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Introduction: Social anxiety disorder (SAD) and autism spectrum disorder
(ASD) are highly overlapping in symptoms and have a high rate of comorbidity,
posing challenges in diagnosis and intervention for both disorders. Both
disorders are linked to abnormal attention to the eyes, yet how they
interactively modulate the attentional process to the eyes remains unclear.

Methods: In this study, we explored how autistic traits and social anxiety in
college students separately and together affected different temporal stages of
attention to the eyes. Participants were instructed to view virtual faces for 10 s
and make an emotional judgment, while their eye movements were recorded.

Results: We found that social anxiety and autistic traits affected different
temporal stages of eye-looking. Social anxiety only affected the first fixation
duration on the eyes, while autistic traits were associated with eye avoidance
at several time points in the later stage. More importantly, we found an
interactive effect of autistic traits and social anxiety on the initial attention
to the eyes: Among people scoring high on autistic traits, social anxiety was
related to an early avoidance of the eyes as well as attention maintenance
once fixated on the eyes.

Discussion: Our study suggests the separate and interactive roles of social
anxiety and autistic traits in attention to the eyes. It contributes to a deeper
understanding of the mechanisms of social attention in both SAD and ASD
and highlights the application of psychiatric diagnoses using eye-tracking
techniques.

autism spectrum disorder, social anxiety disorder, attention to the eyes, eye
avoidance, attention maintenance, eye movement
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1. Introduction

Social anxiety disorder (SAD), characterized by fear and
anxiety of social contexts, is one of the most common mental
disorders, with a lifetime prevalence of 4% and a 12-month
prevalence of 2.4% across countries (Stein et al., 2017). People
with SAD worry that their behaviors will be negatively evaluated
by others and thus show anxiety and avoidance of various social
(American Psychiatric Association [APA], 2013).
SAD is commonly reported in the typical population (Stein

situations

and Stein, 2008) and also among people with special needs,
such as people with autism spectrum disorder (ASD), a
neurodevelopmental disorder involving social communication
impairments and repetitive, restricted behavior and interests
(American Psychiatric Association [APA], 2013). Similar to
SAD, autistic people also show social avoidance and withdrawn
behavior (Kleberg et al., 2017). Moreover, these two disorders
have a high rate of comorbidity: Social anxiety affected 12-56%
of autistic adults (Rosbrook and Whittingham, 2010; Bejerot
et al.,, 2014; Maddox and White, 2015) and 7-57% of autistic
children and adolescence (Leyfer et al., 2006; Kuusikko et al.,
2008; White et al, 2015). The overlap of symptoms (e.g.,
avoidance of social interaction and eye contact) and the high
rate of comorbidity between ASD and SAD pose challenges
to diagnosis and intervention for both disorders. Hence, an
investigation of how these two traits influence social behaviors
separately and together becomes necessary. This study focused
on the effects of autistic traits and social anxiety on social
attention, especially attention to the eyes.

Abnormal attention to the eyes, such as eye avoidance, is
commonly reported in people with autistic traits or ASD (e.g.,
Pelphrey et al., 2002; Chen and Yoon, 2011; Freeth et al., 2013;
Yi et al,, 2013, 2014), as well as people with SAD (e.g., Schneier
etal, 2011; Weeks et al., 2013). The eye avoidance hypothesis of
autism believes that avoidance of the eyes can cause severe social
impairment in autistic people, since the eye region contains the
most important social information (Tanaka and Sung, 2016).
Autistic people may perceive the eyes as socially threatening,
thus avoiding the eyes as an adaptive strategy. Similarly, the
avoidance hypothesis of SAD proposes that people with SAD use
safe actions like avoidance of eye contact to prevent feelings of
fear and anxiety in social contexts (Clark and Wells, 1995).

Despite the similar eye avoidance patterns found in autistic
people and people with SAD, people with SAD have specific
attentional bias to the eyes at the early stages of face processing
(e.g., Boll etal., 2016; Keil et al., 2018; Kleberg et al., 2021; Wieser
et al,, 2009b). The attentional biases in SAD could be explained
by vigilance theory (Clark and Wells, 1995; Mogg and Bradley,
1998) and maintenance or delayed disengagement theory (Fox
et al., 2002). The vigilance theory suggests that people with
SAD tend to initially orient their attention toward threatening
social information (Bogels and Mansell, 2004). The maintenance
or delayed disengagement theory emphasizes their difficulty in
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shifting their attention away from social threats (Fox et al,
2002; Amir et al., 2003; Pergamin-Hight et al., 2016; Fernandes
et al,, 2018). Rapee and Heimberg (1997) suggested that both
attentional processes within the same social anxiety model of
enhanced attention to the social threats, but the underlying
cognitive mechanisms of the two processes differ, which can
be differentiated by eye-tracking evidence. Particularly, vigilance
has been reflected in more first fixations on the eyes (Boll et al.,
2016) and shorter latency to the eyes (Keil et al., 2018) in SAD
at all ages, while the maintenance of attention has been indicated
by a longer latency to shift their attention away from threatening
faces in adults (Buckner et al., 2010) and from the eye region in
children and adolescents with SAD (Kleberg et al., 2021).

Beside the early attentional bias toward the eyes, people with
SAD may also experience a later avoidance of the eyes, according
to vigilance-avoidance hypothesis (Amir et al., 1998; Bogels and
Mansell, 2004). Previous studies in SAD have suggested the
importance of distinguishing early (vigilance or maintenance)
and late (avoidance) attentional patterns regarding the eyes. This
dynamic process has been explored using temporal analyses
looking at the attentional patterns in different stages (e.g.,
Wieser et al., 2009a; Keil et al., 2018), but has not been proved
by other studies (e.g., Boll et al,, 2016; Capriola-Hall et al,,
2021). Different from SAD, autistic people show a persistent eye
avoidance across time (e.g., Wang et al., 2018).

In summary, although autism and SAD both display atypical
attention to the eyes, their gaze patterns and underlying
mechanisms could differ. More importantly, autistic traits and
social anxiety were highly correlated in both clinical samples
and healthy people (Bellini, 2006; Freeth et al., 2013; Bejerot
et al., 2014), resulting in their interactive impacts on the gaze
pattern to the eyes. On one hand, social anxiety is one of
the most common comorbidities of autism (e.g., Maddox and
White, 2015), and thus could affect the eye-looking patterns
in autistic people. One previous study found that the fear of
negative evaluation, a symptom of social anxiety, was related to
longer gaze duration to social threats in autism (White et al,,
2015). On the other hand, co-occurring autistic traits could
contribute to the heterogeneity of attentional patterns to the
eyes in people with high social anxiety. Given that autistic
traits were related to avoidance of eyes (Chen and Yoon, 2011),
socially anxious people with high autistic traits may exhibit more
avoidant instead of vigilant or maintained eye-looking patterns.
Therefore, exploring the influence of autistic traits and social
anxiety on the attention to the eyes is necessary not only for a
better understanding of the mechanisms of social attention, but
also for the diagnosis and treatment of both disorders.

