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ABSTRACT

This study analyzes the visual attention of people with and without social phobia toward different
images (photos of faces) depicting emotions such as normality, sadness, anger, and happiness. The
analysis is divided into four main parts: The first part consists of identifying participants, both those
with and without social phobia, using a psychometric instrument known as the BFNE-II. The second
part focuses on the presentation of images composed of facial expressions, as well as the detection
of the subjects’ pupillary positions when observing these images. In the third part, the participants’
pupillary positions are classified into characteristic points called fixations. Finally, in the fourth part
of the study, these fixations are used as a measure to quantify the visual attention of people with
and without social phobia, with the aim of identifying potential biases in both groups. Based on the
analysis of visual attention to the different images, it was concluded that people with social phobia
showed significantly greater visual attention to facial expressions of anger, compared to those without
social phobia. On the other hand, non-phobic people tended to focus their attention primarily on
images that depicted happy facial expressions.
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Introduction

anxiety disorder) has a high comorbidity with other

Social phobia (SP) is defined as an unpleasant emo-
tional state accompanied by somatic and psychological
changes. It can present as an adaptive reaction or as
a symptom associated with various medical and psychi-
atric conditions [1].

Social phobia is the second most common mental ill-
ness in Mexico, with a ratio of 3.6 women to every man.
It is worth noting that only between 10% and 30% of
all people affected by some type of phobic disorder seek
help. Both social phobia and specific phobias manifest
primarily during youth.

Various studies suggest that social phobia (social
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psychiatric disorders, especially depression, dysthymia,
generalized anxiety disorder, and panic disorder. For
clinical psychology professionals, it is essential to have
valid and reliable instruments to detect this disorder.
However, there is a lack of validated instruments in the
clinical setting, due to the difficulty and financial re-
sources involved in designing, evaluating, and validating
them for different study populations.

For his part, Ressler [2] [3], in the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5) of the
American Psychiatric Association (2013), established
new standards for diagnosis and research on anxiety and
related disorders. The DSM-5 classifies anxiety disor-
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ders into eleven categories: 1) separation anxiety dis-
order, 2) selective mutism, 3) specific phobia, 4) so-
cial anxiety disorder (social phobia), 5) panic disor-
der, 6) agoraphobia, 7) generalized anxiety disorder,
8) substance- or medication-induced anxiety disorder,
9) anxiety disorders due to another medical condition,
10) other specified anxiety disorder, and 11) unspecified
anxiety disorder.

Individuals with social anxiety show sustained at-
tention biases towards socially threatening stimuli [4, 5,
6], so it is proposed that, by measuring the visual at-
tention of individuals on different visual stimuli in the
form of images, people with social phobia can be differ-
entiated from those without social phobia.

This paper analyzes the visual attention of Mexi-
can adults with and without social phobia by detecting
their gaze when visual stimuli (in the form of an image)
are presented to them on a monitor.

To identify individuals with social phobia, a psycho-
metric instrument, the BFNE-II test, was used. This
instrument consists of 12 questions in a 5-point Likert-
type response format and measures a person’s fear of
being negatively evaluated by others.

2. Eye movements

This paper describes visual attention through two types
of movements: voluntary movements of moving from
one point to another (saccades) and gaze-holding move-
ments (fixation). The movements that comprise a fixa-
tion are: tremor, drift, and microsaccade [7].

3. Pupillary positions, fixations and
classification algorithms

The classification of pupillary positions into fixations is
the grouping into n sets of the pupillary positions in
such a way that they statistically describe the physio-
logical behaviors of eye movements [8]. This process sig-
nificantly reduces the size of the pupillary positions to
representative tuples (fixations or characteristic points),
where each tuple is composed of the arithmetic mean of
the ocular positions in the group, the sum of the dura-
tion of each element, and the number of elements that
make up the group.

Classification is a fundamental procedure in any
analysis of eye movements, as poor classification can re-
sult in tuples that do not represent gaze behavior [9, 10].

