data were tracked using an ET device incorporated
in the VR headset (FOVE). The number of fixations and the complete fixations
time were registered on the weight-related areas of interest (W-AOIs) and non-
weight-related areas of interest (NW-AOIs). The results showed that AN
patients have a longer fixation time and a greater fixations number on W-AOIs
than both HBD and LBD groups, who did not show any statistical differences in
the visual selective attention to NW-AOIs and W-AOIs.
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1 Introduction

Anorexia nervosa (AN) is one of the most common eating disorders (ED), and its
prevalence among women has increased over the previous two decades (Dahlgren et al.
2017). The peak onset of AN occurs throughout adolescence and early adulthood, with
a higher prevalence in women (Treasure et al. 2020), and in higher-income groups
(Boushey et al. 2001). AN is recognized as a significant cause of mortality in young
people (Arcelus et al. 2011), with a high suicide rate and chronic courses: less than half
of patients are fully recovered, and just 33% improve (Steinhausen 2009). This disorder
is characterized by an intense fear of gaining weight, a disturbance in the way body size
or weight is perceived, and obsessive symptoms consisting of intrusive thoughts about
food, weight, and shape (Toro 2001).

Regarding the treatments, only 20% of ED patients seek treatment, and generally at
advanced stages of the disease’s course, reducing the possibilities of treating and
managing the illness (Treasure et al. 2020). Frequently, AN treatment services lack the
necessary equipment to deal with such a severe, long-term disorder (Hudson et al.
2007), and AN patients frequently do not respond to treatment (Herzog et al. 1992).
According to Hudson et al. (2007), innovation and progress are critical to improve the
treatment of AN.

Body image (BI) is a multidimensional model that is developed by the effect of
various judgments that an individual makes about his or her body (Banfield et al. 1994).
The dimension of body dissatisfaction (BD) includes cognitive and affective compo-
nents (Banfield and McCabe 2002), and it relates to perceived overestimation of one’s
body size and strong negative feelings toward one’s appearance (Gleaves et al. 1995;
Wilhelm et al. 2018). BD is emphasized and maintained by the phenomena of body
checking: the activity of continuously checking one’s body, scoping selective body
parts, frequently weighing oneself, and repeatedly staring in the mirror (Reas et al.
2002). Body image distortion (BID) is another core symptom of AN (Beato-Fernández
et al. 2004), and it is one of the primary risk factors for the disease’s development
(Gaudio et al. 2014). As described in the DSM-5, AN patients see their bodies or body
parts as being too fat, even if they are severely underweight (APA 2013).

Previous studies have confirmed that body checking practices and cognitions,
which are currently neglected in treatment programs (Rosen 1997), may contribute to
the etiology and maintenance of ED (Mountford et al. 2006). These behavioral patterns,
however, are also observed in the non-clinical female population (Haase et al. 2011). It
is critical to consider these signals since they may suggest pathological conduct and
may result in the development of ED.

Previous research has found that it is possible to identify and convert to analyzable
data this specific behavioral pattern. People with different levels of BD have different
visual scanning behaviors (Gao et al. 2014). These comparisons can be made by
assessing attentional bias (AB). In ED, AB refers to the tendency of paying more
attention to body-related information compared to other information or stimuli
(Williamson et al. 2004). Previous studies have shown this visual selective bias towards
the body or food-related information in ED patients using AB assessment techniques
such as the emotional Stroop paradigm, the dot prove paradigm (Lee and Shafran 2004),
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or the visual research paradigm (Smeets et al. 2008). However, these paradigms have
significant limitations (Lee and Shafran 2004).