Autistic traits and social anxiety affect not only clinical
samples, but also the general population. Non-autistic people
who have familial risks or show more features of autism than
the average but do not meet the diagnostic criteria of ASD are
defined as the broader autism phenotype (BAP; Wheelwright
etal, 2010; Sucksmith et al., 2011). Anxiety disorder, could also
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be defined as continuums, as suggested by Research Domain
Criteria framework (RDoC; Insel et al., 2010). The severity of
SAD or ASD symptoms could be reflected by social anxiety and
autistic traits, obtained by psychometric measures. These two
traits could affect many aspects of social cognitive processes of
two disorders in the broader population. More importantly, we
could explore how these traits interactively affect cognition by
regarding the traits as continuous variables, which would bring
insights to the cognitive mechanism of comorbidity.

The current study examined how autistic traits and social
anxiety in the general population separately and interactively
affected attention to the eyes. We aimed to address the following
research questions. First, how do autistic traits and social
anxiety separately or interactively modulate attention to the
eyes? Here we focus on the interactive effects of these two traits,
which have rarely been explored in previous investigations.
We hypothesized that social anxiety and autistic traits may
interactively influence the attention to the eyes. Second, we
separated the stimulus display time into different stages and
examined the roles of autistic traits and social anxiety at different
times in the stimulus. We examined the roles of autistic traits
and social anxiety in attention to the eyes at the very early
stages, including the proportion, duration, and latency of the
first fixations on the eyes. At the later stages of face processing,
we investigated whether autistic traits and social anxiety were
associated with more eye avoidance.

2. Materials and methods

2.1. Participants

Sixty-four healthy college students participated in our
experiment. Forty-seven were recruited directly from the
campus internal forum at Peking University. To match the
number of participants in the high and low autistic traits
group, we posted another recruitment advertisement online to
screen participants with high AQ scores. Forty-one students
completed the online AQ and Social Phobia Inventory (SPIN)
questionnaires, out of which 17 scored high in AQ (averaged
score >26) and were included in our formal experiment.
All the participants were required to be nearsighted below
5.0 diopters, and without colorblindness or color weakness.
All participants were required not to be diagnosed with any
psychiatric disorders, according to self-report. Four participants
were excluded from data analysis for missing data in the
questionnaire, eye-tracking calibration problems (See section
“2.3 Procedures” for details), or computer crashes during the
experiments. The final sample size was 60 (21 males, aged 18-29,
mean age = 22.02, SDyge = 2.45). We separated our participants
into high and low autistic traits groups and high and low
social anxiety groups. The high autistic traits group consisted
of 27 participants, and the high social anxiety group consisted
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of 37 participants. Twenty-one participants were in both high
autistic and high social anxiety groups. More information of
our participants was shown in Table 1. The study was approved
by the Committee for Protecting Human and Animal Subjects
at School of Psychological and Cognitive Sciences at Peking
University, China (protocol number: 2020-03-09).

2.2. Materials

2.2.1. Psychometric measures

We used a Chinese version of the Autism-spectrum
2001)
participants’ autistic traits. It was a self-report scale with

Quotient (Baron-Cohen et al, scale to measure
50 items containing five different autistic dimensions: social
skill, attention switching, attention to detail, communication,
and imagination (Baron-Cohen et al, 2001). Two scoring
approaches were widely used in ASD researches. The first
one was the 4-point scoring system (1 = definitely disagree
to 4 = definitely agree), a continuous approach that extended
well in the non-clinical samples (Murray et al, 2016). The
second one was the dichotomous system (0 = definitely disagree
or slightly disagree and 1 = slightly agree or definitely agree),
which was optimal for diagnosing individuals (Thomas, 2011).
We adopted the 4-point version to accurately represent the
continuity of autistic traits when conducting linear mixed
models (LMMs). In the temporal analysis, we divided our
participants into the high and low AQ groups by a cut-oft value
of 26 in the original AQ dichotomous scale and compared the
two groups (Woodbury-Smith et al., 2005). The cut-off value at
26 was found to be a more sensitive score to screen ASD and
broader autism phenotype (Woodbury-Smith et al., 2005).

We also used a Chinese version of the Social Phobia
Inventory (SPIN) by Connor et al. (2000) to assess social
anxiety. It was a self-report scale with 17 items measuring
three dimensions: fear, avoidance, and physiological discomfort
(Connor et al., 2000). Participants rated from 0 (not at all)
to 4 (extremely) according to their situations during the
last 3 months (Connor et al, 2000). The higher SPIN score
represented, the higher the level of social anxiety. We used the
SPIN score as a continuous variable in LMMs, and divided the
participants into the high and low SPIN groups according to
the cut-off score 19 in temporal analysis (Connor et al., 2000).
The correlation between SPIN score and 4-point AQ score was
r=0.44 (p < 0.001).

2.2.2. Stimulus materials and apparatus

Face stimuli were virtual Asian male faces generated by
FaceGen Modeller 3.5 (Singular Inversions, 2010) randomly,
including five emotions: angry, fearful, happy, sad, and neutral.
Each emotion consisted of eight different face images (400 x 400
pixels). We used the Tobii Pro Spectrum (Tobiitech, Stockholm,
Sweden) eye-tracker to collect the eye gaze data with a sample
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TABLE 1 Means (standard deviations) of demographic information and clinical test scores of participants.

Full sample (N = 60) ‘

Group by AQ score

10.3389/fnins.2022.1081769

Group by SPIN score

 High AQ (N = 27) | Low AQ (N = 33) | High SPIN (N = 37) | Low SPIN (N = 23)

Age 22.02 (2.45) 21.63 (2.30) 22.33(2.52) 21.73 (2.37) 22.48 (2.50)
Gender (female/male) 39/21 18/9 21/12 23/14 16/7
AQ

Four-point scale 120.35 (14.28) 131.07 (8.25) 111.58 (12.01) 124.30 (12.84) 114 (14.44)
Binary scale 23.03 (6.52) 28.33(2.92) 18.70 (5.33) 24.76 (5.81) 20.26 (6.77)
SPIN 24.37 (12.47) 29.85(13.23) 19.88 (9.91) 31.70 (9.76) 12.57 (4.97)

rate of 300 Hz. Stimuli were presented on a 24-inch screen with
a resolution of 1,920 x 1,080 pixels.

2.3. Procedures

Participants sat in a chair 60 cm away from the screen and
were asked to keep their head and body still during the task.
Before the experiment, participants needed to perform an eye
movement calibration designed by Tobii Pro Spectrum. The
calibration was accepted only if the errors of all five points for
two eyes were less than 1° visual angle.

Participants were asked to complete an emotion
discrimination task, including four blocks with 20 trials in
each block. Each trial began with a 3° x 3° animated fixation
that appeared randomly on either the left or the right side of the
screen to catch participants attention. Participants had to fixate
on the animation for 1.5 s before a 20° x 20°central face picture
appeared. The face picture was presented for 10 s, during which
participants were instructed to view the face freely. We used
10 s to explore the temporal dynamics of gaze patterns (van
der Geest et al., 2002). After that, participants needed to press
the key “1” or “3” to choose the right facial emotion from two
options presented on the screen (see Figure 1A). The task was
set up to engage the participants.