The algorithms for classifying pupillary positions
into fixations must evaluate statistical characteristics
and physical magnitudes of the pupillary position sam-
ples, such as point-to-point velocity and/or accelera-
tion of the samples, as well as data dispersion, among
others. On the other hand, the physiological char-
acteristics of eye movement behavior must be consid-
ered, such as the minimum duration time of a fixa-
tion, the minimum duration time of a saccade, and
the maximum and minimum amplitude of a reposition-
ing movement, among others. To achieve this, identifi-
cation and classification algorithms for pupillary posi-
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tions in fixations are used [11]. Some of the algorithms
used are: dispersion-threshold identification algorithm
(I-DT), velocity-threshold identification algorithm (I-
VT), hidden Markov model identification algorithm (I-
HMM), and the adaptive algorithm.

4. Materials and methods

There are different eye-tracking methods, which can be
grouped into two major categories: invasive and non-
invasive. The first category obtains the pupillary posi-
tion directly by incorporating special devices into the
eyeball, which implies physical interference with the
subject and is therefore considered invasive. The second
category estimates the pupil position indirectly, that
is, it uses different techniques to estimate the position
(one of them is through image analysis and known refer-
ence points), and thus does not physically interact with
the subject (non-invasive). Invasive methods offer high
precision and accuracy in measurement and are capa-
ble of detecting very small movements, such as tremors.
However, they interfere with the natural characteristics
of the subject’s movements (for example, they reduce
movement speed), in addition to causing discomfort.
In contrast, indirect methods present lower precision
and accuracy in measurement, but the movements ob-
tained can be considered natural. Some non-invasive
eye-tracking methods include the electrooculogram, the
search coil, and infrared reflection. For this study, the
infrared reflection method was chosen.

In [12], the twelve leading companies in the com-
mercialization of eye-tracking products are presented,
ordered by the number of publications from January
2016 to January 2017. For this work, the sensor The
Eye Tribe was selected. For data capture, a communi-
cation module was developed between the sensor and
the computer, capable of transmitting information at
30 and 60 Hz.

To calibrate the sensor, the subject is asked to look
at nine points on the screen (see Figure 1), while the
position of the pupil and the corneal reflection are de-
termined at a given moment in time [13]. Current liter-
ature proposes various error metrics [14]. For a monitor
with a resolution of 1280x 1024 pixels, we use a value of
€ between 30 and 60 pixels.

5. Procedure

The test begins with the “Calibration” operation, in
which the subject is instructed to observe the reference
points. The subject is asked to avoid moving their face
during the test to prevent loss of sensitivity and high
variance in the sample. Afterwards, they are informed
that 10 images containing 4 faces each will be presented,
and they should observe the face that draws their at-
tention the most “Visual Stimuli Presentation”.

The ten test images are presented automatically, so
the subject does not need to perform any additional
action beyond viewing the stimuli. At the end of the
presentation of the test images, a message will appear


http://maikron.org/jaica

Journal of Artificial Intelligence and Computing Applications (2025) 3(2)

Figure 1. Experimental setup during its calibration stage. A point is randomly selected and viewed for
one second; after this time, another point is selected. The process is repeated until all nine calibration

points are displayed.

on the screen indicating the end of the test. At that
moment, the subject may leave the testing room. The
duration of the test ranges between four and ten min-
utes, depending on the calibration process.

The test images were taken from a sample of 145 un-
dergraduate students, with an average age of 21.3 years.
Of them, 62.7% were women. The image capture was
carried out under controlled lighting and sound condi-
tions.

The selected visual stimuli are based on work sim-
ilar to the studies conducted by Paul Ekman on basic
emotions [15, 16].

On the other hand, n; images were presented, each
composed of k different stimuli. The images were shown
to individuals with social phobia (SP) and without so-
cial phobia (No-SP). During a time period t;, the eye
movements of the individuals with SP and No-SP were
recorded as the n; images were presented to them.

As part of the proposed hypothesis, it is suggested
that individuals with social phobia exhibit sustained at-
tention biases toward stimuli perceived as threatening.
The stimuli that have been shown to be effective in tests
with individuals with social phobia are faces with dif-
ferent facial expressions, as described in [4].