AB can now be examined more accurately because of new technologies applied to
the clinical field (Myers et al. 2004). Eye-tracking (ET) is a technology that measures
eye movement and has been recently applied to provide insights into cognitive, social,
and emotional factores related to psychopathological disorders (Kerr‐Gaffney et al.
2019). Despite its popularity, ET has some limitations, such as those related to validity
(Godfroid and Hui 2020; Lai et al. 2013), which are particularly pronounced regarding
ecological validity (Gegenfurtner et al. 2018). New technologies, thanks to advances in
gestural recognition hardware of 3D avatars in virtual reality (VR) and using VR-based
embodiment techniques, can capture full-body motion to facilitate an immersive
experience [e.g. the rubber hand illusion (Newport et al. 2010)] and producing the
feeling that the artificial body is the participant’s body, known as the paradigm of the
full body ownership illusion (FBOI). Thus, by combining ET with VR, the ecological
validity improves. Also, there is evidence that FBOI applied in VR produces cognitive
changes in BD (Ferrer et al. 2018).

It has been demonstrated in previous studies that there are differences in eye
movement patterns between AN patients and non-clinical samples with different BD
levels: women with high levels of BD (HBD) showed sustained attentional mainte-
nance to thin bodies (Gao et al. 2014), while ED patients have a longer fixation time for
body areas they find unattractive (Bauer et al. 2017; Tuschen-Caffier et al. 2015),
especially the stomach and hips (George et al. 2011). It is important to note that
previous studies have focused on dividing areas of interest (AOIs) into attractive and
non-attractive body parts. However, this is a subjective measure that can be affected by
different types of errors. Alternatively, by dividing the body into weight-related areas
and non-weight-related areas, the potential AB studied will be towards the areas
objectively related to weight.

Currently, only a few studies examine eye movements in ED (Kerr Gaffney et al.
2019), and there are even fewer that study this variable using VR. Combining ET and
VR can provide a new method to investigate AB in clinical and non-clinical individuals
with BID, leading to more reliable results.

This study aims to provide further information about the differences in the AB
between AN patients and healthy individuals with different levels of BD by combining
these two technologies. According to previous studies, it is expected that AN patients
should have a gaze pattern focused on weight-related body areas, as well as HBD
individuals (lesser extent than the AN patients), compared to low levels of BD
(LBD) participants, that should show a more general gaze scanning behavior of their
own body. Adding the contribution of the new techniques to analyze this phenomenon,
more valid conclusions can be drawn.
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2 Method

2.1 Participants

A sample of 43 college women (Mage = 21.12, SD = 1.56, MBMI = 21.94, SD = 2.53)
from the University of Barcelona was recruited via social media and campus flyers, as
well as 23 AN patients, 9 adults and 19 adolescents (Mage = 16,54, SD = 4.13,
MBMI = 17.58, SD = 0.51), diagnosed at the Eating Disorders Unit of the Hospital
Sant Joan de Déu of Barcelona and the Hospital of Bellvitge. The exclusion criteria for
healthy participants were a self-reported diagnosis of a current ED, a BMI < 17
(moderate thinness) or BMI > 30 (obesity), according to the World Health Organiza-
tion (2004), or a self-reported current severe mental disorder diagnosis (e.g.,
schizophrenia or bipolar disorder), visual deficits that prevent exposure, epilepsy,
pregnancy, or clinical cardiac arrhythmia.

The inclusion criteria for patients were a primary diagnosis of AN (DSM-5 criteria),
a BMI < 19, and age of 13 years or over. Exclusion criteria included visual deficits that
prevent exposure, severe mental disorder diagnosis, pregnancy, epilepsy, and clinical
cardiac arrhythmia. Among the AN patients, 18 were diagnosed with a restricted AN
type (AN-R), while 5 were diagnosed with purgative AN type (AN-P). Regarding
clinical or subclinical comorbidity with other mental health disorders, two patients had
mood-related disorders, two had a borderline personality disorder, three had anxiety
disorders, one had a borderline personality disorder and post-traumatic stress disorder,
one had major depressive disorder, and one had both anxiety and mood-related dis-
orders. Eight patients were also receiving pharmacological treatment, including
antidepressants (2 of them), anxiolytics (3 of them), and a combination of antide-
pressants and anxiolytics (3 of them). They were all enrolled in a day patient intensive
treatment program at the Eating Disorder Unit, which consisted of 11-h sessions
allowing them to sleep at home.