2.4. Data analysis

Eye movement data were analyzed in R (Version 4.0.2).
Missing data were filled by linear interpolation with a maximum
time gap of 75 ms (Olsen, 2012). We averaged the gaze data from
both eyes when calculating fixations. Areas of interest (AOIs)
were defined in Figure 1B.

We excluded invalid trials according to the following
criteria: (1) trials with more than 30% missing valid eye gaze
data (Wang et al.,, 2020); (2) trials with less than 50% of the
time looking at the face out of the whole screen. According
to these criteria, a total of 874 (18.2%) invalid trials were
excluded. The mean accuracy of emotion judgment was 88.5%
(SD = 0.13). ANOVA test revealed no effect of AQ or SPIN on
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the judgment accuracy (ps > 0.05). We excluded incorrect trials
in the analyses.

To explore the roles of autistic traits and social anxiety
in the attention to the eyes, we focused on three aspects of
eye movement data: the overall eye-looking time, the initial
attention to the eyes, and the temporal dynamics of eye-looking
time. First, for the overall eye-looking time, we calculated the
proportional fixation time on the eyes out of the whole face
(eyes + rest of the face) during the whole 10 s of the trial. We
adopted a linear mixed model with z-transformed AQ, SPIN,
and facial emotion as fixed variables and subjects as the random
variable to examine the impacts of AQ, SPIN, and facial emotion
on the overall eye-looking time. We also included sex of the
participants as a covariate in the model since the majority of the
participants were female. The LMM was estimated in the “afex”
package (Singmann et al., 2021), and post hoc comparisons
were made in the “emmeans” package (Lenth, 2020). Second,
to examine how the two traits separately or interactively affect
the initial attention to the eyes, we computed the proportion
of first fixations on the eyes when participants looked away
from the peripheral fixation to the face, by dividing the trials
where the first fixation was on the eyes by the individual number
of valid trials with correct answers. Instead of exploring the
attentional process of the whole face, we calculated the latency
to the eyes (the time from the facial stimulus appearing to
the onset of the first fixations on the eyes) and the duration
(the eye-looking time of the first fixation on the face) of the
first fixations on the eyes because we intended to focus on
examining the vigilance, maintenance, and avoidance of the eyes
in this study. These theories emphasized on how the individual’s
attention was first attracted by the socially threatening stimuli
in the environment, which was the eye gaze in our study.
Therefore, the first fixation on the eye region was a precondition
to our research question. Several studies used the same methods
to investigate the early attentional process to the human eye
region (e.g., Keil et al,, 2018; Capriola-Hall et al,, 2021). We
then conducted three LMMs to examine the impacts of AQ,
SPIN, and facial emotion on the proportion of first fixations
on the eyes, first fixation duration, and latency. The descriptive
data of overall eye-looking time, proportion of first fixations
on the eyes, first fixation duration, and first fixation latency
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FIGURE 1

face were computed together when analyzing data.

Time

Emotion discrimination task and definition of AQlIs. (A) Each trial started with an animated fixation that appeared randomly on either left or right
side of the screen. Participants needed to fix the fixation for 1.5 s before a central face appeared. This step was designed to measure the latency
time and the position of the participant's first fixations to the central face. The face was presented for 10 s. After that, participants needed to
choose the right facial emotion from two options by pressing a key. (B) Areas of interest were eyes and face. Fixation data on both eyes of the

under five emotions were shown in Supplementary Table 1.
To better understand how AQ modulate the effect of SPIN, we
chose three Z-transformed scores of AQ (-1,0,1) to represent
low, medium, and high level of autistic traits in our further
simple slope analyses of SPIN. Third, to further explore the
temporal dynamics of eye-looking time, we used a moving-
average approach (e.g., Dankner et al., 2017; Wang et al., 2018)
to calculate the proportional eye-looking time of each 250 ms
epoch. We then separated our participants into the high and
low autistic trait groups by the cut-off value of 26 in the AQ
scale (Woodbury-Smith et al., 2005), or the high and low social
anxiety groups by the cut-off value of 19 in SPIN (Connor et al.,
2000). We adopted a cluster-based permutation test to compare
the differences between different groups of participants (e.g.,
Wang et al., 2018, 2020).

3. Results

3.1. Autistic traits or social anxiety do
not modulate the overall eye-looking
time

We used the proportion of eye-looking time out of face-
looking time during the 10 s of the face stimulus as the index
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of overall eye-looking time. The original full model consisted
of the random slopes of emotion within participants and the
random intercept of participants. However, the model failed
to converge. The ANOVA indicated an insignificant difference
between the original and nested models with the random
intercept of participants as the only random effect. Therefore,
the final model used the main and interaction of autistic traits,
social anxiety, and emotion as fixed effects, participants as the
random effect, and sex as the covariate. The LMMs below used
the same fixed, random, and controlling effects.

The complete LMM result was shown in Supplementary
Table 2. We found no main effect of either autistic traits, F(1,
53.82) = 0.99, p = 0.33, SPIN, F(1, 54.31) = 0.37, p = 0.55, or the
interaction of autistic traits and social anxiety, F(1, 54.26) = 1.32,
p = 0.26. However, autistic traits, social anxiety, and emotion
revealed a significant interaction on the overall eye-looking
time, F(4, 3384.86) = 3.29, p = 0.01. We then compared slopes of
social anxiety under five emotions between high (1 SD above the
mean AQ), medium (mean AQ), and low levels of autistic traits
(-1 SD below the mean AQ), and found no difference under any
emotions (ps > 0.05, see Supplementary Table 3 for details).
Even so, as shown in Figure 2, participants with lower autistic
traits tended to look at eyes more as they scored more on social
anxiety, while those with higher autistic traits tended to look at
eyes less as they scored more on social anxiety. Moreover, sex
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had an effect on the overall eye-looking time, F(1,54.62) = 4.79,
p = 0.033. Female participants looked longer at the eyes than
male participants.

In sum, we did not find direct evidence of impacts of
autistic traits and social anxiety on the overall attention to the
eyes, independently or interactively. Thus, we focused on their
effects on the temporal dynamics of eye-looking patterns in the
following analyses.

3.2. Autistic traits and social anxiety
interactively modulated the first
fixations to the eyes

To investigate how autistic traits and social anxiety impacted
the first fixations on the eyes, we adopted three LMMs with
dependent variables of the proportion of first fixations on the
eyes, the first fixation durations on the eyes, and the latency
to the eyes. As shown in Supplementary Table 4, the LMM
showed a significant interaction between autistic traits and social
anxiety on the proportion of first fixations on the eyes, F(1,
50.79) = 4.52, p = 0.038. Simple slope analyses revealed that the
effect of social anxiety on the proportion of first fixations on the
eyes was significant at the high level of autistic traits (1 SD above
the mean AQ), B = -0.058, t = -2.055, § = -0.314, p = 0.045.
No effect of social anxiety was found at the low (-1 SD below
the mean AQ) or medium level of autistic traits (mean AQ),
B =0.029, t = 0.825, f = 0.156, p = 0.413, and B = -0.014, ¢ =
-0.599, B = -0.079, p = 0.552, respectively (see Figure 3A). The
main effect of social anxiety or autistic traits was not significant,
F(1, 51.79) = 0.36, p = 0.552, and F(1, 50.54) = 0.01, p = 0.923,
respectively. These results indicated that participants with both
high autistic and high social anxiety looked less at eyes when
they attended to the face, compared to individuals with high
autistic traits and low social anxiety.