In this work, the image set of facial expressions
“AU-Coded Facial Expression Database,” developed by
Cohn-Kanade [17], was used. This repository contains
2000 images of 200 individuals aged between 18 and
30 years. The image set is composed of different facial
expressions (neutral, joy (happiness), sadness, anger,
surprise, fear, and disgust) categorized according to the
“FACS” standard [18]. From the Cohn-Kanade image
set, ten faces (five women and five men) were used. An
oval crop was applied to each face in order to suppress
fixations centered on protruding elements of the stimu-
lus (hair, earrings, ears, etc.). The goal was to ensure
that the patients’ attention was focused on the facial
expression and not on distracting elements.

With the selected stimuli, ten images were com-
posed and presented to the subjects. Each test image
was composed of four stimuli (neutral, joy, sadness, and
anger) arranged in a 2 x 2 grid (see Figure 2), where
each cell is randomly assigned a stimulus.
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6.

The expression of anger was the most focused on by in-
dividuals with SP, while the expression of joy was the
most focused on by individuals without SP. The remain-
ing expressions (neutral and sadness) are included to
obtain better discrimination in attention levels between
individuals with SP and No-SP.

Cutoff points (total score on the Likert-type test
from which a subject is considered to present symp-
toms of social phobia) on fear scales vary depending on
the population and social environment. In Mexico, in
the state of Michoacdn de Ocampo, Marcelo A. et al. et
al. [19] validated the instrument (BFNE-II test) for the
adult population of Michoacdn, finding a cutoff point of
42 with a sensitivity of 94% for having social phobia.
During this research, a version of the original BENE-II
test was applied and evaluated based on the cutoff point
published by Marcelo A. et al. The results are described
in [12].

The conventional analysis of eye movements was
carried out through the study of fixations (pauses in
regions of interest) or saccadic movements (rapid move-
ments between fixations). To this end, the four algo-
rithms described in Section 3 were evaluated with the
aim of determining the optimal one for our objective.
The four algorithms consider velocity as the main dis-
criminative feature, so the calculation of velocities be-
tween samples must be unified for each one. Likewise,
it is necessary to calculate noise-free velocities; for this
purpose, the equations proposed by Engbert and Kliegl
[20] are used, where the calculation is performed on the
x and y coordinates for the left and right eyes indepen-
dently.

One parameter of the pupillary position algorithms
is the velocity threshold, from which it is determined
whether a position (x;, y;) with velocity ¥; belongs to a
fixation group or not. This threshold varies depending
on the type of test and the sampling rate. The special-
ized literature proposes a threshold of 1.5 pz/ms [8], but
does not specify the type of experiment. In this work,
a velocity threshold is calculated for the actual exper-
imental conditions at a sampling frequency of 60 Hz.
For this, the mean velocities per test image were ana-

Results and discussion
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Figure 2. The images represent four stimuli (neutral, joy, sadness, and anger), among which the subject

had to primarily select one.

lyzed for each person. That is, each person contributes
ten mean velocity values to the analysis, where each
mean velocity describes the subject’s general behavior
during the presentation of a test image.

In Figure 3, the behavior of mean velocities for
145 subjects is presented. The data show a positively
skewed distribution with a heavy tail, suggesting a
high concentration of velocities close to zero. Accord-
ing to theory, low velocities are due to fixation move-
ments (microsaccades), while high velocities correspond
to repositioning movements (saccades). Once the veloc-
ity threshold parameter ¢ is determined, the classifica-
tion algorithms for fixations are tested and evaluated.

The decision criteria for determining the optimal al-
gorithm among I-VT, I-DT, I-HMM, and the Adaptive
algorithm are described in [12].

6.1 Attention by stimulus

Using the attention tuples T4¢, the attention time for
each stimulus was measured, distinguishing between in-
dividuals with SP and without SP. The attention times
per stimulus of the subjects with SP and without SP
are compared using quartiles to generate the boxplots
shown in Figure 4.

While individuals with SP focus their attention on
the threatening stimulus, individuals with No-SP direct
their attention to the happiness (joy) stimulus.

Boxplots are an efficient comparison method that al-
lows subtle trends in the data to be observed; however,
they do not allow a trend to be validated conclusively.
For this purpose, a normality analysis was conducted
(see [12]).

Finally, quantile-quantile (Q-Q) plots are presented
with the aim of comparing the actual distribution with
a theoretical normal distribution. In each plot, two dis-
tributions are compared, where each corresponds to the
attention time of a group of individuals (SP and No-SP)
for the same stimulus k;.