2.2 Instruments

Hardware and Software. Each participant was exposed to an immersive virtual
scenario using a head-mounted display (HTC-VIVE Pro HMD) and was assigned a
virtual avatar. In addition to the HTC-VIVE Pro HMD, four body trackers (two on the
feet and two in the hands) were used to achieve full-body motion tracking. The moves
of the head, the arms, and the feet were captured within the playing area delimited by
two base stations. To induce the full-body illusion (FBI) with the virtual body, a visual-
motor procedure and a visual-tactile stimulation was used. A second headset with
incorporated ET systems (FOVE VR-HMD) was used to detect and register eye
movements while participants viewed their virtual avatar in the virtual environment.
The FOVE VR-HMD has a resolution of 2560 * 1440 pixels and creates 70 frames per
second. Infrared ET sensors create 120 frames per second with an accuracy level of less
than 1°.
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Virtual simulations were developed by two software: the Blender 2.78.v software was
used to create a 3D female avatar wearing a white t-shirt, jeans, brown shoes, and a
swim cap to avoid any influence of hairstyle (see Fig. 1); and the Unity 3D 5.5.v.
software was used to develop the object-oriented programming code and integrate the
elements in the virtual environment, which consisted of a grey and brown empty room
with a large mirror placed 1.5 m in front of the participant.

2.3 Measures

Eating Disorders Inventory (EDI-3; Garner 2004) is a self-report inventory consisting
of 12 scales and 91 items, in which the answers are provided on a 6-point Likert scale.
In the current study, the Spanish version of the Body Dissatisfaction Scale (EDI-BD)
was used. The EDI-BD scale, with 10 items, measures the negative subjective attitude
or evaluation of one’s body or specific body areas, including their shape, weight, and
fitness (e.g., “I think my butt is too big”). This EDI-3 Spanish version presents robust
validity and reliability indices, with a Cronbach’s alpha ranging from 0.74 to 0.96.
(Elosua et al. 2010).

Fig. 1. Visual representation of the weight-related Areas of Interest (in yellow) and non-weight
related Areas of Interest (in blue) in the virtual avatar (Color figure online)
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2.4 Eye-Tracking Measures

Body-related AB was recorded by an ET device integrated into the FOVE headset,
determining the participant’s visual fixation on their own body. The participant’s visual
fixations are defined as the involuntary act of maintaining the gaze on a single location
for a minimum duration, usually 100–200 ms (Jacob and Karn, 200). The measure-
ments used in the study were the number of fixations (NF) and complete fixation time
(CFT). CFT refers to the sum of the fixation time, measured in milliseconds, for the
specified AOI, while NF is used to refer to the total number of fixations on the AOIs.
Using the Physical Appearance State and Trait Anxiety Scale (PASTAS; Thompson
1999), two areas of interest (AOI) were defined: weight-related AOIs (W-AOIs)
included waists, stomach, hips, thighs, and legs, and non-weight related AOIs (NW-
AOIs) included the remaining areas. The segmentation of the AOIs was drawn in a 3D
female avatar (Fig. 1). ET data was collected to obtain the records focused on W-AOIs
and NW-AOIs, as used in previous studies (Mountford et al. 2006; George et al. 2011;
Porras-Garcia et al. 2018).

2.5 Procedure

This study was approved by the ethics committee of the University of Barcelona.
Participants or the legal guardians (if under the age of 18) had to provide informed
consent before entering the study. Each participant was informed of the procedure, the
data confidentiality, and the possibility of dropping out of the study at any point
without consequences. Confidentiality was ensured by assigning a different identifi-
cation code to each participant.