Then, we selected trials in which participants’ first fixations
(29 percent of valid trials) were on the eyes and made log-
transformations of the first fixation duration and the latency of
first fixation because of non-normality (Shapiro-Wilk normality
test, W = 0.252, p < 0.001, and W = 0.657, p < 0.001,
respectively). We conducted another two LMMs with log-
transformed first fixation duration and log-transformed latency
as dependent variables of each model.

As shown in Supplementary Table 5, the interaction
between autistic traits and social anxiety on log-transformed
first fixation duration was significant, F(1, 56.26) = 7.10,
p =0.010. Simple slope analyses showed that social anxiety had a
positive effect on the first fixation duration at the eyes at the high
level of autistic traits (B = 0.219, t = 3.434, = 0.380, p = 0.001),
as well as the medium level of autistic traits (B = 0.095, ¢t = 2.007,
B = 0.165, p = 0.0496). Social anxiety did not show any effect
on first fixation duration at the low level of autistic traits (B =
-0.029, t = -0.415, B = -0.050, p = 0.680, see Figure 3B). Social
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anxiety also had a significant main effect, F(1, 51.22) = 4.05,
p = 0.050, indicating that with higher social anxiety, people
tended to look at eyes longer on their first fixations (see
Figure 4). However, the main effect of autistic traits was not
significant, F(1, 39.14) = 0.33, p = 0.569.

As shown in Supplementary Table 6, social anxiety and
autistic traits had a marginal interaction on log-transformed
latency, F(1, 53.80) = 3.13, p = 0.083. Simple slope analyses
revealed a positive effect of social anxiety on latency at the high
level of autistic traits (B = 0.111, t = 2.352, = 0.265, p = 0.022),
but not at the low (B = -0.011, ¢ = -0.206, § = -0.025, p = 0.837)
or the medium levels of autistic traits (B = 0.050, t = 1.430,
B =0.120, p = 0.158, see Figure 3C). The main effect of social
anxiety or autistic traits was not significant, F(1, 49.49) = 2.05,
p=0.158, and F(1, 38.11) = 0.01, p = 0.936, respectively.

In sum, we found that social anxiety was related to longer
first fixation durations on the eyes. In addition, autistic traits and
social anxiety had an interactive effect on the first fixations on
the eyes. Among people with high autistic traits, social anxiety
was related to fewer first fixations on the eyes, longer latency to
the eyes, and longer first fixation duration on the eyes. However,
among people with low autistic traits, social anxiety was not
related to any indices of first fixations on the eyes.

3.3. Autistic traits, but not social
anxiety, was associated with eye
avoidance across time

Besides the initial attention to the eyes, we also explored how
autistic traits and social anxiety impacted eye-looking time at
later stages. To this end, we compared temporal dynamics of
eye-looking time between the high and low autistic trait groups
as well as between the high and low social anxiety groups. The
results are shown in Figure 5. People in the low autistic traits
group generally looked less at eyes, but the differences were
significant at around 2, 4, and 8 s (p < 0.05, see Figure 5A).
However, there was no difference between high and low social
anxiety groups across all time intervals (see Figure 5B).

4. Discussion

We aimed to address two research questions in this study
to investigate how social anxiety and autistic traits influenced
the attention to the eyes. First, we explored how autistic traits
and social anxiety separately and interactively influenced the
overall attention to the eyes. Our results revealed that the
overall eye-looking time was not modulated by either of these
two traits. Second, we separated the eye looking by different
temporal stages and examined how these two traits affected the
attention to the eyes for each stage. We found that these two
traits had an interactive impact on the first fixations on the
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Medium === High

eyes: among people with relatively high autistic traits, social
anxiety was related to the avoidance of eyes as well as the early
attention maintenance on the eyes. In addition, we found that
social anxiety only affected the attention to the eyes on first
fixations, while autistic traits affected the avoidance of the eyes
significantly at several time points during the 10 s trial.

We found that the effects of social anxiety on attention
to the eyes were mainly in the early stage. Specifically, we
found that social anxiety could affect first fixation duration
on the eyes—the higher the social anxiety, the longer the first
fixation duration on the eyes (see Figure 4). Social anxiety did
not affect the latency of the first fixation on the eyes or the
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proportion of the first fixation on the eyes. This finding does
not support the vigilance hypothesis of SAD, which suggests that
the initial vigilance to the eyes is reflected by shorter latency or
more first fixations to the eyes in people with SAD (Boll et al,,
2016; Keil et al,, 2018) and people with relatively high social
anxiety (Gutiérrez-Garcia et al., 2018). Instead, our finding of
longer first fixation durations on the eyes in high social anxiety
indicated an early maintenance of attention to the eyes. The
result could be explained by the maintenance hypothesis of
SAD, which emphasizes the attentional inflexibility of people
with SAD when facing social threats (Kleberg et al., 2021). The
maintenance theory has also been supported by previous studies,
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Temporal dynamics of eye-looking time in high and low autistic
traits (A) and social anxiety (B) groups. (A) The high autistic traits
group consisted of participants whose dichotomous AQ scores
were greater than or equal to 26 (N = 27). The low autistic traits
group consisted of the rest of the participants (N = 33). Ribbon
areas around lines indicate standard errors. Gray straight lines
indicates the cluster of times when group differences of
eye-looking time were significant. (B) The high social anxiety
group consisted of participants whose dichotomous SPIN
scores were greater than or equal to 19 (N = 37). The low social
anxiety group consisted of the rest of the participants (N = 23).
Ribbon areas around lines indicate standard errors.

which revealed an attentional disengaging problem from socially
threatening stimuli in people with SAD (e.g., Fox et al.,, 2002;
Moriya and Tanno, 2011; McGlade et al, 2020) and people
with high social anxiety (Wieser et al., 2009a). Although our
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finding of longer first fixation duration on the eyes in individuals
with higher social anxiety was consistent with a previous study
in youth with SAD (Capriola-Hall et al., 2021), contradictory
findings in Keil et al. (2018) indicated that children with SAD
oriented to the eyes faster but their first fixation duration
on the eyes was shorter. To further examine the underlying
mechanisms of attentional bias in SAD, future studies should
use more sophisticated paradigms of disengagement, such as
cueing the participants’ initial fixation to the eyes or other
socially threatening stimuli, to measure their disengaging time
in shifting from the eyes (Boll et al., 2016; Kleberg et al., 2021).