From Figure 5, it is possible to state that a signifi-
cant difference does exist: in the case of the Joy (hap-
piness) stimulus, individuals with No-SP exhibit longer

21

attention times compared to individuals with SP (see
[12]), which suggests that the hypothesis of the study
was confirmed for the study population.

7.

This research presents results that could be useful for
the eventual confirmation of the hypothesis proposed at
the beginning of this work for the individuals examined.

It was verified through statistical methods that the
level of attention in individuals with SP is higher for
stimuli considered threatening (Anger), where the mean
attention time was 1.6s, compared to individuals with-
out SP, whose mean attention time for the threatening
stimulus was 1.05s. A similar trend was observed when
comparing the opposite stimulus (Happiness), where in-
dividuals without SP recorded a mean of 1.88s, while
individuals with SP recorded a mean attention time of
1.26s.

The Neutral and Sadness stimuli did not show sig-
nificant changes; the same level of attention was main-
tained for both types of individuals analyzed. A possi-
ble cause of this is the similarity that exists in the facial
expressions of these stimuli.

It is important to mention an issue regarding the
experimental design. Initially, the test was designed
to display 30 test images for 10 seconds each. After
the first trials, we received feedback indicating how ex-
hausting this procedure was, since the observer had to
avoid moving their face or body during the entire test
(5 minutes). As a result of this overexposure to the im-
ages, the quality of the fixations detected in the final
test images was poor. The main reason was that most
individuals changed their posture after a certain num-
ber of images had been shown. This change in posture
affected sensor detection and, consequently, the mea-
surement. The final experiment was designed to use
10 test images, which equates to a stimulus exposure
of 1.66 minutes. With this number of stimuli, uniform
detection was achieved throughout the entire test.

In this research, visual attention was quantified as
the time a subject devotes to an area of interest. An-

Conclusions


http://maikron.org/jaica

Journal of Artificial Intelligence and Computing Applications (2025) 3(2)

Tiempo (s)

Ajuste de curva
. K Ma: 1.256
Velocidades de 145 personas g 0250 81 Doy 05284
@ 0.25 5 [ ¥F / ndf 68.75/ 18
g . =1 . Prob 7.349e-08
& + 8 L Constant 0.9457
3 o [ . Py 09293
S“_) r L Sigma 01759
02— r
C 0.15/—
0.15|— r
[ 01—
U.1j -
0.05— 0.05[-
o I S ARl A A PPN 5 Ll BN S S S S TR e
05 15 2. 3.5 4 0 05 15 2 3 35 4
Velocidad (px/ms) Velocidad (px/ms)
Figure 3. Velocity distribution and its fitted curve.
. . .
Estimulo Ira = Estimulo Felicidad =5
10 [ 1603417 g 10 [ 1.256634
C o 1314245 Y r o 0.924464
I Min: 0.000000 o I x Min: 0.000000
r Max: 6.358000 g r Max: 4.676000
81— Atipicos: 13 F 8 Atipicos: 4
|- 0-FS = lo-FS
|- M 1.056556 - 3 1.879934
| o 0.879156 |- a: 1.624503
61— Min: 0.000000 6 (RN SE— Min: 0.000000
| Max: 4.384000 | Max: 8.650000
L Atipicos: 32 L Atipicos: 22
[ [ X
a— 4— o
Py 2 r ‘
oL oF |
L ! | L . )
FS No-FS FS No-FS
Figure 4. Boxplot for the anger and happiness stimuli.
Géfico Q-Q; estimulo Ira Géfico Q-Q; estimulo Felicidad
61 o Fs o 51 e s o °
® No-Fs
54
2]
41
5 ]
¢ 34
z 31 3
2 2
© ©
=3 =1
[} 2 o 24
14
1
04

Cuantil tedrico

Cuantil tedrico

Figure 5. Q-Q plot for the anger and happiness stimuli.

22



http://maikron.org/jaica

Journal of Artificial Intelligence and Computing Applications (2025) 3(2)

other contribution of this work was the evaluation of
the quality of the fixations detected by each evaluated
algorithm, in the absence of a reference standard. The
main proposed measure was the calculation of the near-
est neighbor index, which assesses the dispersion of the
data within a fixation.
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