Before starting the study, the healthy participants were asked orally about their
weight and height to figure out their BIM [weight (kg)/height (cm)], which was needed
for the inclusion/exclusion criteria and to create a more accurate avatar for each par-
ticipant’s shape. For AN patients, the clinical doctors of the ED units responsible for
the patients were requested information to assess the exclusion and inclusion criteria:
patient’s current BMI, AN subtype diagnosis, and prior history of the disorder.

To create a personalized avatar, each participant was taken a frontal and a lateral
photo of the whole body by a camera connected to the computer. All participants were
placed two meters from the camera standing up with their legs slightly separated and
extending their arms at shoulder height. The participants completed the EDI-BD
questionnaires while the researchers overlapped manually each participant’s photo and
virtual avatar by adapting the different dimensions of the virtual avatar (e.g., arms, legs,
hip, waist, chest, stomach, breast, shoulder, etc.) to fit the silhouette of the participant.

Once ready, the participants were exposed to the VR scenario where each partic-
ipant was able to observe himself in the first-person perspective and to look at himself
in the mirror (in the third-person perspective). Then, a visual-motor and a visual-tactile
stimulation were done to evocate the FBI by increasing identification with the virtual
avatar, and the feeling that the virtual body was the participants’ own body. The visual-
motor stimulation procedure consisted of synchronizing the movement of the partici-
pant with that of the avatar using motion capture sensors placed on the hands and feet
(e.g., “move your left arm doing little circles in front of you”, “pretend that you are
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walking without moving from your position”, etc.). The visual-tactile stimulation
procedure consisted of synchronizing participants’ visual and tactile stimulations: while
the different areas of the body (arms, legs, and stomach) were touched on the partic-
ipant, each participant observed the same areas being touched on the avatar at the same
time by a tactile controller of the HTC- VIVE Pro. Both procedures lasted for 1 and a
half minutes.

Finally, to assess the body-related AB the HTC-VIVE Pro HMD was replaced with
the HMD FOVE ET headset that displayed the same virtual room as that in the
previous VR environment, with the participant’s real-size avatar reflected in the mirror.
After the calibration and validation procedure of HMD-FOVE-ET, participants were
instructed to gaze at the avatar reflected in the mirror for 30 s while spontaneous eye
movements were recorded. As a cover story, they were told to remain still while the
virtual avatar position was being recalibrated; this was necessary to avoid any bias in
the participants’ gaze orientation due to knowledge of the real objective and was only
explained after the completion of the procedure.

2.6 Statistical Analysis

The Open Gaze and Mouse Analyzer (OGAMA) software were used to transform the
ET raw data into suitable quantitative data. An additional data transformation was
conducted by subtracting the difference between W-AOI and NW-AOIs (e.g., in fix-
ation points: 25 (W-AOIs) – 10 (NW-AOIs) = 15). Therefore, a positive outcome
would mean that the participant had been looking more at the weight-related body parts
than at the non-weight-related body parts, while a negative outcome would mean the
opposite. It is important to note that if there is a tendency it does not imply the
existence of an attentional bias.

The healthy sample was divided into high versus low BD levels using the median
score of the EDI-BD as a cut-off point (MeBD = 8). All participants with a score equal
to or less than the median were classified in the low body dissatisfaction group. Since
several healthy participants scored at the median value, this resulted in a different
sample size in the high and low body dissatisfaction groups, with a higher number in
the low than in the high group. This distribution seemed more valid to us than assigning
the same number of participants to each of the two groups into which the sample of
healthy participants was divided, since this would have required that some participants
whose score were equal to the median of the distribution had been classified in the low
body dissatisfaction group and others, with the same score, would have been classified
in the high body dissatisfaction group.