More importantly, we found an interactive effect of social
anxiety and autistic traits on the initial attention to the eyes:
In people with high autistic traits, social anxiety was related
to fewer first fixations and longer latency to the eyes, while
in people with low autistic traits, social anxiety did not affect
the first fixations on the eyes (as shown in Figures 3A, C).
This result indicated that the early vigilance to the eyes was
not present in people with high social anxiety co-occurring
high autistic traits. Instead, autistic traits could enhance the
avoidance of the eyes at the early stages of face processing in
people with high social anxiety. In addition, social anxiety was
related to longer first fixation duration on the eyes in people with
high and medium levels of autistic traits, but not in people with
low levels of autistic traits (as shown in Figure 3B), indicating
the early maintenance of attention to the eyes in people with
high social anxiety and relatively high autistic traits. This
maintenance eye-looking pattern may reflect an early enhanced
attention to social stimuli or an impaired disengagement of
early attention in people with high social anxiety. Summarizing
the results above, our findings suggest that people with high
levels of autistic traits and social anxiety tend to avoid looking
at the eyes at the early stage, but once they fixated on the
eyes, they displayed a tendency to maintain their attention
on the eyes. This avoidance-maintenance eye-looking pattern
in people with comorbidity of ASD and SAD could interfere
the normal interpersonal communication, especially the non-
verbal communication, which largely relies on eye contacts
and social information processing. Our findings highlight the
importance of viewing the effects of the two traits on social
attention as interactive rather than separate. Future studies
should take into account comorbidities of social anxiety, such
as autism, when describing clinical samples, and interpreting
the results in future investigations of social attention. Notably,
different experimental paradigms should be used to confirm the
findings. In Kleberg et al. (2017), participants were presented
with the human eye region with three non-social stimuli. After
controlling autistic traits, researchers found that people with
high social anxiety oriented their attention away from the eyes
more quickly. The experimental paradigm and the materials we
used might have caused inconsistent findings.

Different from the initial attention to the eyes, later attention
to the eyes was only affected by autistic traits, not social anxiety.

frontiersin.org


https://doi.org/10.3389/fnins.2022.1081769
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Ni et al.

People with relatively high autistic traits avoided the eyes at
several time points at later stage of the trial. This finding
supported the eye avoidance hypothesis of autism (Tanaka and
Sung, 2016), and was consistent with the findings in non-autistic
adults with high autistic traits (Chen and Yoon, 2011; Hessels
et al., 2018). Inconsistent with the vigilance-avoidance account
of social anxiety (e.g., Keil et al, 2018), we did not find a
later avoidance of the eyes in people with social anxiety. Thus,
our findings only support the attentional bias of social anxiety
in the early stage, reflecting the subjects’ difficulty in shifting
their attention from the eyes (Kleberg et al, 2021). Autistic
traits, on the other hand, could be related to an uncomfortable
tension elicited by viewing socially threatening stimuli, resulting
in a sustained avoidance of the eyes (Tanaka and Sung, 2016).
Our study suggests that attention to the eyes in social anxiety
among those with autistic traits should be considered as a
dynamic process, and different traits could affect different stages
of attention to the eyes. However, the underlying neural and
physiological mechanisms needs further investigations.

Our study has several implications for the underlying
mechanisms and clinical practices regarding SAD and
ASD. First, the results contribute to the understanding of
heterogeneity of eye-looking patterns in people with SAD.
The existing theories have proposed that people with SAD
could be vigilant or avoidant of the eyes, or they may be
difficult to disengage their attention from the eyes. However,
these various gaze patterns could be affected by comorbid
situations. Thus, the investigation of social information
processing should consider comorbidities, such as co-occurring
autism. Second, comorbidity could make the diagnosis of
ASD and SAD highly complicated, given their similarities in
deficient social information processing. Our study suggests
different mechanisms underlying these two traits affecting social
attention and may provide an objective tool of eye-tracking
techniques for distinguishing the two disorders. Last, our study
implies that interventions for autism should also consider
co-occurring social anxiety or other disorders for a more
individualized and precise intervention approach. Similarly, it
is also important for the treatment of social anxiety to consider
co-occurring autistic traits.

Our study also had some limitations. First, participants
in this study were all college students with different levels of
autistic traits and social anxiety. Although people with high
level of autistic traits and social anxiety have been found to
show similar cognitive processes with clinical samples (e.g.,
Moriya and Tanno, 2011; Hessels et al., 2018), caution needs
to be taken when interpreting the findings and generalizing
the conclusions to clinical samples. Second, we recruited a
second set of participants with relatively high AQ to match
the numbers of participants in the high and low AQ group.
Because autistic traits have a moderate correlation with social
anxiety (Wainer et al, 2011), the mean scores of SPIN in
our participants were therefore higher than the neurotypically
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sample (Connor et al., 2000). Although the mean score of low
SPIN group (i.e., 12) was consistent with previous non-clinical
sample data (Connor et al., 2000), it might still be important
to note that our sample may not be representative enough.
Third, caution should also be taken when generalizing our
findings to people in different cultures. Cultural differences
could contribute to the differences between our findings and
those of previous studies, which were mostly conducted outside
of China. Our participants were Chinese college students, who
were thought to show more avoidance of eye contacts than
Western people in daily communication (Blais et al., 2008; Fu
etal., 2012). Therefore, similar studies should be conducted with
people from different cultures to confirm our findings (Blais
etal, 2008; Fu et al., 2012). Fourth, we had a relatively high rate
of invalid trials in the current study which was probably caused
by the relatively large trial numbers, simple stimuli and task, and
long trial duration. Future studies should use a variety of real
human faces with shorter trial duration. We also included only
a few trials where the first fixation was on the eyes (21 percent
of the original trials) to explore the initial attention to the eyes.
Fifth, the measurement of social anxiety in our study (i.e., SPIN)
refers to socially anxious symptoms during the last 3 months and
could not clearly be considered as a trait measure. Therefore,
more research was needed on the effect of trait social anxiety on
face processing.

In conclusion, we found that autistic traits and social
anxiety could affect different stages of attention to the eyes:
social anxiety only affected the first fixations, while autistic
traits affected the attention to the eyes across the whole time.
More importantly, we found an interactive effect between social
anxiety and autistic traits on the attention to the eyes: People
with high autistic traits and high social anxiety were initially
avoidant of the eyes, but once they looked at the eyes, they
maintained their attention on the eyes. Our study suggests an
interactive role of different traits on the same cognitive process
and emphasizes the importance of considering the temporal
dynamic process when investigating the roles of different traits
in social attention. Our study also has important implications
for the clinical practices of autism and social anxiety.

Data availability statement

The datasets presented in this study can be found in
online repositories. The names of the repository/repositories
and accession number(s) can be found below: https://osf.io/
eubrs/.

Ethics statement

The studies involving human participants were reviewed
and approved by Committee for Protecting Human and Animal

frontiersin.org


https://doi.org/10.3389/fnins.2022.1081769
https://osf.io/eu6rs/
https://osf.io/eu6rs/
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Ni et al.

Subjects at School of Psychological and Cognitive Sciences at
Peking University, China. The patients/participants provided
their written informed consent to participate in this study.

Author contributions

WN and CS designed experiments and collected data. WN,
HL, and QW conducted the eye-tracking data analysis. WN and
HL completed the statistical analysis. WN wrote the manuscript.
LY revised the manuscript. All authors contributed to the article
and approved the submitted version.

Funding

This work was supported by grants from the Key-Area
Research and Development Program of Guangdong Province
(2019B030335001), National Natural Science Foundation
of China (31871116), Postdoctoral Science Foundation
(2021M690443), and Clinical Medicine Plus X - Young Scholars
Project in Peking University, the Fundamental Research Funds
for the Central Universities.

References

American Psychiatric Association [APA] (2013). Diagnostic and statistical
manual of mental disorders. Fifth Edition. Washington, DC: American Psychiatric
Association, doi: 10.1176/appi.books.9780890425596

Amir, N, Elias, J., Klumpp, H., and Przeworski, A. (2003). Attentional bias to
threat in social phobia: Facilitated processing of threat or difficulty disengaging
attention from threat? Behav. Res. Ther. 41, 1325-1335. doi: 10.1016/S0005-
7967(03)00039-1

Amir, N,, Foa, E. B., and Coles, M. E. (1998). Automatic activation and strategic
avoidance of threat-relevant information in social phobia. J. Abnorm. Psychol. 107,
285-290. doi: 10.1037/0021-843X.107.2.285

Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J., and Clubley, E. (2001).
The autism-spectrum quotient (AQ): Evidence from Asperger syndrome/high-
functioning autism, males and females, scientists and mathematicians. J. Autism
Dev. Disord. 31, 5-17. doi: 10.1023/A:1005653411471

Bejerot, S., Eriksson, J. M., and Mortberg, E. (2014). Social anxiety in adult
autism spectrum disorder. Psychiatry Res. 220, 705-707. doi: 10.1016/j.psychres.
2014.08.030

Bellini, S. (2006). The development of social anxiety in adolescents with autism
spectrum disorders. Focus Autism Other Dev. Disabl. 21, 138-145. doi: 10.1177/
10883576060210030201

Blais, C., Jack, R. E., Scheepers, C., Fiset, D., and Caldara, R. (2008). Culture
shapes how we look at faces. PLoS One 3:¢3022. doi: 10.1371/journal.pone.0003022

Bogels, S. M., and Mansell, W. (2004). Attention processes in the maintenance
and treatment of social phobia: Hypervigilance, avoidance and self-focused
attention. Clin. Psychol. Rev. 24, 827-856. doi: 10.1016/j.cpr.2004.06.005

Boll, S., Bartholomaeus, M., Peter, U., Lupke, U., and Gamer, M. (2016).
Attentional mechanisms of social perception are biased in social phobia. J. Anxiety
Disord. 40, 83-93. doi: 10.1016/j.janxdis.2016.04.004

Buckner, J. D., Maner, J. K., and Schmidt, N. B. (2010). Difficulty disengaging

attention from social threat in social anxiety. Cogn. Ther. Res. 34, 99-105. doi:
10.1007/s10608-008-9205-y

Capriola-Hall, N. N., Ollendick, T. H., and White, S. W. (2021). Attention
deployment to the eye region of emotional faces among adolescents with and

Frontiers in Neuroscience

10

10.3389/fnins.2022.1081769

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fnins.2022.1081769/full#supplementary-material

without social anxiety disorder. Cogn. Ther. Res. 45, 456-467. doi: 10.1007/s10608-
020-10169-2

Chen, F. S., and Yoon, J. M. D. (2011). Brief report: Broader autism phenotype
predicts spontaneous reciprocity of direct gaze. J. Autism Dev. Disord. 41, 1131-
1134. doi: 10.1007/s10803-010-1136-2

Clark, D. M., and Wells, A. (1995). “A cognitive model of social phobia,” in Social
phobia: Diagnosis, assessment, and treatment, (New York, NY: The Guilford Press),
69-93.

Connor, K. M., Davidson, J. R. T., Churchill, L. E., Sherwood, A., Weisler, R. H.,
and Foa, E. (2000). Psychometric properties of the Social Phobia Inventory (SPIN):
New self-rating scale. Br. J. Psychiatry 176, 379-386. doi: 10.1192/bjp.176.4.379

Dankner, Y., Shalev, L., Carrasco, M., and Yuval-Greenberg, S. (2017).
Prestimulus inhibition of saccades in adults with and without attention-
deficit/hyperactivity disorder as an index of temporal expectations. Psychol. Sci.
28, 835-850. doi: 10.1177/0956797617694863

Fernandes, C,, Silva, S., Pires, ., Reis, A., Ros, A. ., Janeiro, L., et al. (2018). Eye-
tracking evidence of a maintenance bias in social anxiety. Behav. Cogn. Psychother.
46, 66-83. doi: 10.1017/S1352465817000418

Fox, E., Russo, R., and Dutton, K. (2002). Attentional bias for threat: Evidence
for delayed disengagement from emotional faces. Cogn. Emot. 16, 355-379. doi:
10.1080/02699930143000527

Freeth, M., Foulsham, T., and Kingstone, A. (2013). What affects social
attention? Social presence, eye contact and autistic traits. PLoS One 8:e53286.
doi: 10.1371/journal.pone.0053286

Fu, G., Hu, C. S., Wang, Q., Quinn, P. C,, and Lee, K. (2012). Adults scan own-
and other-race faces differently. PLoS One 7:¢37688. doi: 10.1371/journal.pone.
0037688

Gutiérrez-Garcia, A., Calvo, M. G., and Eysenck, M. W. (2018). Social anxiety
and detection of facial untrustworthiness: Spatio-temporal oculomotor profiles.
Psychiatry Res. 262, 55-62. doi: 10.1016/j.psychres.2018.01.031

Hessels, R. S., Holleman, G. A., Cornelissen, T. H. W., Hooge, I. T. C., and
Kemner, C. (2018). Eye contact takes two—autistic and social anxiety traits predict

frontiersin.org


https://doi.org/10.3389/fnins.2022.1081769
https://www.frontiersin.org/articles/10.3389/fnins.2022.1081769/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnins.2022.1081769/full#supplementary-material
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1016/S0005-7967(03)00039-1
https://doi.org/10.1016/S0005-7967(03)00039-1
https://doi.org/10.1037/0021-843X.107.2.285
https://doi.org/10.1023/A:1005653411471
https://doi.org/10.1016/j.psychres.2014.08.030
https://doi.org/10.1016/j.psychres.2014.08.030
https://doi.org/10.1177/10883576060210030201
https://doi.org/10.1177/10883576060210030201
https://doi.org/10.1371/journal.pone.0003022
https://doi.org/10.1016/j.cpr.2004.06.005
https://doi.org/10.1016/j.janxdis.2016.04.004
https://doi.org/10.1007/s10608-008-9205-y
https://doi.org/10.1007/s10608-008-9205-y
https://doi.org/10.1007/s10608-020-10169-2
https://doi.org/10.1007/s10608-020-10169-2
https://doi.org/10.1007/s10803-010-1136-2
https://doi.org/10.1192/bjp.176.4.379
https://doi.org/10.1177/0956797617694863
https://doi.org/10.1017/S1352465817000418
https://doi.org/10.1080/02699930143000527
https://doi.org/10.1080/02699930143000527
https://doi.org/10.1371/journal.pone.0053286
https://doi.org/10.1371/journal.pone.0037688
https://doi.org/10.1371/journal.pone.0037688
https://doi.org/10.1016/j.psychres.2018.01.031
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Ni et al.