All the statistical analyses were performed using the software IBM SPSS v.26. One-
way between-groups analysis of variance (ANOVA) was conducted to determine if
there was a difference between the three different groups (AN, HBD, and LBD partic-
ipants) in the attentional bias measures (NF and CFT). Data were normally distributed in
all the variables assessed by the Kolmogorov-Smirnov test, except for the LBD
group. However, one-way ANOVA has performed anyway since it has been considered
a robust test even in the case of a deviation from normality (Schmider et al 2010).
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3 Results

3.1 Descriptive Results

Participants were classified into three groups: AN patients (n = 23), healthy partici-
pants with HBD (n = 18), and healthy participants with LBD (n = 25). The descriptive
analysis of ET data related to CFT and NF is shown in Table 1. Regarding the EDI- BD
scale, the AN patients showed a score of BD = 24.03, women with LBD = 4.04, and
women with HBD = 14.61.

3.2 Visual Selective Attentional Bias

A statistically significant difference (p < .05) between the groups on both ET variables
was found: for CFT F(2,64) = 8.258, p < .001, partial η2 = 0.20; and for NF
F(2,64) = 12,297, p < .001, partial η2 = 0.27. The effect size between groups was
medium in both ET variables according to Cohen (1988). Descriptive analysis show that
CFT scores increased from the LBD (M = −2858,48, SD = 10589,35) to the HBD
(M = 965,56, SD = 7578,91) and to AN patients (M = 7190,97, SD = 7180,13) groups,
in that order. Similarly, NF score increased from the LBD (M = 2,20, SD = 15,88) to the
HBD (M = 5,22, SD = 15,48) and to AN patients (M = 22,00, SD = 12,99) groups, in
that order (see Table 1). Tukey post hoc analysis revealed that the difference between
LBD group and AN patients in the CFT variable was statistically significant (p < .001),
as well as the difference between LBD group and AN patients (p < .001), and between
HBD group and AN patients in the NF variable (p = .002) (see Table 2).

Table 1. Descriptive analysis of ET data

AN (n = 23) High BD (n = 18) Low BD (n = 25)

Measure Mean (SD) Mean (SD) Mean (SD)
CFT 7,190.79 (7180.13) 965,56 (7578,91) −2,858.48 (10589.35)
NF 22.00 (12.99) 5.22 (15.49) 2.20 (15.88)

Note: Body Dissatisfaction (BD), Anorexia Nervosa (AN), Complete
Fixation Time (CFT), Number of Fixations (NF)

Table 2. Post hoc analyses (pairwise comparison) between groups in ET data

LBD vs. HBD AN vs. LBD AN vs. HBD

Mean deviation
(SD)

p dcohen Mean deviation
(SD)

p dcohen Mean deviation
(SD)

p dcohen

CFT −3824.03
(2691.92)

0.33 0.20 10049.27
(2488.61)

<0.001* 1.11 6225.23
(2715.30)

0.64 0.84

NF −3.02 (4.57) 0.78 0.19 19.80 (4.23) <0.001* 1.37 16.77 (4.61) 0.002* 1.17

Note: Low Body Dissatisfaction (LBD), High Body Dissatisfaction (HBD), Anorexia Nervosa (AN),
Complete Fixation Time (CFT), Number of Fixations (NF)
*Significant p values <.05.
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4 Discussion

The current study aimed to assess body-related AB toward W-AOIs and NW- AOIs in
women with AN and healthy participants by using an ET device for the AB mea-
surements, a virtual idiosyncratic avatar, and an embodiment illusion. In contrast to
previous studies, the AB measurements were collected using a VR headset with an ET
device (FOVE), in which patients observed their own body in a virtual avatar designed
specifically for them using their real BMI rather than seeing printed photographs or
other people’s bodies. It also differs from previous studies in the methodology used to
divide the AOI into W-AOIs and NW-AOIs rather than dividing body parts based on
self-reported attractive vs. unattractive criteria. Because the body attractiveness mea-
sure has been used in several AB studies (Bauer et al. 2017; Tuschen-Caffier et al.
2015; George et al. 2011), to compare this study with others the attractive areas would
be considered as NW-AOIs and the unattractive areas as W-AOIs, because these areas
are reported almost identically [e.g., stomach, hips and thigs as unattractive body areas
(George et al. 2011)].