gaze behavior in dyadic interaction. J. Exp. Psychopathol. 9:je062917. doi: 10.5127/
jep.062917

Insel, T., Cuthbert, B., Garvey, M., Heinssen, R., Pine, D. S., Quinn, K, et al.
(2010). Research domain criteria (RDoC): Toward a new classification framework
for research on mental disorders. AJP 167, 748-751. doi: 10.1176/appi.ajp.2010.
09091379

Keil, V., Hepach, R,, Vierrath, S., Caffier, D., Tuschen-Caffier, B., Klein, C., et al.
(2018). Children with social anxiety disorder show blunted pupillary reactivity
and altered eye contact processing in response to emotional faces: Insights from
pupillometry and eye movements. J. Anxiety Disord. 58, 61-69. doi: 10.1016/j.
janxdis.2018.07.001

Kleberg, J. L., Hogstrom, J., Nord, M., Bélte, S., Serlachius, E., and Falck-Ytter,
T. (2017). Autistic traits and symptoms of social anxiety are differentially related
to attention to others’ eyes in social anxiety disorder. J. Autism Dev. Disord. 47,
3814-3821. doi: 10.1007/s10803-016-2978-z

Kleberg, J. L., Hogstrom, J., Sundstrém, K., Frick, A., and Serlachius, E. (2021).
Delayed gaze shifts away from others’ eyes in children and adolescents with social
anxiety disorder. J. Affect. Disord. 278, 280-287. doi: 10.1016/j.jad.2020.09.022

Kuusikko, S., Pollock-Wurman, R., Jussila, K., Carter, A. S., Mattila, M.-
L., Ebeling, H., et al. (2008). Social anxiety in high-functioning children and
adolescents with autism and Asperger syndrome. ] Autism Dev. Disord. 38,
1697-1709. doi: 10.1007/s10803-008-0555-9

Lenth, R. V. (2020). emmeans: Estimated marginal means, aka least-squares
means. R package version 1.5.3. Available online at: https://cran.r-project.org/web/
packages/emmeans/index.html

Leyfer, O. T., Folstein, S. E., Bacalman, S., Davis, N. O., Dinh, E., Morgan, J.,
et al. (2006). Comorbid psychiatric disorders in children with autism: Interview
development and rates of disorders. J. Autism Dev. Disord. 36, 849-861. doi:
10.1007/s10803-006-0123-0

Maddox, B. B., and White, S. W. (2015). Comorbid social anxiety disorder
in adults with autism spectrum disorder. J. Autism Dev. Disord. 45, 3949-3960.
doi: 10.1007/s10803-015-2531-5

McGlade, A. L., Craske, M. G., and Niles, A. N. (2020). Temporal trends in
attention disengagement from social threat as a function of social anxiety. J. Behav.
Ther. Exp. Psychiatry 68:101529. doi: 10.1016/j.jbtep.2019.101529

Mogg, K., and Bradley, B. P. (1998). A cognitive-motivational analysis of
anxiety. Behav. Res. Ther. 36, 809-848. doi: 10.1016/S0005-7967(98)00063- 1

Moriya, J., and Tanno, Y. (2011). The time course of attentional disengagement
from angry faces in social anxiety. J. Behav. Ther. Exp. Psychiatry 42, 122-128.
doi: 10.1016/j.jbtep.2010.08.001

Murray, A. L., Booth, T., McKenzie, K., and Kuenssberg, R. (2016). What range
of trait levels can the Autism-Spectrum Quotient (AQ) measure reliably? An
item response theory analysis. Psychol. Assess. 28, 673-683. doi: 10.1037/pas000
0215

Olsen, A. (2012). The tobii I-VT fixation filter. Danderyd Municipality: Tobii
Technology, 21.

Pelphrey, K. A., Sasson, N. J., Reznick, J. S., Paul, G., Goldman, B. D., and Piven,
J. (2002). Visual scanning of faces in autism. J. Autism Dev. Disord. 32, 249-261.
doi: 10.1023/A:1016374617369

Pergamin-Hight, L., Bitton, S., Pine, D. S., Fox, N. A., and Bar-Haim, Y. (2016).

Attention and interpretation biases and attention control in youth with social
anxiety disorder. J. Exp. Psychopathol. 7, 484-498. doi: 10.5127/jep.053115

Rapee, R. M., and Heimberg, R. G. (1997). A cognitive-behavioral model of
anxiety in social phobia. Behav. Res. Ther. 35, 741-756.

Rosbrook, A., and Whittingham, K. (2010). Autistic traits in the general
population: What mediates the link with depressive and anxious symptomatology?
Res. Autism Spectr. Disord. 4, 415-424. doi: 10.1016/j.rasd.2009.10.012

Schneier, F. R., Rodebaugh, T. L., Blanco, C., Lewin, H., and Liebowitz, M. R.
(2011). Fear and avoidance of eye contact in social anxiety disorder. Compr.
Psychiatry 52, 81-87. doi: 10.1016/j.comppsych.2010.04.006

Frontiers in Neuroscience

11

10.3389/fnins.2022.1081769

Singmann, H., Bolker, B., Westfall, J., and Aust, F. (2021). afex: Analysis of
factorial experiments. R package version 0.28-1. Available onlinet at: https://cran.
r-project.org/web/packages/afex/index.html

Singular Inversions, (2010). FaceGen Modeller.
www.facegen.com (accessed January 21, 2021).

Stein, D. J., Lim, C. C. W,, Roest, A. M., de Jonge, P., Aguilar-Gaxiola, S.,
Al-Hamzawi, A., et al. (2017). The cross-national epidemiology of social anxiety
disorder: Data from the world mental health survey initiative. BMC Med. 15:143.
doi: 10.1186/s12916-017-0889-2

Stein, M. B., and Stein, D. J. (2008). Social anxiety disorder. Lancet 371,
1115-1125. doi: 10.1016/S0140-6736(08)60488-2

Sucksmith, E., Roth, I., and Hoekstra, R. A. (2011). Autistic traits below
the clinical threshold: Re-examining the broader autism phenotype in the 21st
century. Neuropsychol. Rev. 21, 360-389. doi: 10.1007/s11065-011-9183-9

Available online at:

Tanaka, J. W, and Sung, A. (2016). The “eye avoidance” hypothesis of autism
face processing. J. Autism Dev. Disord. 46, 1538-1552. doi: 10.1007/s10803-013-
1976-7

Thomas, M. L. (2011). The value of item response theory in clinical assessment:
A review. Assess. 18, 291-307. doi: 10.1177/1073191110374797

van der Geest, J. N., Kemner, C., Verbaten, M. N., and van Engeland, H. (2002).
Gaze behavior of children with pervasive developmental disorder toward human
faces: A fixation time study. J. Child Psychol. Psychiat. 43, 669-678. doi: 10.1111/
1469-7610.00055

Wainer, A. L., Ingersoll, B. R., and Hopwood, C. J. (2011). The structure and
nature of the broader autism phenotype in a non-clinical sample. J. Psychopathol.
Behav. Assess. 33, 459-469. doi: 10.1007/s10862-011-9259-0

Wang, Q., Hoi, S. P., Wang, Y., Song, C,, Li, T., Lam, C. M., et al. (2020). Out
of mind, out of sight? Investigating abnormal face scanning in autism spectrum
disorder using gaze-contingent paradigm. Dev. Sci. 23:¢12856. doi: 10.1111/desc.
12856

Wang, Q,, Lu, L., Zhang, Q., Fang, F., Zou, X., and Yi, L. (2018). Eye avoidance
in young children with autism spectrum disorder is modulated by emotional facial
expressions. J. Abnorm. Psychol. 127, 722-732. doi: 10.1037/abn0000372

Weeks, J. W., Howell, A. N., and Goldin, P. R. (2013). Gaze avoidance in social
anxiety disorder. Depress. Anxiety 30, 749-756. doi: 10.1002/da.22146

Wheelwright, S., Auyeung, B., Allison, C., and Baron-Cohen, S. (2010). Defining
the broader, medium and narrow autism phenotype among parents using the
Autism Spectrum Quotient (AQ). Mol. Autism 1:10. doi: 10.1186/2040-2392-1-10

White, S. W., Maddox, B. B., and Panneton, R. K. (2015). Fear of negative
evaluation influences eye gaze in adolescents with autism spectrum disorder: A
pilot study. J. Autism Dev. Disord. 45, 3446-3457. doi: 10.1007/s10803-014-2349-6

Wieser, M. J., Pauli, P., Alpers, G. W., and Miihlberger, A. (2009a). Is eye to eye
contact really threatening and avoided in social anxiety?—An eye-tracking and
psychophysiology study. J. Anxiety Disord. 23, 93-103. doi: 10.1016/j.janxdis.2008.
04.004

Wieser, M. J., Pauli, P., Weyers, P., Alpers, G. W., and Miihlberger, A. (2009b).
Fear of negative evaluation and the hypervigilance-avoidance hypothesis: An eye-
tracking study. J. Neural Transm. 116, 717-723. doi: 10.1007/500702-008-0101-0

Woodbury-Smith, M. R, Robinson, J., Wheelwright, S., and Baron-Cohen, S.
(2005). Screening adults for Asperger syndrome using the AQ: A preliminary study
of its diagnostic validity in clinical practice. J. Autism Dev. Disord. 35, 331-335.
doi: 10.1007/s10803-005-3300-7

Yi, L., Fan, Y., Quinn, P. C, Feng, C., Huang, D., Li, ], et al. (2013). Abnormality
in face scanning by children with autism spectrum disorder is limited to the eye
region: Evidence from multi-method analyses of eye tracking data. J. Vision 13,
5-5.doi: 10.1167/13.10.5

Yi, L., Feng, C., Quinn, P. C,, Ding, H,, Li, J., Liu, Y., et al. (2014). Do individuals
with and without autism spectrum disorder scan faces differently? A new multi-
method look at an existing controversy: Face processing in autism spectrum
disorder. Autism Res. 7, 72-83. doi: 10.1002/aur.1340

frontiersin.org


https://doi.org/10.3389/fnins.2022.1081769
https://doi.org/10.5127/jep.062917
https://doi.org/10.5127/jep.062917
https://doi.org/10.1176/appi.ajp.2010.09091379
https://doi.org/10.1176/appi.ajp.2010.09091379
https://doi.org/10.1016/j.janxdis.2018.07.001
https://doi.org/10.1016/j.janxdis.2018.07.001
https://doi.org/10.1007/s10803-016-2978-z
https://doi.org/10.1016/j.jad.2020.09.022
https://doi.org/10.1007/s10803-008-0555-9
https://cran.r-project.org/web/packages/emmeans/index.html
https://cran.r-project.org/web/packages/emmeans/index.html
https://doi.org/10.1007/s10803-006-0123-0
https://doi.org/10.1007/s10803-006-0123-0
https://doi.org/10.1007/s10803-015-2531-5
https://doi.org/10.1016/j.jbtep.2019.101529
https://doi.org/10.1016/S0005-7967(98)00063-1
https://doi.org/10.1016/j.jbtep.2010.08.001
https://doi.org/10.1037/pas0000215
https://doi.org/10.1037/pas0000215
https://doi.org/10.1023/A:1016374617369
https://doi.org/10.5127/jep.053115
https://doi.org/10.1016/j.rasd.2009.10.012
https://doi.org/10.1016/j.comppsych.2010.04.006
https://cran.r-project.org/web/packages/afex/index.html
https://cran.r-project.org/web/packages/afex/index.html
http://www.facegen.com
https://doi.org/10.1186/s12916-017-0889-2
https://doi.org/10.1016/S0140-6736(08)60488-2
https://doi.org/10.1007/s11065-011-9183-9
https://doi.org/10.1007/s10803-013-1976-7
https://doi.org/10.1007/s10803-013-1976-7
https://doi.org/10.1177/1073191110374797
https://doi.org/10.1111/1469-7610.00055
https://doi.org/10.1111/1469-7610.00055
https://doi.org/10.1007/s10862-011-9259-0
https://doi.org/10.1111/desc.12856
https://doi.org/10.1111/desc.12856
https://doi.org/10.1037/abn0000372
https://doi.org/10.1002/da.22146
https://doi.org/10.1186/2040-2392-1-10
https://doi.org/10.1007/s10803-014-2349-6
https://doi.org/10.1016/j.janxdis.2008.04.004
https://doi.org/10.1016/j.janxdis.2008.04.004
https://doi.org/10.1007/s00702-008-0101-0
https://doi.org/10.1007/s10803-005-3300-7
https://doi.org/10.1167/13.10.5
https://doi.org/10.1002/aur.1340
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

	Vigilance or avoidance: How do autistic traits and social anxiety modulate attention to the eyes?
	1. Introduction
	2. Materials and methods
	2.1. Participants
	2.2. Materials
	2.2.1. Psychometric measures
	2.2.2. Stimulus materials and apparatus

	2.3. Procedures
	2.4. Data analysis

	3. Results
	3.1. Autistic traits or social anxiety do not modulate the overall eye-looking time
	3.2. Autistic traits and social anxiety interactively modulated the first fixations to the eyes
	3.3. Autistic traits, but not social anxiety, was associated with eye avoidance across time

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