The results showed that AN patients had longer and more frequent gazes towards
weight-related body parts than healthy participants. Between HBD and LBD groups no
significant differences in the AB to body areas were found. The results observed in the
AN group regarding the AB are in line with previous studies (Bauer et al. 2017;
Tuschen-Caffier et al. 2015; George et al. 2011; Mountford et al. 2006; Jansen et al.
2005; Freeman et al. 1991).

The study’s findings reveal that AN patients and healthy controls process infor-
mation differently. One possible explanation for these findings could be that AN
patients have an altered capacity of processing and integrating body representations,
perceiving their body parts not in a holistic way, but in a dissociated view (Gaudio et al.
2014). This could create a vicious circle: a stronger AB to the unattractive body parts
may lead to an emphasis in the negative body image, creating unfavorable cognitions
and so furthering the disease (Williamson et al. 2004), These findings also support
previous research (Tuschen-Caffier et al. 2015; Jansen et al. 2005; Mogg et al. 2004)
that found ED patients to be hypervigilant about specific body areas that cause them
dissatisfaction.

It’s also crucial to consider how AN patients store body experiences in memory,
particularly in sensory-motor/proprioceptive memory. According to research, AN
patients have a negative allocentric view of their body, which may lead to insufficient
egocentric and somatosensorial body updating, resulting in an alteration in the way
they experience and remember their shape (Riva and Gaudio 2012). Furthermore, this
alteration will be also associated with biased long-term memory because the orientation
and position of body parts will be stored incongruously between presentation and recall
(Burgess et al. 2001). These findings are supported by brain imaging studies, which
show a deterioration in the areas between the parahippocampus and the precuneus in
AN patients, the same areas that process an allocentric and egocentric view of the body.
Body image-related cognitive biases can be manipulated (Rodgers and DuBois 2016),
and according to the latest findings, VR therapy could treat biased information
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processing compensating this brain malfunction as the patients see their virtual avatar
in an allocentric position towards the mirror.

As young girls are more susceptible to cultural and social messages and pressures
concerning the body, this alteration of the space experience may lead females, par-
ticularly adolescents, to perceive negative areas of their bodies as defining of them-
selves. It should also be noted that in today’s Western societies the ideal body is
characterized by extreme thinness, almost grazing the sick body, encouraging the
female population (e.g., through the media) to maintain constant attention on the body
(e.g., body checking) to keep it slim, making them more vulnerable to developing ED.

There are several limitations to this exploratory study. The first and is that the age
variable was not considered. If the ED of adolescents and women were studied sep-
arately, conclusions could be drawn at these critical stages of development. Adoles-
cents, as previously stated, have a more pronounced tendency to check body parts
related to weight. No attentional bias was measured in the first point of attachment.
This measurement could provide more precise information about approach-avoidance
behavior. Another limitation is that women were classified as having HBD or LBD
levels based on the EDI-BD median score. This is justified because the healthy sample
had very similar test scores, so there were only a few extreme values.

Future research should test the possibility of modifying attentional patterns using
VR technology, which could serve as an innovative therapy with ecological validity,
assisting patients in becoming more conscious of their AB. It may also be used as a
reference to objectively determine the improvement after therapy. Furthermore, it could
be used as a preventive function in HBD females at risk of developing ED. Future
initiatives should investigate this paradigm in a broader and more representative sample
of AN patients and of participants with different levels of BD.

Funding. This study was funded by the Spanish Ministry of Science and Innovation (Ministerio
de Ciencia e Innovación, Spain. Project PID2019-108657RB-I00: Modification of attentional
bias, with virtual reality, for improving anorexia nervosa treatment) and by AGAUR, Generalitat
de Catalunya, 2017SGR1693.
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